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Note S1

Polarized Light Microscopy (PLM). 

The PLM images of Ia3d and Pn3m do not exhibit any optical texture, which is characteristic 

of their highly ordered cubic symmetry. The cubic phases have to thus be distinguished by 

small angle x-ray scattering experiments.

Figure S1. Small-angle X-ray scattering pattern of HII, Pn3m and Ia3d phases at 298 K.

Note S2

Instrumentation.
Small-angle X-ray scattering (SAXS).

The scattering experiment was performed on the line collimated Anton Paar SAXSess mc2 

system equipped with a sealed tube copper X-ray source, operating at 40 kV and 50 mA and 

providing characteristic radiation of wavelength of 1.54 Å. The experiment was carried out in 

the q range of 0.01 to 0.6 Å−1. The sample was filled in the paste cell on a TCS 300-c stage and 

scanned at room temperature. The scattered data was collected by a 2-D Princeton Instruments 

PI-SCX:4300 CCD detector. The 1-D scattering profiles were corrected for transmission and 

background scattering in the Anton Paar SAXSquant softwares.

The observed peak distance ratios for HII, Pn3m and Ia3d are √1:√3, √2:√3:√4:√6:√8 

and √6:√8:√14:√16 respectively (Figure S1). The observed peaks match the ideal SAXS 

diffractograms for these phases, confirming the formation of HII, Pn3m and Ia3d phases.
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Figure S2. Small-angle X-ray scattering pattern of HII, Pn3m and Ia3d phases at 298 K.

Note S3
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Calculation of water channel radius:

The water nanochannel radii of Pn3m, Ia3d and HII LLC phases have been calculated 

based on the IPMS model.1, 2 

The bicontinuos cubic phases (Pn3m and Ia3d):

For the two cubic phases Ia3d and Pn3m, we first find out the lipid chain length which 

is then followed by the calculation of the radius. The lipid chain length (l) can be obtained as,

                                                       Φ𝑙𝑖𝑝 = 2𝐴 ∗ 𝑙
𝑎

+
4𝜋𝜒

3 ( 𝑙
𝑎)3                                                     (1)       

where, Φlip is the total volume fraction of the lipid (GMO) used in the binary mixture during 

the preparation of the phases, A* is the area of the surface in the unit cell with the lattice 

parameter equals to unity, χ is the Euler-Poincare characteristic and a is the lattice parameter 

calculated using the peak position of the highest intensity reflections (110 for Pn3m and 211 

for Ia3d phases respectively). Following the calculation of the monolayer thickness value, the 

radius of the water nanochannels of the cubic phases can be obtained as,

                                                     𝑅𝑤 = ( 𝐴 ∗

2𝜋|𝜒|)
1

2𝑎 ‒ 𝑙                                                              (2)     

The values of A* and χ are 3.091 and -8 respectively for the Ia3d phase and 1.919 and -2 for 

respectively for the Pn3m phase.1, 2 The above equation can be written as follows for the cubic 

phases,

For Ia3d phase,                                                                                    (3)𝑅𝑊 = (0.2480)𝑎 ‒ 𝑙

For Pn3m phase,                                                                                  (4)   𝑅𝑊 = (0.3908)𝑎 ‒ 𝑙
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The calculated diameters for the water nanochannels of the synthesised Pn3m and Ia3d phases 

at 23% volume fraction of water come out to be 2.26 nm and 2.47 nm. 

The reverse hexagonal phase (HII):

The radius of the water nanochannel in the HII phase have been calculated by the following 

equation, 1, 2

                                    𝑅𝑤 = 𝑎(√3(1 ‒   Φ𝑙𝑖𝑝

2𝜋 )1
2                                                            (5)     

Where, Φlip is the total volume fraction of the lipid (GMLO) used in the binary mixture during 

synthesis and a is the lattice parameter, which is obtained from the peak position of the highest 

intensity (100). The calculated diameter for the synthesised HII phase at 23% volume fraction 

of water is 2.405 nm.
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Figure S3. Absorption spectra of FIS in aprotic and protic solvents.

Figure S4. Emission spectra of FIS in different protic and aprotic solvents at λex = 360 nm.
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Table S1. Kamlet-Taft solvent parameters for some solvents

 aExperimental value
The Kamlet-Taft parameters and values of IN* /IT* for 3HF have been taken from Photochem. Photobiol. 
Sci., 2018, 17, 923.  The dash signifies  that only tautomeric emission was present.
The values of IN* /IT* for FIS have been taken from Photochem. Photobiol., 2007, 83, 486.

 

Figure S5. Excitation spectra of FIS in water and LLC phases at  λem = 540 nm.

Solvent α β IN* /IT* (FIS) IN* /IT* (3HF)

Methanol 0.98 0.66 0.9345 0.442

Ethanol 0.86 0.75 0.387 0.30

Acetonitrile 0.19 0.40 0.018a 0.021 a

Tetrahydrofuran 0.0 0.55 0.014 a 0.070 a

Benzene 0.0 0.10 0.011 -
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Figure S6. Absorption spectra of 3HF in aprotic and protic solvents.

Figure S7. Steady state emission spectra of 3HF in water, methanol, acetonitrile and LLC 
phases on excitation at 340 nm.
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Figure S8. Excitation spectra of 3HF in water and LLC phases at (a) λem = 480 nm (b) λem = 
530 nm.

Figure S9. Lifetime decay profiles of FIS in 
(a) Ia3d and (b) Pn3m LLC phases collected at different emission wavelengths. The solid lines 
denote the fits of the decay profiles.
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Figure S10. Lifetime decay profiles of 3HF in (a) Ia3d and (b) Pn3m LLC phases collected at 
different emission wavelengths. The solid lines denote the fits of the decay profiles.

Table S2. Lifetime fitting parameters of 3HF and FIS in neat solvents from femtosecond 
up-conversion experiments.

Table S3. Lifetime fitting parameters of FIS and 3HF in Water from TCSPC 
Experiments.

Sample α1 τ1 (ps) α2 τ2 (ps)

3HF in MeOH - 0.48 15 0.52 200

3HF in CH3CN - 0.35 10 0.65 660

FIS in MeOH - 0.40 13 0.60 300

FIS in CH3CN - 0.31 8 0.69 530

Sample λem α1 τ1 (ns) α2 τ2 (ns) α3 τ3 (ns)

3HF in water 550 0.99 0.170 0.01 3.781 - -

FIS in water 550 0.09 1.045 0.74 0.050 0.17 0.325
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Figure S11.Time resolved area normalised spectra of FIS in (a) Ia3d and (b) Pn3m LLC phases.
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Figure S12.Time resolved area normalised spectra of 3HF in (a) Ia3d and (b) Pn3m LLC 
phases.
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Computational Studies

In order to determine the ground state of the FIS (FIS: Water) molecule in gas (solvent) phase, 

we have performed DFT based calculations using the Gaussian Software (G09-rev-D).3 We 

have used the B3LYP exchange-correlation functional4  and double zeta basis set5. We find 

that the lowest energy structures of the FIS molecule are planar (Figure S12 a)). However 

FIS:Water lowest energy structures lost planarity and water molecule formed hydrogen bonded 

with hydroxyl group as shown in the following Figure S12 b). Here we defined proton transfer 

co-ordinate (δ), as the difference between non-covalent bond (d1) and O-H covalent bond (d2) 

of FIS molecule. Similarly, we defined another proton transfer co-ordinate (δ`), as the 

difference between non-covalent bond (D1) with hydrogen bonded water molecule in 

FIS:Water complex and O-H covalent bond (D2) of the molecule. We performed one 

dimensional (1D) potential energy profile of both important proton transfer coordinates (δ and 

δ`). The negative values of the proton transfer coordinate (PTC) would result in tautomers of 

the FIS molecule. We showed important optimised hydrogen bonding parameters in Figure S13 

and Figure S14. Then further we compared with intrinsic co-ordinates (IRC) (Figure S16). 

Furthermore, excited state study performed by TDDFT and computed electron density 

difference map (EDDM) (Figure S15) of the first excited transition by Gauss-Sum package.6 

The EDDM profile shows charge transfer of FIS molecule.
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Figure S13. Optimized geometries of a) FIS molecule and b) FIS:Water complex.

Normal (N) Tautomer (T)

Transition State (T.S)
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Figure S14. Optimized ground state molecular structures of the normal, tautomer and proton 
transfer transition state structures of FIS in gas phase. Bond distances are indicated with arrows.

 

Figure S15. Optimized ground state molecular structures of the normal, tautomer and proton 
transfer transition state structures of FIS:Water complex. Bond distances are indicated with 
arrows.

Normal (N) Tautomer (T)

Transition State (T.S)
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Figure S16: Electron density difference maps (EDDM) of the normal and tautomer forms of 
FIS and the normal and tautomer forms of FIS:Water complexes. Hydrogen bonding is denoted 
by grey dashed lines.

FIS Normal (N) FIS Tautomer (T)

Normal form of FIS:Water Complex Tautomer form of FIS:Water Complex
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Figure S17:  The intramolecular reaction coordinate (IRC) profile of (a) FIS:Water complex 
and (b) FIS along proton transfer coordinate.
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