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Protein Resistant Surfaces
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Ethylene Glycol (EG) Terminated Alkanethiols: EGn-OR
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Ethylene Glycol Films: Mechanisms of Protein Repulsion

Steric Repulsion
• dehydration

• loss of conformational 
freedom

Protective
Water Layer?

• firmly bound?

• different structure?

Electrostatic Repulsion?
• exponentially decaying

force (measured by AFM)

• scales with Debye length

PEG

Jeon et al., J. Colloid Interf. 
Sci., 142 (1991) 149

Israelachvili et al., Nature, 
379 (1996) 219

Feldman et al., JACS, 
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Neutron Reflectometry at SAM/Liquid Interfaces: Schematic
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(schematic):
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Neutron Reflectometry: Interface EG3-OMe/Water

Experimental data
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EG3-OMe: Temperature Dependence of Protein Resistance

Temperature [°C]
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EG3-OMe: Temperature Dependence of Protein Resistance

EG3-OMe loses its protein resistant properties 
below 12°C!

Does the interfacial water layer vanish 
at low temperatures?



Interface EG3-OMe/Water: Temperature Dependence
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OEG: Interfacial Water Layer and Protein Resistance

The observed interfacial water layer

does not seem to be

the relevant physicochemical parameter

for rendering OEG surfaces protein resistant!



Interfacial Water Layer: Effects of Hydrophobicity

EG3-OH and EG6-OH (hydrophilic):

• Protein resistant

• Negligible interfacial water layer

Octadecanethiol, C18 (hydrophobic):

• Protein adsorbing

• Interfacial water layer (2 boxes needed for fitting):

21 Å, 9% of bulk water density
48 Å, 88% of bulk water density



Ethylene Glycol Films: Mechanisms of Protein Repulsion

Steric Repulsion
• dehydration

• loss of conformational 
freedom
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EG3-OMe: Force/Distance Measurements by AFM

Repulsive force scales with the 
Debye length of the solution

Consistent with electrostatic 
interactions

F(z) = A·e-z/z0

A = 0.82 nN
z0 = 18.6 nm

Feldman et al., JACS, 
121 (1999) 10134
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Temperature Dependence of Protein Resistance

Adsorbed fibrinogen tends to unfold!

Do native proteins in their natural 
environment experience the same forces?

Protein depleted layer in the 
vicinity of the SAM!

Protein used: Bovine Serum Albumin, BSA (excellent solubility in water)



Neutron Reflectometry at SAM/Liquid Interfaces: Schematic
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EG3-OMe in Contact with Protein Solutions
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Protein Depletion Layer
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Open Questions

Differences due to

• Different proteins used (BSA vs. fibrinogen)?

• Problems in defining surface contact (z0 = 0) in the AFM 
measurements?

• Calibration?

• Effects of high protein content (electrolytes of large asymmetry, 
like proteins, exhibit markedly shorter decay length)?
T. Nylander et al., J. Coll. Interf. Sci., 164 (1994) 136

• Unfolded vs. native proteins?

Needed: Improved sensitivity at the SAM/liquid Interface



Reflectivity Profiles without Contrast Matching
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Summary

• Neutron reflectivity measurements reveal the presence of a density-
reduced interfacial water layer in the vicinity of EG3-OMe SAMs

• The protein resistant properties of EG3-OMe cannot be attributed to 
this interfacial water layer

• In first experiments, the strength and range of protein repulsion has 
been determined for dissolved molecules in their native environment

• Improved sensitivity to the SAM/liquid interface by contrast matched 
films
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Protein Resistance and Packing Density

Herrwerth et al., J. Am. Soc. Am. 125 (2003) 9359



Protein Resistance and Hydrophobicity

Herrwerth et al., J. Am. Soc. Am. 125 (2003) 9359



J.W.G. Tyrrell and P. Attard
Phys. Rev. Lett. 87 (2001) 17

Images of Nanobubbles on Hydrophobic 
Surfaces and Their Interactions 

„Imaging of hydrophobic surfaces in water with 
tapping mode AFM reveals them to be covered 
with soft domains, apparently nanobubbles that 
are close packed and irregular in cross section, 
having a radius of curvature of the order  of 
100 nm and a height above the substrate of 
20-30 nm. …“

Water in Contact with Hydrophobic Surfaces: Nanobubbles



Perdeuterated Polystyrene in Contact with Water 

Steitz et al., 
Langmuir, 

19 (2003) 2409

Experimental data
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Visualization of the d-PS/Water Interface by AFM

500 nm

Bubble height: 20 nm, radius of curvature ~ 50 nm



Modeling the Concentration Profile
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Ethylene Glycol (EG) Terminated Alkanethiols: EGn-OR
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Perdeuterated Polystyrene in Contact with Air and Water 

Depletion Layer: 20 – 50 Å, 88 – 94% bulk D2O density
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