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Introduction

Shear Rheology

Conclusions

Cellulose nanocrystals (CNCs) are charged, rod-like nanoparticles which have emerged as a
biological alternative for the Pickering stabilization of fluid interfaces. CNC-stabilized foams
and emulsions show extraordinary stability, and their biocompatible nature allows their
use in biomedical, cosmetic, and food applications. Despite great interest and successful
application in foams and emulsions, the underlying mechanisms of adsorption remained
long unclear. Here, we present our recent findings on the adsorption, interfacial layer
structure, and rheology of CNCs at the air-water (A/W) interface.

CNC	Adsorption Interfacial Layer	Structure

Dilatational Rheology

Left:	A	foam	stabilized	by	cellulose	nanofibrils	and	octylamine1
Right:	Hexadecane	in	water	emulsion	stabilized	by	CNCs2
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• CNCs adsorb at the A/W interface within 15 hours
• Adsorption is limited by (i) diffusion and (ii) a kinetic energy barrier
• Charge screening decreases (ii) and enhances adsorption
• The critical NaCl concentration of 10 mM corresponds to the onset

of CNC attractive interactions3
• CNCs are not amphiphilic; the decrease in surface tension derives

from capillary forces induced by contact line distortions
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;Displaced	A/W	Langmuir-Schaefer	film

0.01	wt%	CNC,	20	mM	NaCl

• CNC	adsorption	isotherms	suggest	monolayer	saturation
• Displaced	Langmuir-Schaefer	films	show	a	monolayer	with	21	%	

surface	coverage
• Neutron	reflectivity4 confirmed	formation	of	a	smooth	monolayer	

with	a	maximum	surface	coverage	of	17%
• Scattering	length	density	profiles	indicate	an	adsorption	angle	>	90°

• CNC layers show no viscoelasticity without salt
• E’ increases at a critical NaCl concentration of 10 mM, underlining

the importance of CNC interactions
• CNCs form viscoelastic layers despite low surface coverage,

probably due to their shape anisotropy
• Amplitude sweeps show nonlinear behavior at increasing NaCl

concentration
• Nonlinearity derives from strain-hardening during compression, as

revealed by Lissajous-plots5
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gcrit25 mM NaCl CNC layers are viscoelastic with
high critical strains, potentially
due their low surface coverage
and shape anisotropy which
promotes alignment in the flow
field

• CNCs adsorb at the A/W interface by a Pickering mechanism
• Adsorption is limited by (i) diffusion and (ii) a kinetic energy barrier
• Charge-screening promotes adsorption and layer viscoelasticity
• CNCs form smooth, discontinuous monolayers at an adsorption

angle > 90°
• CNCs form viscoelastic layers in dilatation and shear despite low

surface coverage

Discussion
CNCs may be employed for the stabilization of fluid interfaces for the production of biocompatible foams, emulsions and aerogels. Their
shape anisotropy allows for the formation of viscoelastic interfacial layers and high critical strains even at low surface coverage. CNCs are an
interesting model system to investigate the behavior of charged anisotropic nanoparticles at fluid interfaces, as their intermolecular
interactions can be modulated by targeted salt addition
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