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Self -Assembling Polymers:   DNA and Proteins are Natureõs solution 
to sense, signal, convey information, and build materials large & small 

Bio Materials are ôsmart õ, ôgreenõ (aqueous), cheap, and SUPERIOR

Research approaches can be: Bio-derived, Bio -produced, Bio-inspired

Challenges ?  working in water , complex behaviour, self -assembly

Applied Biopolymers  (mimicking Mother Nature)



Self -Assembly of Poly electrolytes : 

towards engineering bio -compatible 
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The GOAL is to coat surfaces of implants, so that they 
donõt suffer rejectionðcontact lenses, sutures, diagnostic 
probes, drain pipes, stents, artificial limbs, bone grafts, 
tissue scaffolds, dentistry, hips, plates, pins, organsé 

The DARK ages:  wash it really well and hope for the best.

The ENLIGHTENMENT: tailor the chemistry somewhat
( we like to work with metals, inorganics, hard plasticsé)
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The GOAL is to coat surfaces of implants, so that they 
donõt suffer rejectionðcontact lenses, sutures, diagnostic 
probes, drain pipes, stents, artificial limbs, bone grafts, 
tissue scaffolds, dentistry, hips, plates, pins, organsé 

The FUTURE: itõs more than just Chemistryðcharge, 
surface ions, protein adsorption/resistance, water content, 
physical morphology are all important and need tailoringé 

REQUIREMENTS are: tunable chemistry, hydrophilicity, 
thermodynamic minimum, stable layers, time stability, 
controlled water content, ion content, modulus, application 
to various geometries.



Polyelectrolytes for Adsorption :

poly cation

(PAH +)

poly anion

(PAA - )

pK ~ 9.5

MW ~ 70K
pK ~ 5.5

MW ~ 90K

PAH + PAA -

rinse

rinse

cleaned glass, Si, aluminum . . .

~ 10 min ~ 10 min

Surfaces :

Multilayers :
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Polyelectyrolyte Multilayers :

Polyelectrolytes can readily incorporate any secondary function :

for specific chemistry, and to hold water and ions . . .

Decher, Thin Solid Films 1992,    Science 1997    Rubner, Macromolecules 1995

Layering is reproducible  

Adsorption is irreversible

Films are stable, and

Surface coverage is good

Thin Film formation is:  easy,  cheap,  robust,  clean,  and versatile ... 
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Advantage #1: Versatility of Adsorption Geometry

2) Spinning on a surface

3) Flow through cell

To 
demonstrate 
suitability to 

confined 
dimensions.

1) Dipping

Layering on 10nm SiO2 

colloid demonstrates 
suitability to high 

curvature surfaces.

TEM image of a layered colloid

flat                 spherical



Advantage Number 3:
the layer thickness depends 

strongly on pH of assembly:

and coils are oddly stretched:

FCHARGE º 0.01       0.1       0.5      0.9      0.99

FCHARGE ~ 0.6 FCHARGE ~ 0.8
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Challenges for the Study of Polyelectrolyte Multilayers:

1)  New  theoretical approaches are required :

adsorption is irreversible, layer properties not necess. in equilibrium

2)  New  experimental techniques are required :

dried layer structure is not necess. the same as the in situ structure

Dry Wet

(in situ)



Now the óstickyô experimental 

question:

The biocompatible properties of these self -assembled

layers depend STRONGLY on the film morphology:.

a) SWELLING,    b) ELASTICITY,   and c) CHARGE



Using in situ ellipsometry to 
measure layer thickness :

dry sample
sample in liquid cell

We can observe  

the polymer swelling 

in real time as 

water is added :

Assembly pH 3.5, 25 Bilayers, MilliQ Bath pH 4.0, 45% R.H. 
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in situ ellipsometry :

but they DONõT seem to care about solution properties like pH or [ion] :

Layer =

We can then compare   wet 

and dry thickness :

layers can swell substantially



Using in situ ellipsometry to 
measure layer thickness :

dry sample
sample in liquid cell
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The mechanism for the     

swelling can now be     

determined as CASE II+ (n ²1, 

not Fickian n = ½),  and the 

swelling depends strongly on the 

assembly pH, and humidity      

(not environment)

)exp(1 2tkA
M

Mt
--=

¤

)exp(1 2tkA
M

Mt
--=

¤



Layer swelling cares greatly about the assembly pH, and the humidity :

PAA/PAH in bath pH 4.0, eqôd in ambient relative humidity of 45%

MilliQ Bath pH 4.0, 45% R.H.
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Layer swelling cares greatly about the assembly pH, and the humidity :

Exactly the same layers (PAA/PAH25 made at pH 3.5, in bath pH 4.0), but:

eqôd at 23% humidityand at 45% humidity

Assembly pH 3.5, 25 Bilayers, MilliQ Bath pH  4.0, ~ 23 % R.H. 
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Ellipsometry can only measure average density however,
but, we can use variable angle neutron reflectivity :

dry sample
sample in liquid cell

We can now observe a gradient polymer swelling profile (after fitting):

sample in liquid cell
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Humidity-Swollen Multilayer

Å11% RH (D2O vapor)
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Humidity-Swollen Multilayer

Ådecrease in film roughness

ÅWater contribution is greater on top
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ñInvisibleò Humidity

ÅA mix of 92:8 H2O:D2O has SLD = 0.00 (ñinvisibleò), 

allowing deconvolution of film and water SLD

ÅWater localized to surface
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Density Distribution

ÅBy assuming an association stoichiometry (but no 

counterions), exact densities can be calculated

ÅWater localized to surface
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Force-Distance Curves obtained by AFM

Elastic Deformation of a sphere touching
a flat surface under load (k = 0.12 N/m)

We measure d.   Knowing R (tip radius) and s(poisson ratio ~0.5) we can 

solve for the Youngõs Modulus (E), which is related to ôcrosslinkõ density 
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Relative Elasticity of PAH/P -Azo films
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pH = 5, 7 exhibit an 
elastic modulus 50x  
that of films made        
at pH = 9, 10.5

Sample Elastic Crosslink Density % Relative Relative Average

pH Modulus, E (kPa) [r/M c] in mol/m
3

Crosslink Density Loop Length Adhesion (nN)

5 6500 ± 900 870 100 1 6.7 ± 2.3 

7 1800 ± 1100 240 28 4

9 120 ± 60 17 2 50 0.48 ± 0.34

10.5 170 ± 40 23 3 33

Sample Elastic Crosslink Density % Relative Relative Average

pH Modulus, E (kPa) [r/M c] in mol/m
3

Crosslink Density Loop Length Adhesion (nN)

5 6500 ± 900 870 100 1 6.7 ± 2.3 

7 1800 ± 1100 240 28 4

9 120 ± 60 17 2 50 0.48 ± 0.34

10.5 170 ± 40 23 3 33

assembly
pH = 5, 7
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ÅPAH/P-Azo coated tip 

indented into PAH/P -Azo 

layers on glass (400nm)

Bare Silicon 
Nitride AFM tip

tip coated with 
thin layers pH 5

tip coated with 
thick layers pH 9

Measuring Adhesion in Multilayer Films


