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wavelengths for nanoscale interfacial analysis 

m mm mm nm 

100 10-3 10-6 10-9 

optical microscopy eyeballs 

AFM 

electron microcopy 

XRR & NR 
SAXS & SANS 

• cold neutrons: 
 

 - wavelength = 0.2-3 nm 
 

 - ideal probe for nanoscale interfacial structures 
diffraction 



INSTITUT MAX VON LAUE - PAUL LANGEVIN 

techniques for nanoscale interfacial analysis 

• neutron reflectometry: 
 

 – contrast from isotopic labelling 
 

 – specular  structure & composition 
 

 – off-specular  lateral morphology 
     
• ellipsometry: 
 

 – precision, sensitivity & fast kinetics 
 

 – calibration to real physical parameters 

• other techniques: 
 

 – surface tensiometry 
 

 – Brewster angle microscopy 
 

 – infrared reflectometry etc. 
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fluid interfaces grazing angles reflectometer 

• figaro stats: 
 

 - world-leading instrument from 2009 
 

 - flux at sample: 4 x 102 n mm-2 s-1  
 

 - large beam size: 0.5-5 mm x 40 mm 
 

 - flexible resolution: 1-10% dq/q 
 

 - dozens of publications: www.ill.eu 

• figaro examples: 
 

 - polymer film structure 
 

 - nanoparticle interactions  
 

 - dna & protein studies 
 

 - solvent drying in glues & paints 
 

 - rheology of polymer blends 
 

 - detergency & formulation mechanisms 

ILL’s powerful & stable reactor 

beautifully set in Grenoble 
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figaro sample environments 
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example of air/liquid interface science on figaro 

• drive to produce surfactants by 
  microorganisms cf. petroleum 
 

• surface composition of three- 
  component mixtures deconvoluted 
 

• biosurfactants dominated surface 
  over conventional surfactants 



INSTITUT MAX VON LAUE - PAUL LANGEVIN 

example of solid/liquid interface science on figaro 

• study of the interactions of dna 
  with membranes (gene delivery) 
 

• measurements resolved dna 
  structure & surface excess 
 

• dna coverage determined by that 
  of self-assembled surfactant 
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interfacial behavior of complex mixtures 

• cationic polyelectrolytes: 
 

 - poly(diallyldimethylammonium chloride) [Pdadmac] 
 

 - poly(ethylene imine) [PEI] 
 

 - used in detergents, adhesives, CO2 extraction etc. 
 

 - PEI has high charge density at low pH due to protonation 

 
• anionic surfactants: 
 

 - sodium dodecyl sulfate [SDS] 
 

 - ubiquitous in shampoos & cleaning products 
 

 - binds to oppositely charged polyelectrolytes 

 
• polyelectrolyte/surfactant mixtures: 
 

 - used in household products (cleaning, food etc.) 
 

 - behavior interpreted by equilibrium self-assembly 
 

 - bulk non-equilibrium effects are also important 
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example 1: static air/liquid measurements of complex systems 

       (1) fresh-mixed           (2) aged-settled         (3) aged-redispersed 

[Pdadmac] = 100 ppm 
[SDS] = varied 

[NaCl] = 100 mM 

Campbell, Yanez, Angus-Smyth, Nylander & Varga, J Phys Chem B, 2011, 115, 15202 
 

Campbell, Angus-Smyth, Yanez, Tonigold, Nylander & Varga, J Phys Chem Lett, 2010, 1, 3021 
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example 2: solid/liquid/solid measurements of complex systems 

Campbell, Yanez, Angus-Smyth, Nylander & Varga, J. Phys. Chem. B, 2012, 116, 7981 

[Pdadmac] = 100 ppm 
[SDS] = 0.82 mM 
[NaCl] = 100 mM 
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example 3: dynamic air/liquid measurements of complex systems 

high pH 

Angus-Smyth, Varga, Bain & Campbell, Soft Matter, 2013, 9, 6103 

low pH 

[PEI] = 100 ppm 
[SDS] = varied 

[NaCl] = 100 mM 
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summary: ILL’s platform to solve complex interfacial problems 

• static air/liquid measurements: 
 

 - non-equilibrium aggregates can be controlled to tune the surface properties 
 

• solid/liquid/solid measurements: 
 

 - surface properties from self-assembly modified by phase separation/gravity 
 

• dynamic air/liquid measurements: 
 

 - dynamic surface properties are seemingly uncorrelated with the static ones 

• new platform for unique interfacial characterization at the ILL: 
 

 - emerging as a center for resolving the surface behavior of complex mixtures 


