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Fig. 1. Schematic of a polyelectrolyte brush immersed in a

nanoparticle solution.
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Fig. 2. Dependence of brush thickness h on the ratio of the
concentrations of counterions dissociated from the grafted
chains and that dissociated from the nanoparticles. The in-
dicated Z is the quantity of the charge beard by the nano-
particle.
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Fig. 3. The scaling-type diagram of a polyelectrolyte brush

loaded with nanoparticles.
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Abstract

Nanoparticles can be used to tune the properties of polyelectrolyte brushes, and polyelectrolyte brushes can
be used to control the interaction between nanoparticles and substrates. In the present paper, we investigate the
polyelectrolyte brushes immersed in a nanoparticle solution within the analytical strong-stretching theoretical
framework. The theoretical model does not take the excluded volume interaction between any two components
into account. When there is no nanoparticle loaded, the polyelectrolyte brush is assumed to be an osmotic
brush. Local electroneutral approximation is assumed to be still valid after the nanoparticles have been loaded.
The loaded nanoparticles are not big enough to deform the grafted polyelectrolyte chains laterally. Analytical
formulae for density profiles of each component and brush thickness are derived. The loaded nanoparticles
always compress the polyelectrolyte brush. By analyzing the limiting case, a scaling-type diagram for behaviors
of the nanoparticle-loading polyelectrolyte brush is constructed. Two characteristic nanoparticle controlling
regimes are shown. When the charge of the nanoparticle, Z, is not very large, charged nanoparticles penetrate
into the brush and the brush thickness is scaled by H ~ (Z#)"'/3, where & is the nanoparticle volume fraction.
When the nanoparticle charge Z is large enough, nanoparticles are mainly distributed outside the brush and the
brush thickness is scaled by H ~ (Z&)~'. In the former case, the Coulombic repulsion between the grafted
polyelectrolyte chains is screened by the counterions and the nanoparticles, and the brush behavior is
determined by the balance between the chain elasticity and the osmotic pressure of the counterions and the
nanoparticles. In the latter case, the electrostatic screening is executed by the counterions, and the chain
elasticity is balanced by the osmotic pressure of the counterions. The two regimes are divided into subregimes
which are dominated respectively by electrostatic or mnon-electrostatic interaction. The effects of size
polydispersity of the nanoparticles are also investigated. It is found that the behaviors of the grafted
polyelectrolyte chains are mainly determined by the ratio between the first two moments of the nanoparticle
size distribution function. The polyelectrolyte brush is compressed more by the polydispere nanoparticles than

by the monodisperse ones. Possible improvement in the present theory is discussed in the conclusion section.

Keywords: polyelectrolyte brush, strong-stretching theory, scaling theory, nanoparticle

PACS: 82.35.Rs, 82.70.Dd, 82.35.Np DOI: 10.7498/aps.69.20200432

* Project supported by China Earthquake Administration (Grant No. 20150112) and the National Natural Science Foundation
of China (Grant No. 21504014).

1 Corresponding author. E-mail: qulijian@cidp.edu.cn

148201-8


http://doi.org/10.7498/aps.69.20200432
http://doi.org/10.7498/aps.69.20200432
mailto:qulijian@cidp.edu.cn
mailto:qulijian@cidp.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

