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S1 Average Shear Rate

To calculate the average shear rate within the 3D printer's nozzle, we employed the equation for

. 3n+1 2V, . .
Vave. = ZZH%, where n, Vae, and r are power law index, average flow velocity (3 mm/sec), and the

nozzle radius (205 pm), respectively [S1, S2]. This n value is determined as an average obtained from
fitting the power law model to flow curve of three ink compositions at the second shear thinning
regions (regime I11) (shear rates from 10 to 1,000 s1), as illustrated in Fig. S1. The fitted power
law indices for inks Add(2)-Bis(1/30), Add(4)-Bis(1/30), and Add(6)-Bis(1/30) are 0.53, 0.63, and
0.73, respectively. Consequently, the average power law index, n, is computed as 0.63. Using this
value, the average shear rate experienced by the inks within the nozzle of the 3D printer during
DIW was calculated to be 37 s,
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Fig. S1 Viscosity plots as a function of rotational shear rate for different inks at a constant
monomer:cross-linker ratio of 1:30. The inset shows the second shear thinning region, regime Il1,
where the power law model is fitted to calculate power law indices
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Fig. S2 Time-series snapshots of the structural evolution after the flow cessation of inks with
different CNC:Add. raios after the flow cessation under POM, using a white light source. Black
and purple arrows indicate the polarizer/analyzer and the flow direction, respectively. Scale bars
are 100 pm

We coupled a lab-built microfluidic setup containing a quartz cylindrical capillary and a polarized
optical microscope to investigate the structural evolution of chiral inks under conditions that
resemble the shear flow in the DIW nozzle (Figure 3a) [S3]. This setup, featuring a capillary tube
with a diameter of DIW’s nozzle (approximately 400 um), aligned at 45° with respect to the cross-
polarizer axis, allowed us to directly visualize the structural changes of the CNC-based inks at a
flow rate equivalent to that of the DIW process in this study (i.e., 0.37 pL/sec) [S3]. Flow-induced
birefringence patterns are obtained by using a white light source in the cross-polarized
configuration. For birefringence measurements, POM images were taken using a monochromic
light, filtered by a 500 nm bandpass light filter (FB500-10, Thorlabs, A=500 nm) in two
configurations of cross- and parallel-polarizers. Corresponding light intensities in cross- and
parallel-polarized monochromic images (I;, and 1., respectively) as a function of radial position
were measured using ImageJ, and input in the following equations to find retardation phase values,
d [S4]:

§=Nm+2tan™ |2, N =024,.. (S1)
Il

§=((N+1Dr-— Ztan_l\/q N =1,3,5,. (S2)

Where N is a non-negative integer that corrects the order of retardation lengths, arising from the
periodic functions of light intensities. Therefore, the birefringence value, An, was calculated using
Eqg. (3):

An =22 (S3)

2nd

Where A is the wavelength of the monochromic light (i.e., 500 nm), and d is the sample’s thickness.
By observing the transmitted cross-polarized light, the flow-induced alignment generates
iridescent colors of retarded light (Fig. S3a), which can be directly correlated to the colormap of
the Michel-Levy chart [S5]. To quantify the flow-induced birefringence features, we measured
monochromic light intensities at two configurations of cross- and parallel polarized light (Fig. S3b)
as a function of radial position and converted them into the retardation length, I', using equations
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(1), and (2) (Fig. S3c). The calculated retardation lengths exhibit close agreement with the
observed colors in Fig. S3a when overlaid with the Michel-Levy chart cut in the background. As
the retarded light was perpendicularly transmitted through capillary tubes with varying thicknesses,
retardation lengths are inherently a function of thickness. Additionally, birefringence values, An,
were determined from the retardation length values using equation (3) and plotted as a function of
the radial position (Fig. S3d). We observe an exponential growth in An as we move away from the
centerline. The maximum An is typically observed at the wall due to the surface anchoring effect
and the highest degree of shear-induced alignment (Fig. S3d). Increasing the additive and thereby
reducing the CNC in the CNC-based inks shifts the retardation length and An curves to lower
values [S3, S6].

In our previous study [S3], simulation results indicated a high Erickson number, Er, of 24,000 in
these experiments (Er = nvd , where 1 is the viscosity at Newtinain plateau regime (regime II), V

is the equivalent flow Velo<:1ty, d is the capillary’s diameter, and K is the elastic constant equal to
10 pN). This suggests that the pseudo-nematic structure is driven by a strong flow-aligning effect
inside the DIW’s nozzle. The formation of the pseudo-nematic structure can also be identified
based on the fully iridescent POM images with the maximum intensity at 45° with respect to the
analyzer/polarizer direction, revealing the orientation of liquid crystalline director fields along the
flow direction. These measurements offer qualitative data on the extent of shear-induced alignment
of CNC particles in the 3D printer’s nozzle and serve as the initial state for the subsequent chiral
relaxation dynamics discussed in the main manuscript.
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Fig. S3 flow-induced alignment of CNC particles under Poiseuille flow. (a) cross-polarized
birefringence patterns of various inks under Poiseuille flow through quartz capillary tubes with
an inner diameter of 400 m using white light source. (b) cross-polarized and parallel-polarized
micrographs of flow in the capillary tube using a monochromic light source (A=500 nm). (C)
Retardation length values, I', and (d) Birefringence values, An, as a function of radial position
Black and purple arrows indicate the polarizer/analyzer and the flow direction, respectively.
Scale bars are 100 pm
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Fig. S4 POM images of capillary tubes filled with different CNC-based inks one hour after flow
cessation at different angles of flow direction with respect to the polarizer direction. Scale bars

are 50 pm

o

Add(4)

Add

-
Q
S

1[0

-
o
W
ud

1024
10"4

(2)-Bis(1/30)

i
i

-

(=]
o

-

-
Q
=

Storage/Loss Modulus (Pa) @

-
2
)

104+
103

1024

-
o,
o

7

-Bis(1/15)

107

107" 5

Storage/Loss Modulus (Pa)

N
<
%

o

Add(4)

200 300

Storage/Loss Modulus (Pa)

100

400 100 200 300 400
Time (s) Time (s)
. e .
-Bis(1/60) - Add(6)-Bis(1/30) N
— — Y
1, . T 100 I ,l,:\;’kf
< i ??w‘k}
g oy
S ]
T
S
=
3 -2
9 10%4)"%500 305 a0 375 0 s
210" _ .
6 2
. . & 10 : . : .
200 300 400 0 100 200 300 400
Time (s) Time (s)
UV Intensity (mWiem?) 5 3 15 086
G‘ — ———
G” - - e = wme = me - -

Fig. S5 UV rheometry photo-curable inks. Storage, G’, and loss, G”, moduli as a function of
time for samples (a) Add(2)-Bis(1/30), (b) Add(4)-Bis(1/15), (c) Add(4)-Bis(1/30), (d) Add(4)-
Bis(1/60), and (e) Add(6)-Bis(1/30), at different UV intensities, which set on at the 300" second
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