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Zeta potential

The Zeta potential and particle size of CNC suspensions
was measured using a Zetasizer Nano ZS (Malvern In-
struments, UK) and DTS1070 folded capillary cells. A 50
mW diode-pumped solid-state laser was used as the light
source with a wavelength of 532 nm. A CNC suspen-
sion of 0.1 wt% were analyzed in 10 mM NaCl, that was
added to obtain an accurate zeta potential value such
that the electrical double layer thickness around CNCs
is not infinite leading to stronger chiral interaction be-
tween nano-rodlike particles (Qi et al. 2015; Reid et al.
2017). All measurements were conducted at 25 °C using
stabilization time of 120 s, repeated 5 times and the av-
erage value was taken as final. The CNC particles in the
presence of 0.1 mM NaCl salt showed an average zeta
potential value -32.0 & 3.4 mV, Tab. SS1. This indicates
colloidal stability of the suspension at the macroscopic
level. Values of > 30 mV have previously been reported
to indicate highly stable CNC colloids in 0.1 mM NaCl
(Bhattacharjee 2016; Patel and Agrawal 2011). In addi-
tion, similar values to the present determinations were
obtained by Shafiei-Sabet et al. (2014).

The power-law model is expressed by the equation:

n(y) =K 4" (S1)

where K is the consistency index and n is the flow index.

sions

Table S1: Physico-chemical properties of CNC suspen-

Sample | (-potential [mV] | Conductivity [mS/cm)|
1 -28.5 0.0128
2 -29.4 0.0247
3 -31.2 0.0129
4 -34.9 0.0169
5 -36.4 0.0171
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Table S2: Power law flow indices (n), see equation (S1), at low [1073,107!] 1/s and high [10°, 10?] shear rates for

all non-siotropic concentrations.

CNC [wt%] | ¥ € [1072,1071] | # € [10°,10?]
3 0.33 0.24
4 0.30 0.19
5 0.12 0.10
6 0.10 0.03
7 0.07 0.03
8 0.06 0.04
9 0.02 0.005
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Fig. S1: Schematic overview of the combined rheology polarized light imaging (rheo-PLI) setup.
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Fig. S2: Steady shear viscosity of the separated CNC suspensions.
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Fig. S3: Nonlinear viscoelastic parameters G/, G4, for: (a) 2 wt%, (b) 3 wt%, (c) 4 wt%, (d) 5 wt%, (e) 6 wt% (f)

7 wt%, (g) 8 wt% (h) 9 wt% CNC.
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Fig. S3: (continued)
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Fig. S4: Nonlinear viscoelastic parameters 07, 0y, for: (a) 2 wt%, (b) 3 wt%, (c) 4 wt%, (d) 5 wt%, (e) 6 wt% (f)
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Fig. S4: (continued)
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Fig. S5: Space-time optical visualizations of the birefringence pattern development and phase transition in strain

sweep measurement at w = 4 rad/s.
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Table S3: Comparative summary of nonlinear viscoelastic parameters development depending on a phase.

Iy = Iz (w)
w=0.6,1rad/s
i) na 1.8 for v €[3,9] %
i) n ~ 0.5 for 7o € [12,60] %
w=2rad/s
i) n =2 for v € [6,23] %
i) n ~ 0.85 for 70 € [24, 95] %
w =4 rad/s

n = 1.9 for vo € [15,95] %

i) n ~ 0.6 for 0 € [1,5] %
ii) n &~ 1.5 for vo € [5,10] %
4 wt%

i) n a1 for v €10.7,3.8] %
ii) n &~ 1.6 for vo € [3.8,10] %
5 wt%

i) n & 1.3 for v0 € [0.95,5] %

ii) n & 1.37 for vo € [5,10] %

Phase Isotropic (I) Biphasic (BP) Liquid crystalline (LC)
0] 2 wt% 3-5 wt% 6-9 wt%
[3/1 15/1 O(’YS<2 Swt%

n ~ 2 for vy € [1,10] %

I3 = 13/1(‘*’)

S = 0 for vo € [0.01,10] %

S > 0 for vo € [10,1500] %

S = 0 for vo € [0.01,1.5] %
S <0 for vo € [1.5,10] %

5> 0 for vo € [10,1500] %

T = 0 for vo € [0.01,15] %

T < 0 for vo € [15,1500] %

T = 0 for vo € [0.01,3.8] %

T > 0 for vy € [3.8,60] %

T < 0 for vo € [60,1500] %

11
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Fig. S7: Graphical summary of phase behavior as estimated based on PLI and rheological measurements with

schematic illustrations and representative PLI.
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