
The AFM / SPFM laboratory of our Center was developed around a home-built advanced SPM system, which is currently driven by a state-of-the-art
controller and is capable of: “classical” AFM (contact, non-contact, intermi�ent contact), STM, MFM,I-AFM (current AFM), SPFMand much more.
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Abstract
A non-contact scanning probe technique – Scanning Polariza�on Force Microscopy
(SPFM)– was successfully implemented for the study of the we�ng proper�es of
liquids on the surfaces of solid materials, at the micro- and nanoscale. SPFMrelies
on the measurement and control of the electrosta�c force between a conduc�ve
AFM can�lever and the inves�gated surface. Micro- and nanodroplets of glycerol
were deposited on solid substrates (mica, graphite, silicon, silicon dioxide) and
imaged via SPFM. The technique allowed the direct measurement of the contact
angle and the study of its dependence on droplet size.

What is Scanning Polariza�on Force Microscopy?
SPFM is a non-contact scanning probe technique that offers the capability
of measuring the topography of liquid films or droplets and so� materials.
It relies on the measurement of electrosta�c interac�on (polariza�on)
forces between a conduc�ve AFM �p and the studied surface. As the
electrosta�c interac�on has a longer range compared to the van der Waals
interac�on, the �p is able to follow the surface topography at a larger
distance than in conven�onal AFM. SPFM can be used to study the we�ng
proper�es of liquids, the topography of biological materials etc.

The SPFM technique

Theory
Tip-surface system modeled as a charged
sphere in front of a dielectric surface => an
image charge appears inside the dielectric.
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Electrosta�c (polariza�on) force:
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SPFM-DC
- Tip located out of the range of the
van der Waals forces => PSPD
deflec�on is zero.
- When applying a DC bias, the
electrosta�c force (which will always
be a�rac�ve due to the opposite signs
of the charges) causes the can�lever
to bend downwards => PSPD
deflec�on becomes nega�ve.
- The magnitude of the deflec�on also
depends on �p-sample separa�on =>
by keeping the bending constant
during scanning (via the topography
feedback loop), one can actually
follow the surface topography in non-
contact.

SPFM-AC
Applied �p voltage:

Exis�ng local surface poten�al:

Resul�ng polariza�on force:
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The three components of F can be separated using a lock-in technique. F(2) is then used as an
input for the topography feedback; while following the surface topography, the nulling of F(1),
achieved when VDC = Vsurf, provides an (x,y) map of the local surface poten�al (Scanning Kelvin Probe
Microscopy – SKPM).
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Op�cal analysis of deposited glycerol droplets

Study of the we�ng proper�es of liquids

Contact angles

For macroscopic droplets,
the contact angle 0 is
defined as the angle at which
the liquid meniscus meets
the substrate, measured
through the liquid.

For microscopic droplets, the
liquid meniscus does not
meet the substrate at a
precise angle and the profile
of the droplets has two
inflexion points. The slope at
these inflexion points gives
the effec�ve (microscopic)
contact angle .

For microscopic droplets, the rela�on between the effec�ve
(microscopic) contact angle, the macroscopic contact angle, the
height of the droplets (e), the poten�al energy between the
interfaces (P) and the surface tension of the liquid () is given by

Hence, the dependence of surface poten�al energy with height,
P(e), can be calculated a�er determining from experimental
measurements the dependence of contact angle on droplet
height, (e).

Deposi�on of glycerol micro- and nanodroplets

Glycerol droplets were created on the substrates by condensa�on: the substrates
were held upside down inside a Berzelius glass containing heated glycerol, at a height
of ~5 mm above the liquid surface. A�er a few seconds the surface of the substrates
achieved a “foggy” appearance, which proved the presence of microscopic droplets.
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Visualising glycerol micro- and nanodroplets by SPFM
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 Glycerol/SiO2(bulk)

lim = 0.31 rad

 Glycerol/Si

 lim = 0.75 rad

 Glycerol/SiO2

lim = 0.24 rad
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 Glycerol/SiO2

        Po= - 4X 10-3 J/m2

   = 60.5 nm

 Glycerol/Si

        Po= - 28X10-3 J/m2

   = 107 nm

 Glycerol/SiO2(bulk)

        Po = - 8X10-3J/m2

    = 52 nm
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Line-cut profiles of the droplets
Extracted from the SPFMtopography images for Si, na�ve SiO2 and bulk SiO2
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Direct calcula�on of the microscopic
contact angle  and determina�on of its
dependence on droplet height

for glycerol on Silica

for glycerol on na�ve SiO2

for glycerol on bulk SiO2

Contact angle dependence on droplet height allowed the
determina�on of the poten�al energy dependence on droplet
height using

Field of view
~70µm × 55µm
for all images
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