Combinatorial appreach to the proklen of
interfacial interactions via gradient polymer
prushes

m _,11 }\ g ‘{-F"? e e e e s
-r r wnl m ,wnl m ,wnl m wn‘r e L
i U NIVERSI T 'l' Ahu.. Ahu.. Ahu.. A._u.. SoeREL Ll e rﬁu SELS
HEERAR T

iy

SRR i
P e

R..m Ll e -#r# ;:R" 'R-n'ﬂ'.:-
y.il-.i.u.l___hﬂ‘“ Y AT

e e -..E -..E :
nﬁr‘ﬁmaf}%:ﬁﬁa‘ﬁ”ﬁ:ﬁﬁa% i m:r,l: e

jﬂ* Sergly Mlnko

:. % Departments of Chemistry
i Clarkson University,
r’" 8 Clarkson Ave, Potsdam, New
2 York 13699-5810
"? (315) 268-2389 (voice),
- ; (315) 268-6610 (fax),
‘-'"7 e mall smlnko@clarkson edu




Motivations:
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~ Motivations:
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Motlvatioﬂs
-Preuse regulation of mteractlons
Responsive interactions
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APP]icationS:

Smart responsive materials and devices from drug
delivery systems to construction materials
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What is polymer brush?

End-tethered polymer chains
Af=fi /o

' where R, N a (chain dimension),
- a-size of the monomer,
? \? | fo= kTvN(No/h),
d where o =1/d? (grafting density)

h =~ N(voa?)?;
f=kTN(voa1)?3,



Why polymer brushes?

1. Ability to regulate interaction due to the stretching of the
polymer chains — not possible with low molecular weight
surfactants.

2. Well defined architecture of the interfacial layers — not the case
for adsorbed, randomly grafted, or LBL deposited polymers

tail

i

I |
Schematic - illustration of end tethered polymer Y Y Y
chains forming brush-like layer - well defined
architecture |

Schematic illustration of the polymer chain grafted
via side functional groups. Loops and tails behave
similar to polymer brush — less defined architecture




PROPERTIES: interaction with solvent

Different concentration regimes for tethered polymers

Mushroom Pancake Pinned micelle
Good solvent Poor solvent Poor solvent
» BRUSH

Graftingdensity



PROPERTIES: interaction with solvent

Good solvent
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PROPERTIES: interaction with solvent

Ajisuap buiyelis

good solvent

poor solvent

Polymer brush properties as function of solvent quality and

grafting density _
A — stretched brush regime

B- pined micelles regime

C- collapsed brush regime



PROPERTIES: interaction with solvent
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Height of the brush layer, scaled by the bulk radius of gyration of the chain in
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Phys. 1996, 94, 165-260.



Diver’sity of p’olymer brushes:
- polyelectrolyte brushes

i @ ionizable group
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Diversity of polymer brushes:

bendin compactin
’ Ql | P )9

— L
contraction coiling

Molecular brushes

Boyce, J. R.; Sun, F. C.; Sheiko, S. "Stimuli-responsive brush-like
macromolecules”, In Responsive polymer materials: design and applications; Minko,
S., Ed.; Blackwell Publishing Professional: Ames, 2006; pp 1-21
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- Complex polymer brushes:
- Mixed polymer brushes

brush of two incompatible |
polymers in a common solvent

chains avoid energetically unfavorable
contacts and pay entropic penalty

Phys. Rev. Lett. 2002, 88, 3, 035502



Complex polymer brushes:

Macromolecules; 2003; 36(19); 7268-7279.



Switching/adaptive properties of mixed polymer brushes

Langmuir, 2002,
18, 289-296
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~ Complex polymer brushes:
 Mixed polyelectrolyte brushes

pH<IP

@ @ ionizable groups
complex

é © charged groups

© @ counterions

MaCrorhoIec_uIes_ZOOS, 36(16),_'5897-5901



~ Complex polymer brushes:
- Block-copolymer brushes

grafted by the more soluble block (A)
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- Complex interactions — mimicking
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SYNTHESIS

XPS of epoxy-silane
on Si-wafer

FTIR-ATR of epoxy-
silane on: Si-wafer
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SYNTHESIS: grafting from
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SYNTHESIS: grafting to

Thickness [A]

Langmuir 2002, 18(1), 289-296.
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Gradient mixed brush
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Gradient mixed brush R,
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GRADIENT:

.......... . SWITCHING ON
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Macromolecules 2004, 37(19), 7421-7423.



7o PBA

Inverse and Reversible Switching Gradient Surfaces from Mixed
Polyelectrolyte Brushes
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> EXAMPLES:
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Separation of emulsions:
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advancing contact angle, °

EXAMPLES: Chemical gates
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Capillary Rise

l 'll l Laplace equation for capillary

rise
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CONCLUSIONS

. Gradlent brushes of complex composmons aIIow for a
precise regulatlon of |nterfaC|aI mteractlons

«Combinatorial approach is very important for the
optimization of the brush composition. Theoretlcal
predictions are limited by simple systems.

» Wetting experiments, adsorption, separation, selection,
sensing, and dispensing small volumes of liquids could be
used to collect the data about interfacial interactions.
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