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Different than neutral brush due to chain-counterion complex nature

f is charge fraction of chain, z valency, N number of segments, H brush
height, T counterion cloud thickness and X normalized grafting density
Ideal as stimuli-responsive surfaces because

structure is hyper-dependent on environmental cues
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Charged Soft Matter as “Smart” Surfaces
Polyelectrolyte Brushes

Different than neutral brush due to chain-counterion complex nature ;

f is charge fraction of chain, z valency, N number of segments, H brush
height, T counterion cloud thickness and X~ normalized grafting density

Ideal as stimuli-responsive surfaces because
structure is hyper-dependent on environmental cues

High Salt Brush

® Salt screens electrostatics so
brush is effectively
electro-neutral

® Screening inverse to salt
concentration

e H~ N

e H~Y1/3
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Charged Soft Matter as “Smart” Surfaces
Polyelectrolyte Brushes

® Different than neutral brush due to chain-counterion complex nature

® { is charge fraction of chain, z valency, N number of segments, H brush
height, T counterion cloud thickness and ¥ normalized grafting density

® |deal as stimuli-responsive surfaces because
structure is hyper-dependent on environmental cues

PinCUS Brush (weakly charged)

® Brush is like a thin charged film
and counterion cloud is
attracted to it
o T ~[EN]?!
® H ~ N3 — strong

dependence
o H~ Y
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Modeling the separation of macromolecules: A review of current computer simulation methods

u Ottawa Electrophoresis, 30: 792-818, 2009.
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S - =0.0136
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: s ® High Grafting Density:
L > =111

o~ Modeling the separation of macromolecules: A review of current computer simulation methods
rs r Electrophoresis, 30: 792-818, 2009.
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Low Grafting Density
Monomer/Counterion Distributions — Low Fields

Monomer density distribution Counterion density distribution

1.6 | 2=0.0139

4 |E|=0.005
1.2

L10 Log, (™)

Low Grafting
Density

F0.8 e -1.00

L0.6 -2.00

t L0.4 -3.00
-4.00

R - I -~
T T T T 0.0 -6.00

. :
10 20 30 40 50 60 O 10 20 30 40 50 60
x/R x/R
9.0 9.0

® Counterion distribution corresponds to monomer distribution
® Not perfectly electroneutral — background probability

® | ow grafting density brush not quite ideal osmotic brush
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In weak field limit, 82% of
counterions confined to brush
region (z < Zmax)
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InkwaalfisldilimitRE2 % of: ® 56% condensed (closer than Ag to a chain)
counterions confined to brush ® Manning theory for free chain predicts
region (z < Zmax) Xion = 1 — bo/Ag = 61%
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In weak field limit, 82% of ® 56% condensed (closer than Ag to a chain)
counterions confined to brush ® Manning theory for free chain predicts
region (z < Zmax) Xion = 1 — bo/Ag = 61%

Although not perfect, screening is effective for fields < [E*| ~ 0.02
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Low Grafting Density
Counterion Confinement and Condensation

1.0 ot . . ;i
1.00 - 091
0.8] [
0.954 E 0.7 [
0.6 [
§ 0.904 4 . 0.54 [
< 04 L
0.85- , 0.3] [
0.2] [
0.801 b 017 s 500139 r
0.75 e 10 10° 10° 10
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field intensity |E|
. o a () 0, .
In weak field limit, 82% of 56% condensed (closer than Ag to a chain)
counterions confined to brush ® Manning theory for free chain predicts
region (z < Zmax) Xion =1 — bo/Ag = 61%

Although not perfect, screening is effective for fields < [E*| ~ 0.02
® \When |E| < |E* |, counterion and monomer distributions correspond

® When |E| 2 }E* | counterions forced down thus superimposing exponential /Boltzmann distribution

® When |E| > |E* |, positive monomers hardly perturb exponential distribution
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Low Grafting Density
Critical Field

Scaling Argument

Chain stretches once energy gained by
moving charge a characteristic distance,
0, is greater than kg T

Eel ~ kT  —  E*~ 221
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Low Grafting Density
Critical Field

Scaling Argument

Chain stretches once energy gained by
moving charge a characteristic distance,
0, is greater than kg T

kg T 1
E*el ~ kg T - E*~ Bl C

e ¢

But what is the characteristic distance?

uOttawa




Stimuli-
Responsive
Materials

Polyelectrolyte
Brushes

Perpendicular
Fields
Simulations

Low Grafting
Density
Intermediate
Grafting
Density

High Grafting
Density

Conclusion
Potential
Applications of
Bifurcating
Brushes

Recapitulation

Low Grafting Density
Critical Field

Scaling Argument

Chain stretches once energy gained by
moving charge a characteristic distance,
0, is greater than kg T

kg T 1
E*el ~ kg T - E*~ Bl C

e ¢
But what is the characteristic distance?

® |n mean-field sense, £ is average
distance between charges

_1\1/3
Z~<H7\’Igl)/
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Low Grafting Density

Critical Field

Scaling Result

g kT (La)/

e H

513

® IfH=H(X) (as
observed) then
E* ~ 20.341.

[E*| 0.1

0.01
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Structure of polyelectrolyte brushes subject to normal electric fields
. s Langmuir, 29(7): 2359-2370, 2013.
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Intermediate Grafting Density
Monomer/Counterion Distributions — Low Fields

Monomer density distribution ~ Counterion density distribution

Intermediate
Grafting
Density

® At intermediate densities brush is closer to ideally osmotic

® Most (97% in zero field) counterions reside within brush

® More homogeneous and effectively electroneutral
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® At intermediate densities brush is closer to ideally osmotic
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® Most (97% in zero field) counterions reside within brush

® More homogeneous and effectively electroneutral
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’ Monomer density distribution

Materials
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Simulations |E| 0
Low Grafting

\)rvw.\ e Log10(6mon)

IGntefrmediate 100
rafting B

Density -

High Graftin 0

Density 100

Conclusion 2'00

Potential T

A c s of

B -3.00
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Recapitulation -4.00

® The population bifurcates into

® few unstretched chains
® many highly stretched chains
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e Why does bifurcation occur at |[E**|?
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Intermediate Grafting Density
Critical Field

Scaling Argument

Second critical field |E**| is the minimum for which Fgjectro = ZgE on segment
that has fluctuated out of the protective counterion cloud is greater than the
elastic restoring force Fypring = H/Na2

H
Z E** P
q Na?

1/2
E** 3 ( ] ) = const.

o = ([
ga \ 23

since H ~ Na(f/z)!/? in an osmotic brush.
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pmer . Critical Field

Materials
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Simulations Second critical field |E**| is the minimum for which Fgjectro = ZgE on segment
v o that has fluctuated out of the protective counterion cloud is greater than the
Intermediate elastic restoring force Fypring = H/ Na?
Grafting
Density
High Grafting
Density
* %

i zqgE™* ~ —

Conclusion NaZ

Potential
Applications of
ifu

B . 1 7/ F\1/2
Srushes E** ~ — (—3) = const.
Recapitulation ga \ z

since H ~ Na(f/z)!/? in an osmotic brush.

® E** is not predicted to scale with X,
nor N
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