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Why study surfaces?

Cell adhesion

Biocompatibility
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Outline

Bulk - Interfaces

Surface free energy

Cohesion and Adhesion

Intermolecular Forces

J. Israelachvili, Intermolecular & Surface Forces, 2nd Edition, 1992

I: Introduction
II: Wetting/Dewetting Contact Angle
III: Characterization of Surfaces 
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© Thomas Schmaltz, Felix Hartmann, Tim Wicke, Lukas Weymann, Christoph Neef und Jürgen Janek (2023): A 
Roadmap for Solid-State Batteries; in: Advanced Energy Materials (Volume 13, Issue 43/2023) published by Wiley-
VCH GmbH.

www.isi.fraunhofer.de/de/blog/themen/batterie-update/feststoffbatterien-
markt-potenziale-herausforderungen-materialien-komponenten-
zellkonzepte.html

Bulk – Interface: example Batterie

CC: current collector; LE: liquid electrolyte, SE: solid electrolyte; 
AAM/CAM: active anode or cathode material; LMA: lithium metal anode

a solid-state battery with
lithium metal anode

Graphic representation of 

a classic lithium-ion battery
with liquid electrolyte
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Bulk – Interface - Surface

Surface: Zone of a piece of material where the structure and 
composition differ from the average (bulk) composition and structure.
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• The surface free energy, or more correctly, the excess surface free energy represents the part
of the free energy of the system resutling from the units located at the surface.

• Specific excess surface free energy = excess surface free energy per unit area (mJ/m2)

• Atoms or molecules at a surface will experience a net positive inward (i.e., into the bulk phase)  
attraction normal to the surface, the resultant of which will be a state of lateral tension along the 
surface;  the ‘‘surface tension’’.

Surface Free Energy
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Cohesion and Adhesion

Cohesion: when new surface is formed 
by dividing a homogeneous material, a 
certain amount of work is required. 
Work of adhesion: Wc = 2 σ

Adhesion: If the new surface results 
from the separation of two different 
materials, the resulting work of 
adhesion is given by Wa = σ1 + σ2 - σ12
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Forces between Atoms, Ions and Molecules
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Wetting Behaviour – A Qualitative Look

The phenomenon of the contact angle can be explained as a 

balance between the force with which the molecules of the liquid

(in the drop) are being attracted to each other(a cohesive force) 

and the attraction of the liquid molecules for the molecules that

make up the surface (an adhesive force).

complete wetting 
(uniform film)

θ = 0°

liquid forms convex lens
0° > θ > 90 °

complete dewetting
θ > 90°
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Parameters for Surface Characterization

Topography Surface chemistry

Compositional
heterogeneities

Crystalline vs.
amorphous surfaces

Ch. 1, Buddy D. Ratner, A. S. Hoffman, Frederick J. Schoen, J. E. Lemonds, Biomaterials Science, 2nd edition (Wiley)
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Overview of Surface Characterization Techniques
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