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Discussion S1: Characterization of the cellulose nanocrystal raw material 

The pH, zeta potential and hydrodynamic radius (as obtained by dynamic light scattering and 

assuming a spherical form) for the CNCs used in this study correspond to 6.6, -32,7 ± 11 mV and 

68.5 nm, respectively. The pH value is higher than for conventional CNC suspensions produced 

by sulfuric acid hydrolysis of cotton at the laboratory scale, having proton counter ions on the 

sulfate half-ester groups, or other reports that have used commercially-obtained CNCs.
1
 The 

results indicate the sodium form of the CNCs, as previously reported for such nanoparticles.
2
 The 

zeta potential is slightly lower than those measured by others for the same source.
2-5

 The particle 

size measurement by DLS (hydrodynamic radius RH) yields an average size of ~69 nm, 

reminiscent of previous values obtained for the same CNCs.
3
 Importantly, the correlation data 

obtained by light scattering suggest a good dispersion and the absence of aggregates as judged by 

the sharp transition from high correlation to low correlation values and the unimodal curve  

(Figure S1). Surface charge measurements of the same commercial CNCs have been conducted 

in previous work by Reid et al.
3
 (340 mmol/g) and Zoppe et al.

6
 (208 mmol/g). In this study, no 

aggregation or change of opacity could be observed by the naked eye or in photographic images 

of the suspensions, even after several months, for all suspensions. 
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Figure S1. The films shown here belong to a sample set identical to the set N3, N4, N5, N6, E3, E4, E5, 

E6, except for the following changes: The films were cast on treated substrates washed with ethanol, 

instead of water, and the equilibration times were 0 and 3 days, instead of 0 and 7. The film photographs 

were taken with a Nikon D7200 camera, against a black background. The camera and light source were 

facing the films at an angle approximately perpendicular to the film surface. UV-Vis transmission spectra 

of the films in the corresponding row, showing the difference between equilibration and lack of 

equilibration at each casting concentration. 
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Figure S2. TEM images used for determining the size distributions (Figure 6 b2, c2) of the (a) isotropic 

volume fraction, and (b) anisotropic volume fraction. (c) Parameters used in the Gaussian fit in Figure 6 

b2. The particles are more scarcely distributed in the images in (b), potentially because of excess blotting 

(see section 2.4).  
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Figure S3. The raw correlation data from dynamic light scattering measurements. The unimodal 

correlogram, with a sharp transition between high and low correlation coefficients is indicative of a well 

dispersed suspension without clusters. 

 

 

Figure S4. The anisotropic volume fraction of CNC suspensions as a function of concentration, measured 

after different time lapses after the suspension was prepared and left to equilibrate.  

0,1 1 10 100 1000 10000 100000 1000000

0,0

0,2

0,4

0,6

0,8

1,0
C

o
rr

e
la

ti
o
n

 c
o

e
ff
ic

ie
n

t

Time (µs)

3% 4% 5% 6%

0,00

0,25

0,50

0,75

1,00
 7 days

 35 days

 287 days

A
n
is
o
tr
o
p
ic
 V
o
lu
m
e
 F
ra
c
ti
o
n
 (
A
V
F
)

CNC suspension concentration (w/w)



 S-6

 

Figure S5. UV-vis transmission data collected from the (a) E4/N4, (b) E5/N5, (c1) E3/N3 and (d1) E6/N6 

sample films. The blue profiles correspond to the equilibrated and the dotted red lines correspond to the 

non-equilibrated samples. The spectra in (a, b, c1, d1) are averages of three measurement points. (c2) and 

(d2) are derivatives of the spectra in (c1) and (d1), where the 0 wavelength corresponds to the minimum 

transmission value of the spectra. Steeper derivative profiles indicate narrower transmission spectral 

bandwidths, hinting to the presence of narrower pitch size distributions. 
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 jjj 
Figure S6. An ellipsoidal domain protruding from the middle layer of the E6 fractured film, viewed in its 

cross-section. (a) Higher magnification image of the purple rectangle in (b). (a) is identical to Figure 4a5. 
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Figure S7. A sequence of 12 individual SEM images corresponding to the E6 film stitched together in the 

horizontal (in-plane) direction and showing the segmented structure of the film. The leftmost part of the 

sequence is identical to Figure 4a1. Magnified areas displayed below according to highlighted areas. 
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