Internal Structure & Charge Compensation of Polyelectrolyte Multilayers

1. Introduction

Polyelectrolytes (PE) are charged
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* Simple, fast, cheap

* Self-healing

* Versatile

v Synthetic PE: conducting &
light-emitting polymers,
reactive polymers, polymeric
complexes, polymeric dyes, ...

v Natural PE: DNA, RNA,
proteins, viruses, ...

¥ Charged nano-particles and
platelets, ...

Potential Applications

surface modification, enzyme
immobilization, gene transfection,
separation membranes, conducting or
light-emitting devices, batterics,
optical data storage, controlled
particle and catalyst preparation, etc.

Mechanics

Peyratout and Dahne, Angew.
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Why Layer-by-Layer Assembly ?
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2. Theoretical Formalism

Model System for PE Adsorption
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1
o solvent molecule (S)
« cation (+)

+ anion (-)

Photochemistry

* Monovalent, 1D system

« Tons from salt = counterions from PE
and substrate

« Tons have no volume

* Polymer segments have the same
density p, as solvent molecules

« All polymer segments have the same
statistical segment length a

Parameters in the model:

ogp  substrate charge density;

vp  charge valency of PE;

pp  degree of ionization of PE;

Jpp Flory-Huggins parameter
between polymer segments;

Zps Flory-Huggins parameter
between polymers and solvent;

@5, bulk polymer concentration;

c,; bulk salt concentration;

£=80 dielectric constant.
Quantities to be solved:
y(x)  electrostatic potential (in
units of k,T/e);

polymer segmental density.
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Knowledde to Go Places

Sequential Layer-by-Layer (LbL) Assembly

Adsorption of A from its bulk solution, in the presence of 1 & 2
of which the density profiles are fixed; A=1 for odd layer i and 2
for even i. A washing step follows each deposition and slightly
modifies ¢#,(x) to ¢, (x). ¢(x) and B(x) to be used in the
(i+1)" deposition are then accumulated from ¢, ,(x) for all j<i.

Equilibrium Adsorption of PE Mixtures (1+2/S)
Adsorption of PE mixtures (1 & 2) from a bulk solution.
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All length> are normalized by \/N/6a. In[1-p, + pe ] for annealed charge distrubtion (weakly dissociating PE)

3. Multilayers of Strongly Dissociating PE

3.1. Symmetric PE

Layer Profiles
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Default values: og=0.1 (2.61 mC/m?), vi=—1, v,=1, pp=0.5, yps=1, 71,=0, ¢;=0.05 (0.667 M),
$5,=7.5>X10~* (10 mM); numbers in parentheses are based on a=0.5 nm, pj=a>, and 7=300 K.

4. Multilayers of Weakly Dissociating PE

Three-Zone Structure
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Charge Inversion & Film Growth
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3.2. Asymmetric PE First Layer Charge Fractions of Annealed PE
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observed in experiments. Further work to refine the modeling and to
compare with experimental results is undergoing.

* Q. Wang, T. Taniguchi, and G. H. Fredrickson, J. Phys. Chem. B, 108, 6733 (2004);
109, 9855 (2005).



