Influence of ultrasonication on CNC photonic films:
Implications for the origins of CNC chiral self-assembly
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Self-assembly of cellulose nanocrystals
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Ultrasonication as a tool to tune CNC size and film colour

Tip sonication (TS) dose

0.15
= e T5-12
@ TS-192
£ 0.10 —— TS-768
z
8 0.05
L
2]
o

0.00 - s —

107 102 103

DLS hydrodynamic diameter (nm)

TAPPI Nano 2021 Virtual Conference

Tip sonication dose

—

Beck et al, Biomacromolecules 12, 167-172 (2011).

15-16 June 2021



.
m

Correlating tip sonication dose and CNC size
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| Tracking size and shape changes using TEM images

Tip sonication (TS) dose
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Sonication produces smaller and more rectangular CNCs
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Sonication changes CNC phase separation behaviour

Sonication widens the biphasic region (Ad)

CNC concentration Isotropic phase
1.0 H— T5-12 ity de
TS-192 |
= e TS-THi 1
= 048 T5-12285 |
£ I
" I
gﬂﬁ i
Anisotropic phase g 04 :
" = I
ki |
< 0.2 I
I
0.0 O 1
0 1 4 8 llz 16
Onsager theory (cylinders): I ONCeconcentration (wt*)
D 20
\ Expect: But... no clear trend - T
L for length/width s
: P 9 2
D aspect ratio (?) : !
AP x — : |
L = B e ==

Sanicalion duralion is)

TAPPI Nano 20z1 Virtuai Cornference

15-16 June 2021




Correlating 3D shape changes with nematic assembly
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Sonication causes a red-shift by increasing the cholesteric pitch

CNC concentration
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Evidence of chiral bundles as the origin of CNC mesophase chirality
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Conclusions

e Sonication dose must be
expressed as energy per volume

e Sonication decreases the 3D a0
aspect ratio 2
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e Evidence that cholesteric pitch

arises from chiral bundles broken
by sonication
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