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Supplementary Fig. 1 

 

Supplementary Fig. 1 | Microfluidic system used to study the tactoids elongation and relaxation. 
A liquid crystalline suspension with a concentration within the isotropic–nematic coexistence region is 
injected to the microfluidic system, allowing to form tactoids with various volumes at upstream region. 
Tactoids travel in flow direction and are elongated in the elongation region in the flow direction. Right 
at the beginning of the relaxation region, tactoids get elongated again but in the perpendicular direction 
with respect to the flow direction and undergo relaxation. The coordinate x-y-z is located on the center 
line of the channel at the beginning of contraction zone. The coordinate r՛-z՛-θ՛ is located at the center of 
the tactoid. The geometry of the contraction zone is defined as w(x) = x1/(x2+x), where x1 = lcwewt/[ (we-
wt)], x2 = lcwt/(we-wt),  w(x) is the width of the elongation region, le is the length of extension region, lc 
is the length of elongation region, lu is the length of upstream, h is the height of the channel, we is the 
upstream or downstream (extension region) width, and wt is the throat width.” 
 

Supplementary Fig. 2 

 

Supplementary Fig. 2 | Shape relaxation of amyloid fibril tactoids following the breakup event. a, 
The LC (liquid crystal)-PolScope images capturing the breakup of the tactoids that is followed by 
relaxation of the resultant two tactoids. The time zero here is defined as the moment when the two 
resultant tactoids are disconnected. b, Experimental results, showing that shape relaxation of the 
tactoids, resulted from the breakup event, follow single exponential decay similar to the initially 
extended tactoids relaxation. 
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Supplementary Fig. 3 

 

Supplementary Fig. 3 | Length and height distributions of liquid crystalline systems. Lognormal 
distribution fitted to data (n = 300) as shown with solid lines. a, The length and height distributions of 
BLG II. b, The length and height distributions of SCNC. 

 

Supplementary Fig. 4 

 

Supplementary Fig. 4 | Maximum deformation of tactoids under various extension rate. The theory 
(lines) and the experimental data (symbols) predict the short axis of the tactoids r under various 
extension rate. The data corresponding to the zero shear where r is equal to its equilibrium value are 
obtained from the tactoids at equilibrium condition in a cuvette. Note that since the modeling (equation 
4) assumes the homogenous internal configuration for the tactoids under the shear rate, at zero extension 
rate only the data of the tactoids that hold homogenous configuration at equilibrium (or at zero shear 
extension rate) are presented. 
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Supplementary Fig. 5 

 

 

Supplementary Fig. 5 | Schematic showing how the thickness behind every pixel is obtained. a, 2D 
schematic of the tactoids as it is seen in retardance images. The green square is a schematic of a pixel 
that is seen in the retardance images. b, 3D schematic of the tactoids used to calculate the thickness d of 
the sample behind every pixel. 
 

Supplementary Fig. 6 

 

Supplementary Fig. 6 | Shape and director field relaxation of the cholesteric tactoid. The LC (liquid 
crystal)-PolScope images showing the relaxation of the of amyloid fibril liquid crystalline tactoid. The 
director field data shows that the change/rotation in the director field extend to the end of the relaxation 
process and shows significant changes at the late stage. 
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Supplementary Fig. 7 

 

Supplementary Fig. 7 | Tactoidal phase diagram of BLG II and SCNC at equilibrium. The plots 
show the aspect ratio (α=R/r) versus volume (V) of the tactoids that are formed in the suspension with a 
concentration that is set within the isotropic–nematic coexistence region (Table S2). The circle, triangle, 
and square symbols show homogenous, bipolar, and cholesteric tactoids, respectively. The data at 
equilibrium are collected from the samples of BLG II (a) and SCNC (b) that are placed in a cuvette.  For 
the equilibrium phase diagram of the BLG I, we refer to our recent study, where we see the transition 
from homogenous to bipolar at a volume 2,000 µm3 and bipolar to cholesteric at a volume of 7,000 µm3. 
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Supplementary Table 1 

Supplementary Table 1 Material properties considered in the DNS method to simulate self-assembly. 

Symbol Material properties SI units 
𝝃 Coherence length m 
𝒑! Macroscopic pitch length m 
𝜶𝒆 Elastic anisotropy - 
𝑳𝛟 Coefficient of the concentration gradient J/m 
𝑳𝛟$𝐐 Coupling coefficient of the 

concentration-orientation gradient 
J/m 

𝑴𝛟 Mass mobility m5/sJ 
𝑴𝐐 Rotational mobility m3/sJ 
𝒄𝒌𝐁𝑻 Thermal energy per unit volume of 

dispersion 
J/m3 

 

 

Supplementary Table 2 

Supplementary Table 2 Summary of proposed exponents, Rreg.
2 is computed based on regression analysis 

of the DNS results.  

Phase 𝓷 Rreg.
2 𝓶 Rreg.

2 𝓹 Rreg.
2 𝓺 Rreg.

2 −𝟐𝓹 − 𝓺 Rreg.
2 

HN 1 0.96 -0.5 0.96 -0.25 0.95 1 0.96 -0.5 0.91 
BN 1 0.97 -0.5 0.92 -0.25 0.93 1 0.95 -0.5 0.45 
N* 1 0.97 -0.5 0.95 -0.25 0.96 1 0.96 -0.5 0.40 

 

 

Supplementary Table 3 

Supplementary Table 3 Amyloid fibrils and cellulous nanocrystals suspensions properties obtained with 
experiments or calculated. 

Sample 𝜙 I (wt%) 𝜙 N (wt%) 𝜙 I (vol%) 𝜙 N (vol%) 𝜉	(µm) 

BLG I 2.0 2.5 1.5 1.9 1.3 

BLG II 2.0 2.5 1.5 1.9 1.0 

SCNC 2.4 3.5 1.6 2.3 0.9 
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Supplementary Note 1 

Microfluidic system 

To perform the relaxation experiments of the tactoids, we use a microfluidic system with contraction-

abrupt expansions design (Supplementary Ref. 1-2), allowing to elongate the tactoids with different 

volumes and let them relax to the equilibrium (see Supplementary Figure 1). Tactoids with various 

volumes are formed inside the channel at upstream region. Tactoids travel in flow direction and are 

elongated as shown schematically in Supplementary Figure 1 in the elongation region (or contraction 

zone). Right after the elongation region, the tactoids get elongated again but in the perpendicular 

direction with respect to the flow direction and undergo relaxation to the equilibrium state in the 

relaxation region in Supplementary Figure 1. The main reason for the elongation of the tactoids at the 

beginning of the relaxation region is the high extension rate of the flow in y-direction in the expansion 

zone, i.e. ε̇yy= ∂uy ∂y⁄ , compared to the shear rate in the flow direction Γ̇xy= ∂ux ∂y⁄ . For U = 1.5 µm s-1 

(where U is the flow speed in the straight channel before the extension zone) used in this study to 

understand the relaxation dynamics of the tactoids, we found the ratio of the ε̇yy / 4𝛤̇'(4 to be always over 

40 along the centerline of the channel (for details we refer the interested readers to our recent study in 

Supplementary Ref. 3). 

Supplementary Note 2 

Development of the analytical formula estimating the characteristic shape relaxation time, 𝛕𝐬, in 

terms of material properties and tactoid’s size 

Based on an overdamped system with several frictional processes, we consider that the characteristic 

shape relaxation time, 𝜏*, is the sum of two contributions anisotropic and isotropic as 

𝜏* = 𝜏+ + 𝜏,,                                                                                                                                            (1) 

where 𝜏, is characteristic shape relaxation time of elongated isotropic tactoids. In the literature of simple 

droplets relaxation, 𝜏, has been well established as (Supplementary Ref. 4-5) 

𝜏, =
-.!/"#$%&.

0
 ,                                                                                                                                            (2) 

where 𝛾 is the interfacial tension, Requiv.= ((r2R)1/3) is the equivalent radius of tactoids, 𝜇! the 

viscosity of the tactoids -taken to be equal to viscosity of the nematic phase- and 𝛽 =
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(#$%&')()*$%&)+)
,-($%&))

	, where 𝜂̂ = .!
."

 is the ratio of viscosities of the nematic phase 𝜇!	and that of the 

isotropic medium, 𝜇/. In Supplementary Eq. 1, 𝜏+ describes the liquid crystalline anisotropic 

contribution due to the presence of orientational order, gradient elasticity, anisotropic viscoelasticity, 

rotational dissipation, and concentration gradients. In general, 𝜏+ depends on two factors: material 

properties and tactoid’s size meaning 𝜏+ ∝ 𝛹 where 𝛹 encompasses the power laws describing the 

impact of material and size dependencies. The generic form of 𝛹 can be obtained through dimensional 

analysis of the governing equations of self-assembly. As can be appreciated from the modeling presented 

in this work, see Supplementary Ref. 6, there are eight material properties involved in the self-assembly. 

These material properties along with their SI units are summarized in Supplementary Table 1. 

In Supplementary Table 1, c, kB, and T represent the number density (1 m1⁄ ), Boltzmann constant (J/K), 

and temperature (K), respectively. Note that 𝛼2 =
3(
3)

, with 𝐿4 and 𝐿5 the Landau constants, and in the 

terms of Frank elastic constant, it becomes: 

𝛼6 = 2 7
7(
− 1,                                                                                                                                               (3) 

with K the Frank elastic constant for splay and bending (assumed to be equal) and K2 the Frank twist 

elastic constant. Furthermore, to reveal the impact of the tactoid’s size, the characteristic tactoid size 

Requiv. is considered in the formulation of 𝛹.   

Before proceeding to carry out the dimensional analysis, we refine the selection of material properties 

to avoid irrelevant or redundant quantities. For tactoids that relax to nematic phases either homogenous 

or bipolar, the macroscopic pitch length, 𝑝!, does not affect 𝜏+ as for nematic phases and  𝑝! = ∞. In 

such cases, the 𝑝! is an irrelevant material property and should be excluded from the dimensional 

analysis. In addition, Supplementary Ref. 7 has shown that, for cholesteric tactoids, the pitch length 

depends on the tactoid’s size; hence, the 𝑝! should also be excluded from the dimension analysis for 

tactoids that relax to cholesteric phases because of the presence of the characteristic tactoid size in the 

dimension analysis.  In other words, the macroscopic pitch length, 𝑝!, should be excluded from the 

entire dimension analysis.  

Applying dimensional analysis on the above-mentioned contributing factors yields 
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Ψ = Υ 4
𝑐𝑘B𝑇

D
3*+𝐐
𝐿*

E
𝓃
𝛼𝓂	𝑀8

𝓅	𝑀𝐐
$𝓅$4		𝑅6:;,<.

𝓆 𝜉$5𝓅$𝓆,                                                                                (4) 

where 𝛶 is a positive dimensionless constant and all exponents, i.e. 𝓃, 𝓂, 𝓅, and 𝓆, can be any real 

dimensionless number. For simplicity and without loss of generality, we consider Υ = 1 while defining 

pre-factor b as 𝜏+ = b	𝛹.  

To determine the exponents present in Supplementary Eq. 4, an extensive uncorrelated parametric study 

for each phase of homogenous nematic (HN), bipolar nematic (BN), and chiral nematic (N*) is 

performed. Thereafter, the anisotropic contribution, 𝜏+ = 𝜏* − 𝜏,, is computed using equations S1-S2 

and fitted with the power laws shown in Supplementary Eq. 4. Through regression analysis, the proposed 

exponents are tabulated in Supplementary Table 2.As can be seen in Supplementary Table 2, for each 

of the following terms D
3*+𝐐
3*
E
𝓃

, 𝛼𝓂, 𝑀8
𝓅	𝑀𝐐

$𝓅$4, and 𝑅6:;,<.
𝓆 , a unique exponent is found for different 

phases which results in excellent regression, Rreg.
2> 0.9. Regarding the exponent of coherence length, 

the regression analysis of the DNS results suggests -0.5 for homogenous nematic phase, and -2 for 

bipolar nematic and cholesteric phases. However, to reach dimensional unit consistency, the exponent 

of the coherence length must be -0.5 for all three phases. Therefore, the DNS results underestimate the 

exponent of coherence length for bipolar and cholesteric phases. It should also be further noted that 

phase transition between phases depends on the material properties and the characteristic length. 

Investigation on material property and size dependencies of the phase transition is outside the present 

work’s scope. 

Substituting the exponents shown in Supplementary Table 2 into Supplementary Eq. 4, yields 

𝛹 = 4
𝑐𝑘B𝑇

3*+𝐐
𝐿*

	 /"#$%&.
A)/(B*

)/.B𝐐
//.C)/(

.                                                                                                                   (5) 

Due to the fact that experimental measurements of 𝐿8$𝐐, 𝐿8, 𝑀8, and 𝑀𝐐 are not available and certainly 

difficult to determine experimentally, we proceed to estimate them using liquid crystal physics. In terms 

of fundamental properties, according to Supplementary Ref. 8, 𝑊	 ≈ 	 D
(∆G)3*+𝐐

I3* 𝑐𝑘B𝑇⁄
, where W, S, and ∆𝜙 

are anchoring strength (J/m2), uniaxial order parameter, and the volume fraction jump across the 
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interface, respectively. In view of γ ≈ U𝑐𝑘B𝑇𝐿8 (Supplementary Ref. 8) and the fact that K
L
= ω, 3*+𝐐

3*
 

can be reformulated as 

𝐿*+𝐐
𝐿*

	∝ 	ω.                                                                                                                                                 (6) 

The next step is to estimate the mobilities 𝑀8	and 𝑀𝐐 in terms of fundamental physical properties. 

According to Supplementary Ref. 9, the rotational diffusion coefficient and translational diffusion 

coefficient are defined as, respectively, 𝐷MWWWW ∝
𝑘B𝑇(5 NO(5𝐿/𝐷)$4)

𝜇!𝐿
/  and 𝐷Q ∝

𝑘B𝑇 	NO(𝐿/𝐷)
𝜇!𝐿

 with SI units as 

s$4and m5 s⁄ , respectively; here L and D represent the average fiber length and diameter, respectively. 

Furthermore, the mobilities can be found by 𝑀8 = 𝐷Q 𝑐𝑘B𝑇⁄  and 𝑀𝐐 = 𝐷MWWW 𝑐𝑘B𝑇⁄ ; and in consequence, 

their SI units become mS J. s⁄  and m1 J. s⁄ , respectively. Therefore, 

𝑀8 ∝
	NO(3/T)
U.!V

                                                                                                                                             (7)                                           

𝑀𝐐 ∝	
5 NO(53/T)$4

U.!3/
.                                                                                                                                     (8) 

Substitute Supplementary Eq. 3 and Supplementary Eq. 6 into Supplementary Eq. 5, the equality of 𝜏+ =

b	𝛹 can be expanded as 

𝜏+ = b	 [ W
UX0Y(57 7(⁄ $4)) (⁄ B*

) .⁄ B2
/ .⁄ C) (⁄ \ 𝑅6:;,<..                                                                                      (9) 

Note that each of Supplementary Eq. 6-8 can turn to be equality equations by use of constant pre-factors, 

and we can consider all these constants embedded in the main pre-factor b in Supplementary Eq. 9. 

Putting all together, characteristic shape relaxation time becomes: 

𝜏Z = b [ W
UX0Y(57 7(⁄ $4)) (⁄ B*

) .⁄ B2
/ .⁄ C) (⁄ + -.3

[0
\ 𝑅6:;,<.,                                                                              (10) 

that predicts the characteristic shape relaxation time 𝜏* with a single fitting parameter b.  

Supplementary Note 3 

Determination of length and height distributions of liquid crystalline suspensions 

We analyzed AFM images using FiberApp software (Supplementary Ref. 10) and obtained the length 

and height (or fibrils diameter assuming a cylindrical shape for the fibrils) distributions of the BLG II 

and SCNC fibrils as shown in Supplementary Figure 3. For details on the length and height distributions 
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of BLG I fibrils we refer to our recent study (Supplementary Ref. 3). The arithmetic mean length Lf,m, 

weighted mean length Lf,w, and mean arithmetic diameter (height) Df,m of each liquid crystalline system 

are reported in Table 1 in the main text. The fitting parameters of lognormal distributions fitted to data 

are as follow: BLG I: µfitting = 5.5 ± 0 and σfitting = 0.6 ± 0 for the length distribution, µfitting = 0.9 ± 0 and 

σfitting = 0.3 ± 0 for the height distribution; BLG II: µfitting = 5.2 ± 0 and σfitting = 0.8 ± 0 for the length 

distribution, µfitting = 1.4 ± 0 and σfitting = 0.2 ± 0 for the height distribution; SCNC: µfitting = 5.0 ± 0 and 

σfitting = 0.5 ± 0 for the length distribution, µfitting = 1.5 ± 0 and σfitting = 0.3 ± 0 for the height distribution. 

Supplementary Note 4 

Determination of amyloid fibrils and cellulose nanocrystals suspensions properties  

Here we provide details on the calculation of the properties of the liquid crystalline systems used in this 

study, reported in Table 1 in the main text. 

Effective diameter. We calculate the effective diameter as proposed by Onsager (Supplementary Ref. 

11) taking into account the electrostatic interactions on the rods diameter. The effective diameter is 

obtained with 

𝐷6\\. = 𝐷 + 𝑘$4(ln𝐴 + 𝐶 + ln2 − 4
5
),                                                                                                    (11) 

where 𝑘$4 is the Debye length, 𝐶 is the Euler's constant that is 0.577 and 𝐴 is given by (Supplementary 

Ref. 12) 

𝐴 = ]^_2+45

`6(X/T(X)((
)
(XT)

,                                                                                                                                   (12) 

with Q the Bjerrum length which is 0.70 nm, k1 the modified Bessel function of the second kind and 

𝐴U$4 the linear charge density. For amyloid fibrils (Supplementary Ref. 13-15), the linear charge density 

is 0.43 e/nm, Debye length is 2.6 nm2 at ionic strength of 13.4 mmol/L. For sulfated cellulose 

nanocrystals (Supplementary Ref. 16), the linear charge density is 0.66 e/nm and the Debye length is 

4.7 nm2 at ionic strength 4.2 mmol/L. Putting all of the parameters together, we get the effective diameter 

values reported in Table 1. 
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Critical concentration. The critical concentrations are measured from the completely phase-separated 

suspension of the liquid crystalline with a concentration that is set within the isotropic–nematic 

coexistence region. In Supplementary Table 3, 𝜙I and 𝜙N denote the concentration of the isotropic and 

nematic phases of the phase-separated systems, respectively, that were measured gravimetrically. The 

volumetric concentration is calculated as 

𝜙	(vol%) = G	(ab%)
G(ab%)d[4$G	(ab%)]g7%89%:; g<=>"9⁄ ,                                                                                           (13) 

where 𝜌\,hM,N* is the density of the fibrils that is 1.3 g/cm3 for amyloid fibrils (Supplementary Ref. 17) 

and 1.5 g/cm3 for cellulose nanocrystals (Supplementary Ref. 18.) The term 𝜌a+b6M is the density of the 

water as the host fluid in BLG and SCNC liquid crystalline systems. 

Elastic constants. We used analytical expressions previously proposed to calculate the splay, bend and 

twist elastic constants (Supplementary Ref. 19-20). The twist constant 𝐾5 is calculated according to 

𝐾5 =
X0Y
T
iG!	3?

T
j
4 1⁄

, and the bend constant 𝐾1 is obtained with  𝐾1 =
i
^
X0Y
T
𝜙j

3?
T

, where 𝐿k is the 

persistence length that is estimated to be 1.98 and 3.3 µm for BLG (Supplementary Ref. 21) and SCNC 

(Supplementary Ref. 15), respectively. Note that 𝐷 is taken to be equal to Deff. and we take K1 to be 

equal to K3. 

Anchoring strength. To obtain anchoring strength ω, we followed Wulff construction estimating ω = 

(α/2)2 when anchoring strength is higher than one and 𝜔	 = 𝛼 − 1 when anchoring strength is less than 

or equal to one. Note that here α denotes the aspect ratio (R/r) of the homogenous tactoids in the 

equilibrium state. 

Interfacial tension. To estimate the interfacial tension of the tactoids we use the universal scaling law 

as (Supplementary Ref. 22-23) 

𝛾 = f X@Y
3T

,                                                                                                                                                   (14) 

where f is a constant equal to 0.3 (Supplementary References 7 and 22). Note that 𝐷 and L are taken to 

be equal to Df,m, and Lf,w, respectively.  
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Viscosity. We measured the viscosities of the isotropic and nematic phases of the phase-separated liquid 

crystalline suspensions. We estimate the viscosity of the tactoids to be equal to the viscosity of the 

nematic phase and the viscosity of the medium phase to equal the viscosity of the isotropic phase. We 

measured that the viscosities of the liquid crystalline phases are different depending on the shear rate, 

showing shear thinning behavior. In our calculations in this study, we take the zero shear viscosity values 

as reported in Table 1 (Supplementary Ref. 24). 

Coherence length. We estimate the coherence length taking into account that the coherence length scale 

with the length of the fibrils 𝜉 ∝ L and our recent measurements (Supplementary Ref. 25) on the 

coherence length for BLG and SCNC where for BLG with average length 652 µm the coherence length 

is measured to be 2.7 µm and for SCNC with average length 325 µm the coherence length is measured 

to be 1.75 µm.  

Supplementary Note 5 

Modeling of the deformation of the tactoids 

Here we present modeling of the deformation of the tactoids under external stresses. This has been well 

documented for simple fluids, but for tactoids, the physics becomes complex due to the energy terms 

associated with the internal structure of the tactoids and their anisotropic features. We look at the 

deformation of the droplet under uniaxial flow field with extension rate given ε̇xx	=	
∂uA
∂x

, where the ux is 

the flow speed and x is the direction of the motion of the flow (see Supplementary Figure 1). Our 

approach relies on capturing the energy gained by the tactoids under the external stresses imposed by 

extensional flow field and incorporating that energy to free-energy landscape of the tactoids that is well 

described by scaling form of Frank–Oseen elasticity theory.  

To start we consider a tactoid under an extensional flow that is at is elongated under a flow field shown 

in Supplementary Figure 1. To find the normal stresses applied to the tactoid, we first note from ε̇xx	=	

∂uA
∂x

 that the velocity in x-direction is 

 𝑢 = 𝜀𝑥̇ + 𝑈,                                                                                                                                                    (15) 
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where U is constant for a given volumetric flow rate. Supplementary Eq. 15 in the r՛-z՛ coordinate, in 

Supplementary Figure 1, becomes 

𝑢 = 𝜀̇(𝑧′ + ∆𝑥) + 𝑈,                                                                                                                                               (16) 

where ∆𝑥 is the distance between two coordinate systems of x-y and r՛-z՛ in x (or z՛) direction. Having 

the velocity in x direction, from continuity equation the following holds 

lm
lno
+ 4

po
l(poq)
lpo

= 0.                                                                                                                                               (17) 

Therefore, from Supplementary Eq. 16-17, one can see that 

𝑣 = − ṙ
5
𝑟′ + tB

po
,                                                                                                                                                (18) 

where the value of c0 can be found using kinematic condition stating that the velocity is parallel to the 

droplet interface at interface, meaning 

(uvp(no)w
uno

)pCxp(no) =
q
m
.                                                                                                                                              (19) 

From Supplementary Eq. 18 and the boundary condition in Supplementary Eq. 19, we calculate the term 

𝑣 as 

𝑣 = − ṙ
5
𝑟′ + p(no)

po
[ṙp(no)

5
+ 𝑢 u(p(no))

uno
].                                                                                                                        (20) 

The normal stresses at the interface of the tactoid are obtained as following 

(𝜎popo)poxp(no) = 2𝜇(lq
lpo
)poxp(n) = −2𝜇[𝜀̇ + m

p(no)
uvp(no)w
uno

],                                                                                   (21) 

(𝜎nono)poxp(no) = 2𝜇(lm
lno
)poxp(no) = 2𝜇𝜀̇,                                                                                                            (22) 

where 𝜎popo is the normal stress in r՛ direction and 𝜎nono is the normal stress in z՛ direction. As stated in 

the main text, our analysis is for the case when the tactoids are under extreme deformation, this allows 

us to approximate a cylindrical shape for the tactoid under extension meaning 𝑟(𝑧o) = 𝑟, thus we have 

	uvp(no)w
uno

= 0. This leaves us with (𝜎popo)poxp(no) = −2𝜇𝜀 ̇from Supplementary Eq. 21. Next, we calculate 

the rate of the energy gained by the tactoid as 
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uy
uz
= ∫𝛔. 𝐮𝒊	𝑑𝑆 = ∫𝜎popo𝑣*	𝑑𝑆po + ∫𝜎nono𝑢*𝑑𝑆no,                                                                                                      (23) 

where we set the displacement velocity of interface	𝑣*	and 𝑢Z as 𝑣* = 𝑑𝑟/𝑑𝑡 and 𝑢* = 𝑑𝑅/𝑑𝑡. The terms 

𝑑𝑆po and 𝑑𝑆no in capture the area of the tactoids in r՛ and z՛ directions, respectively, as 𝑑𝑆po = 𝑅𝑑𝑟′ and 

𝑑𝑆no = 𝑟𝑑𝑟′. Note that here volume of the tactoids kept unchanged during deformation as previously we 

have shown3, 𝑟5𝑅 = constant resulting in 𝑑𝑅/𝑑𝑡 = −2 /
p
𝑑𝑟/𝑑𝑡. Substituting all parameters in 

Supplementary Eq. 23, we conclude the energy gained by the tactoid under extensional flow as 

uy
uz
= −6𝜇|𝑉𝜀̇

4
p
up
uz

                                                                                                                                               (24) 

where the pre-factor 6 may somehow vary without any loss of generality depending on the scaling 

assumptions taken (it becomes 8 for a perfect cylinder of radius r and length 2R). We now return to the 

free energy landscape of the tactoids, where the total free energy of the tactoid 𝐹} is described in scaling 

form such as (Supplementary Ref. 7): 

𝐹}	~𝛾𝑅𝑟 [1 + 𝜔 i
p
/
j
5
\ + 	𝐾𝑉 i4

/
j
5
+ 4

5
𝐾5(𝜃 + 𝑞!)5𝑉                                                                          (25) 

We propose that the rate of the energy gained by the tactoids due to the normal stresses from the flow 

field should be equal to the rate of the energy changes in the free energy landscape of the tactoids 

meaning uy
uz
= u~D

uz
, where 

u~D
uz
~	4 7p

/

�
𝑑𝑟/𝑑𝑡 − 𝛾 �

p(
𝑑𝑟/𝑑𝑡 + 5𝛾𝜔 p.

�
𝑑𝑟/𝑑𝑡.                                                                                                       (26) 

Additionally, as all three classes of the homogenous, bipolar and cholesteric tactoids hold homogenous 

configuration under extreme deformation, as can be seen in Figure 1 and our recent study 

(Supplementary Ref. 3), we ignore first term in Supplementary Eq. 26 meaning that the bulk elastic 

energy due to the splay and bending is set at zero. Additionally, the third term in Supplementary Eq. 25 

is eliminated as, in the homogenous configuration and at constant tactoid volume, it does not change 

under deformation, so the rate of the energy gained by this term becomes zero. Setting uy
uz
= u~D

uz
, we 

have 
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5𝛾𝜔𝑟� + 6𝜇𝜀̇𝑉5𝑟 − 𝛾𝑉5 = 0,                                                                                                                   (27) 

giving us the steady-state elongated shape of the tactoids under a given extensional flow field.  

Supplementary Note 6 

Determination of the order parameter 

The order parameter S is obtained using S=𝓇/d∆n0 where 𝓇 is the optical retardance value, d is the 

thickness of the sample and ∆n0 is the birefringence corresponding to a perfectly aligned nematic phase 

or when the order parameter is 1 (Supplementary Ref. 26-27). The retardance value 𝓇 of every pixel 

within the tactoids is calculated using retardance images taken with LC-PolScope as 𝓇 = (pixel gray 

value/max range of pixel gray value) × retardance ceiling. The value of d is calculated for every pixel 

assuming a spinodal shape for the tactoids (see the schematic provided in Supplementary Figure 5 where 

d for every pixel within the tactoid is calculated following 𝑑 = 2[𝑎5 − (𝑑𝑟)5]4/5).  Once we have 𝓇 

and d for every pixel, we calculate the average value as 

(𝓇/𝑑)+<6.=
∑ 𝓇E/uE
FGH$I8"9	K7	>L"	M%N":;	<%>L%H	>L"	>=O>K%P;
FG)

�
,                                                                                 (28) 

within the tactoid and take it as value of (𝓇/𝑑)+<6. =
𝓇
u
(𝑡) for the tactoid at the given time during 

relaxation. We define  

𝒮 = �(z)$�"#$%:.
�%H%>.$�"#$%:.

=
𝓇

R∆FB
(z)$ 𝓇

R∆FB"#$%:.
𝓇

R∆FB%H%>.
$ 𝓇
R∆FB"#$%:.

=
𝓇
R(z)$

𝓇
R"#$%:.

𝓇
R%H%>.

$𝓇R"#$%:.
,                                                                                              (29) 

to capture the structural relaxation of the tactoids. As explained in the main text, we present our 

calculation independent from ∆n0 as an exact value of ∆n0 is often challenging to obtain experimentally, 

however is the same for a given liquid crystalline system. MATLAB programing is used to perform the 

measurements. 

Supplementary Note 7 

Nematic-cholesteric phase diagram of the tactoids at equilibrium 

The nematic-cholesteric phase diagram of BLG II and SCNC at equilibrium are presented in 

Supplementary Figure 7. The data at equilibrium are collected from the samples that are placed in a 

cuvette.  For the equilibrium phase diagram of the BLG I, we refer to our recent study (Supplementary 

Ref. 3). 
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