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Cellulose nanocrystals (CNCs)

e Sulfuric acid hydrolysis of cotton wool
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e L:~225 nm, W: ~9 nm
e Sulfate groups: 0.26 mmol/g CNC
* 1-5 wt% aqueous CNC suspensions
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Anisotropic diffusion and phase behavior

Isotropic Isotropic Anisotropic
Diffusion Restricted Diffusion
(Equal in all Diffusion {Unequal)
directions)
Diffusion ‘ 4 <
Path ‘ - -
z 7 Z y
y Yy
Diffusion X X X
Ellipsoid Isotropic diffusion Anisotropic diffusion
A =A2=23 M>>)k2=A3
D 0 0 d 0 0 Dxx Dxy Dxz
0 D Dl I(} d l}l Dyx Dyy Dyzl
Diffusion 0O 0 D 0 0 d Dzx Dzy Dzz
Tensor




Anisotropic diffusion and phase behawor

* Direction dependent
* Diffusion tensor to describe diretionality )
* Biological tissues, structured materials in general %

e Fast and slow diffusional translation and rotation m
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Phase behavior
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e Fast and slow diffusional translation and rotation
e || and L to main axis



Anisotropic diffusion of cellulose nanocrystals

* Behavior in agueous suspensions
 Relation of diffusion to liquid crystalline behaviour

* Towards predicting and controlling kinetics and self-assembly
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Structure formation before isotropic-chiral

nematic phase separation
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Dynamic light scattering - {ljlhiming
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Dynamic light scattering of CNCs

* Dilute CNC suspensions (< 0.3 wt%)

* Effect of particle dimensions
* D, :concentration independent in range 0.1-0.27 wt% (e Souza Lima et.al. 2002)

* Polydispersity

* Interparticle interactions
* Restricted systems
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M. P. Lettinga et.al., Europhys. Lett., 2005, 71, 692—698. M. M. De Souza Lima et.al., Langmuir, 2003, 24-29.
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(Depolarized) dynamic light scattering
e VV (DLS) vs. VH (DDLS): || vs. L positioning of polarizer and analyser

* Rotational and translational coupling

* Gevv(q,t) = exp{—q*t[C(qL)AD + D]} [So(qL) +
S,(qL) exp(—6D,t) + S,(qL) exp(—20D,t) + S;(qL) exp(—42D,t) + -]

* Gevv(q,t) = exp{—q*D;t} for qL <5
* gevu(q,t) < exp[—(q*D; + 6D,)t]
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J. K. G. Dhont, An Introduction to Dynamics of Colloids, Elsevier, Amsterdam, 1996.




Autocorrelation functions

* Normalized autocorrelation functions =
* Introducing polydispersity via stretched exponentials
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Rotational diffusion
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Rotational diffusion | rv= a*p. +ep, %
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Rotational diffusion %
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* Towards rotational arrest
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"Tirado & Garcia de la Torre, 1979, 1980 and Broersma, 1960.
*Using Debye length in stead of the average length determined by AFM.




Translational diffusion  rw= e,
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Long-range twist coupling in transition
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Translational diffusion %
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* Translational and rotational coupling in nematic phase o2 mnL
* Long range twist fluctuations pi - LkeT(np+y,)
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"Tirado & Garcia de la Torre, 1979, 1980 and Broersma, 1960.
*Using Debye length in stead of the average length determined by AFM.




Diffusion coefficients
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Translational diffusion
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Conclusions and outlook

* Particle alignment starts in the isotropic phase (for our
samples around 2 wt%)

* Formation of jointly-diffusing domains in isotropic phase

* Nematic domain formation accompanied by:
* Increased translational entropy
* Loss of rotational freedom

* Expand to higher concentrations

* Kinetic parameters to be used to understand self-assembly
during water evaporation
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