Depletion Layer near a Wall in Polyelectrolyte Solutions
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It has been well known that an addition of a small amount of neutral polymers to colloidal
suspensions yields an attractive interaction between particles. The attractive interaction comes
from the depletion layer of polymers near the colloidal particles [1]. In many food and bio-
logical colloidal systems, water soluble polymers are polyelectrolytes. However the interaction
between neutral colloidal particles in polyelectrolyte solutions has not been explored in depth
yet. Therefore, it is quite important to know the detail profile of polyelectrolyte concentration
near a colloidal particle. In this work, we focus on the concentration profile of polyelectrolytes

near a neutral colloidal particle.
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Figure 1: Schematic view of the system that we consider in this work.

Now we consider a polyelectrolyte solution near a neutral colloidal particle as shown in Fig.
1. The solution is composed of a solvent, polymers having negative charges and dissociated
positive counter ions from polymers. Since we consider a following situation that the polymer
concentration C (= ¢p/a®, ¢, and a being the volume fraction of polymer and the monomer
size) is much lower than overlap concentration C*, (C <« C*) and the gyration radius of polymer

chain Rg is much less than the radius R of a neutral colloidal particle (Rg < R), the surface
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of colloidal particle can be regarded as a flat neutral wall for a polymer chain. In our modeling
of polyelectrolyte, each monomer of polymer carries a fraction p of a charge e. In order to
investigate statistical properties of such a polyelectrolyte solution, self-consistent field theory
(SCFT) is quite effective. The details of the equations and calculation method can be seen in
the paper by Q. Wang [2].

By using the SCFT method, we calculated the concentration profile of polymer segment in
polyelectrolyte solution near a neutral flat wall. In Fig.2(a), we show a concentration profile in a
typical polyelectrolyte solution system where the bulk concentration ¢ is 1.0 x 107%, N = 1000
and 7 = ¢g/a = 1, £ being the Bjerrum length. We found that the depletion thickness dpg
decreases as the degree of dissociation p becomes larger. In addition to this, the profile of
concentration for higher values of p has a small hillock at the end of depletion layer. The hill of

the concentration originates from the formation of electric bilayer at the end of depletion layer,

see Fig.2.
(a) Concentration Profile (N=1000, =1, SCFT) (b) Total Charge Density (N=1000, =1, SCFT)
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Figure 2: (a) Concentration profiles and (b) Total charge density profile for degree of dissociation
of ion from a polymer chain p = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5.
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