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Figure S1: Viscosities of 2HT dispersions at different CaCl2 concentrations at 25 °C as a func-
tion of the share rate.
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Figure S2: Simulated relaxation amplitudes of the ion-cloud fluctuation, ∆ε1 (eq. 4), and the
surface-hopping mode, ∆ε2 (eq. 6), as a function of the relative surface conductivity against
the bulk conductivity, λS/κ. The Grosse radius and the volume fraction are fixed to 3 nm and
0.11, respectively. The simulated ∆ε1 with the Debye length of 2 nm, 2.5 nm, and 3 nm are
represented by the blue dashed, solid, and dash-dot lines, respectively.
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Figure S3: Two-dimensional scattering patterns of the 2HT dispersion at CaCl2 concentration
of 2.7 mmol/L as obtained by (A) a point collimation SmartLab apparatus and (B) a line col-
limation SAXSess mc2 apparatus. One-dimensional scattering intensities as a function of (C)
the magnitude of the azimuthal angle, β, and (D) the scattering vector, q, respectively. The az-
imuthal profile, I(β), is obtained by integrating the point collimated I(q) in the q-range between
0.36 and 0.48 nm−1, corresponding to the scattering angles of 0.51° and 0.67° . For I(q) data
measured by the line collimation apparatus, a desmearing procedure is made by relying on the
Lake algorithmS1. The background contribution and transmission calibration are corrected. It
is well established that liquid-like systems, e.g., α-gels, lamellar lyotropic liquid crystalsS2 and
multi-lamellar vesiclesS3,S4 exhibit isotropic scattering patterns under static condition. Further-
more, the isotropic diffraction ring has been taken as evidence of the lamellar-to-onion (MLV)
transition under an applied shear. We confirm that the 2HT dispersion exhibits isotropic scatter-
ing patterns and the collimation-corrected I(q) measured by the line-collimation apparatus well
coincide with that measured by the point collimated apparatus.
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Figure S4: Phase-contrast micrographs of diluted 2HT dispersions (scale bar = 100 µm). These
dispersions were prepared by diluting the mother dispersions of 2HT at different CaCl2 salt
concentrations by 20 times with Millipore water.
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Interactions between the 2HT membranes.

To model interactions between the 2HT membranes, we calculated interaction free energy for

two flat surfaces per unit area based on Derjaguin-Landau-Verwey-Overbeek (DLVO) theory,

accounting for the attractive van der Waals and repulsive electric double-layer forcesS5–S8. The

total potential, VDLVO, between the surfaces can be described as the sum of two contributions,

the van der Waals interaction, VA, and the electric double-layer interaction, VR as VDLVO =

VA + VR, where

VA = − A

12π

{
1

h2
+

1

(h+ 2δ)2
− 2

(h+ δ)2

}
(S1)

and

VR = 64nkBTχ
−1

[
tanh(

eψ0

4kBT
)

]2
exp(−χh). (S2)

A, h, δ, n, e and ψ0 respectively denote the Hamaker constant, surface separation, the bilayer

thickness, number density of ions, charge of an electron, and surface potential obtained from

the equation, σ0 = (8NAIε0εmkBT )1/2 sinh( eψ0

2kBT
), where σ0 is the surface charge density and

I is the ionic strength. The van der Waals potential between two flat surfaces, VA, has a distance

dependence of VA ∼ h−2 as indicated by eq. S1, thereby being inherently short-ranged and

causing strong adhesion at a contact distance. The strength and the screening of the electrostatic

double-layer potential are mainly determined by the surface charge density and the salinity of

the intervening water, respectively. Higher salt concentration results in the faster decay of the

potential. Monolayer compression isotherms of dialkyl dimethyl ammonium salt surfactants

indicated the headgroup area of ca. 60 Å2, whereas ca. 40 Å2 is obtained if all hydrocarbon

chains are assumed to be crystalline and packed into a hexagonal lattice having a repeat distance

of 4.2 Å.

We also tested Sogami-Ise potential, VSI, which assumes a weak long-range electrostatic

5



attraction mediated by the intermediate counterions,S9–S12

VSI =
σ0

2

εmε0

exp(−χh)

χ
(3 − χh). (S3)

The depth of the potential minimum becomes shallower at higher salt concentration, where the

surfaceseparation is smaller.

Recently, Hishida and coworkers suggested the modified electric double layer interaction

potential, VDL, given by

VDL =
2πεmε0 (kBT )2

e2

(
1

h
− 1

hmax

)
+

2I − ρ0
Z

kBTNA (h− hmax) , (S4)

in which additional osmotic pressure arising from an ion concentration difference between inner

and outer aqueous phases separated by vesicle architecture is taken into accountS13. The modi-

fied DLVO potential, Vmod−DLVO, is thus given by a sum of the van der Waals and the modified

electric double layer potentials as Vmod−DLVO = VA + VDL. They claimed that this model can

explain co-ion-valence effects on the lamellar repeat distance between anionic bilayers. Within

the framework of this model, the potential minimum becomes markedly deeper with increas-

ing salt concentration, which predicts a highly ordered state of the membranes at higher salt

concentration.

The interaction free energies, VDLVO, VSI, and Vmod−DLVO, are shown in Figure 9 and all

parameters used in this calculation are listed in Tables S2, S3, and S4.
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Table S1: Densities of the dispersions. The 2HT concertation was fixed to 10 wt.%, correspond-
ing to 0.174 mol/L.

CaCl2 concentration [mmol/L] density [g/cm3]

0 0.987F

2.7 0.98617
5.3 0.98711
8.9 0.98701

13.3 0.987F

17.8 0.987F

26.7 0.987F

44.5 0.987F

F Fixed value

Table S2: Parameters used for calculating DLVO interaction free energy, VDLVO, for two charged
flat surfaces shown in Figure 9A.
Parameter value

Boltzmann constant kB [J/K] 1.38 × 10−23

permittivity of vacuume ε0 [C/V m] 8.85 × 10−12

Avogadro number NA [mol−1] 6.02 × 1023

charge of an electron e [C] 1.60 × 10−19

(relative) permittivity of solvent εm [-] 78.36
Temperature T [K] 298.15
Hamaker constant A [J] 5 × 10−21

surface charge density σ0 [C/m2] 4.0 × 10−2

layer thickness δ [nm] 4.8
degree of counterion dissociation [-] 0.1
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Table S3: Parameters used for calculating effective potential of Sogami-Ise, VSI, for two charged
flat surfaces shown in Figure 9B.
Parameter value

Boltzmann constant kB [J/K] 1.38 × 10−23

permittivity of vacuume ε0 [C/V m] 8.85 × 10−12

Avogadro number NA [mol−1] 6.02 × 1023

charge of an electron e [C] 1.60 × 10−19

(relative) permittivity of solvent εm [-] 78.36
Temperature T [K] 298.15
surface charge density σ0 [C/m2] 4.0 × 10−2

Table S4: Parameters used for calculating modified DLVO interaction free energy, Vmod−DLVO,
shown in Figure 9C.
Parameter value

Boltzmann constant kB [J/K] 1.38 × 10−23

permittivity of vacuume ε0 [C/V m] 8.85 × 10−12

Avogadro number NA [mol−1] 6.02 × 1023

charge of an electron e [C] 1.60 × 10−19

(relative) permittivity of solvent εm [-] 78.36
Temperature T [K] 298.15
Hamaker constant A [J] 5 × 10−21

layer thickness δ [nm] 4.8
concentration of the counter ion originally stuck to 2HT ρ0 [mol/cm3] 1.74 × 10−5

valence of the ionic species Z [-] 2
maximum surface separation hmax [nm] 38.8
degree of counterion dissociation [-] 0.1
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