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What is a polymer brush?

Chain Length

Graft density
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substrate. Due to this reason, among others, covalent grafting of polymer brushes was the selected method
for the brush growth of this work, and will be described with detail in the following section.
Grafting to- and grafting from- methods

How to prepare such brushes?

During “grafting to-” methods, a pre-synthesised and end-functionalized polymer chain reacts with a suitable
substrate, as represented in Figure 2.5b. This reaction only occurs under optimized conditions, so the
polymer chains react covalently with the anchoring points present on the substrate. With this approach it is
possible to obtain end-functionalized polymers with a narrow molecular weight distribution (MWD). Since
the polymer chains are already pre-synthesised, there is choice regarding how those are grown, being living
anionic, cationic or radical polymerization some of the options one can choose from. The largest drawback
of this technique is that lower grafting densities are obtained in comparison to “grafting from-” methods.
This is due to the steric repulsion existing between polymer chains, that would hamper their binding to
the substrate when the distance between polymer chains is very small. The macromolecular chains di↵use
through the already existing polymer chains and reach the reactive sites located on the substrate in order to
create new chains. There is an energetic barrier that has to be overcome, which increases as the number of
already anchored chains on the substrate increases. This is why grafting densities become even lower when
the used polymer chains have a larger size [63, 64].

Figure 2.5: Polymer brush grafting methods, where a) shows a physisorption process, b) “grafting to”- and
c) “grafting from-” methods. Initiator molecules are represented with (blue) spheres and monomer units
with smaller (gray) spheres.
The “grafting from-” approach overcomes the drawbacks from the “grafting to-” techniques, being the
most used method nowadays. With this technique it is possible to obtain thick polymer brushes with high
grafting densities. Initiator molecules are first immobilized on the surface prior to the polymerization step
(blue spheres in Figure 2.5c). Next, polymer brushes are grown from those initiators by the attachment of
monomer units (gray spheres) by means of surface initiated polymerization techniques. The main drawback
of this synthetic approach is the difficulty of experimental performance and characterization of the obtained
brushes.
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Polymer brushes for gas separations

Bruening et al. Langmuir 2008, 24, 7663–767

Pizzoccaro-Zilamy et al., Industrial & Engineering
Chemistry Research 2018, 57, 16027–1604
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Polymer brushes for sensing

(a) The swelling response as measured by SE of the dense brush ( = 0.1
R. J. Horst, M. Brió Pérez, et al., Langmuir 36 12053–12060 (2020)
) after exposure to acetone vapor at t = 0 and to dry nitrogen gas at t = 53
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Polymer Brushes in Contact with Air / Vapors

Guido Ritsema van Eck
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Summary Brushes in Liquid
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poor solvent

solvent

Summary Brushes in Liquid
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Brushes in Air are Different
At 100% relative humidity
there is only 2 wt. % water in the air
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Three component system

Brushes in Contact with Vapors
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where z is the coordination number of the lattice, T is

with S being the entropy, n the number of molecules of a given s

Brushes in Contact
withandVapors
a given species,
subscripts s and p denoting solvent and poly

energetic eﬀect of forming a single solvent-polymer contac
and polymer-polymer contacts, meaning that

np represents the number of polymer chains, and so the numbe

1
is np N , with N the degree of polymerization.
The
energetic
eﬀe
W = ✏ps + (✏ss + ✏pp
)
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defining an interaction parameter
zW
kB T

under the assumption that the spacing
= of the
, Flory-Hugg
by the minimum of the Lennard-Jones potential. Hence,

where z is the coordination number of the lattice, T is the t

enthalpically favorable, although entropy-driven mixing ma

energetic eﬀect of forming a single solvent-polymer contact by

We will refer to W as the relative aﬃnity between polymer

and polymer-polymer
contacts, meaning
that assumption for the
Using the aforementioned
mean-field
tions, this results in an energetic contribution of
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vapor. We outline a procedure for determining Psat of the simulated vapor in the Sup-

Comparison
to
Theory
determined by

porting Information, Section 1. Hence, the equilibrium absorption behavior of the brush is
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From this, we obtain dependencies of the brush swelling on several parameters. The absence
of explicit dependencies on the individual interaction energies ✏ss , ✏pp and ✏ps indicates that
we may expect identical sorption behavior for any combination of interaction energies that
results in a given value of . It should be noted that this is reliant on the assumption that the
system density and coordination number remain constant with this variation of interaction
energies, however.
Since Flory-Huggins-derived models are primarily concerned with bulk composition, we
may expect the greatest deviation from conventional theory at the brush-vapor interface.
Both the structure and composition of the interface are not easily predicted. However, by
G. C. Ritsema van Eck, L. B. Veldscholte, et al., Macromolecules 53 8428–8437 (2020)
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Summary
• Polymer brush coatings behave different in air then in liquid
• The Flory Huggins theory can be employed to describe vapor
aborption in brushes
• The correct brush-design can lead to collaborative effects and
enhanced gas-sorption
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Thank you!
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