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Supporting information Section 1: Estimation of micellosome and hexosome size ratios 

Knowing the lattice parameters, a, for the underlying Fd3m and HII phase of the micellosomes 
and hexosomes, respectively, and making an estimation of the position of the Gibbs-dividing 
surface (this concerns the effective lipid length l), it is straight forward to calculate water radii 
(RW) and water volume fractions (W) of each respective phase.1-2 These parameters are 
summarized in the following equations for the water radii of the small (S) and big (B) micelles 
in the Fd3m phase as well as for the water radius in the HII phase (S1-S3). The water volume 
fractions are given in S4 and S5: 

 

RW (S) = 2/8 – l                                                     (S1) 

RW (B) = (3)/8 – l                                                     (S2) 

RW (HII) = a/2 – l                                                     (S3) 

W (Fd3m) = (16∙4π/3 RW (S)3 + 8∙4π/3 RW (B)3)/a3                                                                         (S4) 

W (HII) = π RW (HII)2/(3/2 a2)                                                    (S5) 

 

Finally, we can estimate the ratio of particle diameters of the micellosomes and hexosomes, 
D(HII)/D(Fd3m). Under the assumption that (i) both particles are approximately spherical in 
shape, and (ii) the entire volume change of the particle is due to changes in the water volume, 
VW, i.e., assuming the lipid volume, VL, to be unaltered during a micellosome to hexosome 
transition, and using the experimental values of aHII = 47 Å, aFd3m = 149 Å and varying l from 
13 to 18 Å, we obtain particle size increases to vary from 0.6 to 2%. Note the ratio of VFd3m/VHII 
equals 1-ΔW. 

 

Supporting information Section 2: Lattice parameter analysis from Cryo-TEM data 

The lattice parameter of the corresponding individual nanoparticle were determined by the 

positions of the detected peaks in the FFT, which correspond to the reflections from the planes 

defined by their Miller indices (h k l). The lattice parameter is determined as follows: 

 𝑎 =  𝑑ℎ𝑘𝑙 ∙ (ℎ2 + 𝑘2 + 𝑙2)                                                                (S6) 

 

where 𝑑ℎ𝑘𝑙 is the d-spacing of the plane (hkl) which can be measured using Fiji.3 The d-spacing 

of each reflection in the FFT was determined using TrackMate4 and so the lattice parameter of 

the individual nanoparticle can be calculated. The indexing of the data can be shown as a plot 

of the reciprocal d-spacing versus √(ℎ2 + 𝑘2 + 𝑙2). For a correctly indexed cubic structure, 



such a plot should be linear with a gradient equal to the reciprocal of the lattice parameter of 

the Fd3m phase and should pass through the origin.5  

 

 

Figure S1: Indexing of FFT reflections to obtain the lattice parameter of Fd3m micellosomes. 
(𝑎) Left: FFT generated from the cryo-TEM image in Figure 4a. The 111, 220, 131 and 222 

reflections were indexed. Right: The observed reciprocal spacings versus √(h2+k2+l2) for the 
Fd3m nanoparticle in Figure 4a and the fitting (red line) to a linear plot through the origin 
confirms the structure has been correctly indexed to the Fd3m space group with a lattice 
parameter of 149.3 Å. (𝑏) Left: FFT generated from the cryo-TEM image in Figure 4e where 
the 220, 131, 511 and 440 reflections were observed. Right:  fit of the reciprocal spacings 

versus √(h2+k2+l2) confirm the indexing as space group Fd3m with a lattice parameter of 137 
Å. 

 



 

 

Figure S2: Indexing of FFT reflections of a further two Fd3m micellosomes of 
MO:Olalc:DOBAQ 56:41:3 mol%  to obtain the lattice parameter. (𝑎) (i) Cryo-TEM image of 
a nanoparticle aligned along the [114] orientation with respect to the electron beam. The red 
box indicates the region used to apply the FFT. (𝑎) (ii) FFT generated from the cryo-TEM 
image in (𝑎) (i) where the 220, 131, 511 and 440 reflections were observed. (𝑎) (iii) Fit of the 

reciprocal spacings versus √(h2+k2+l2) confirm the indexing as space group Fd3m with a 

lattice parameter of 142.5 Å. (𝑎) (iv) Simulated transmission electron microscopy (TEM) 
diffraction pattern viewed down the (114) plane normal of an Fd3m phase with assigned Miller 
indices. The corresponding FFT applied to the red box region of (𝑎) (i) is in excellent agreement 
with the simulated pattern. Each theoretical reflection from the simulated diffraction pattern 
indexed in (𝑎) (iv) corresponds to the same reflection in (𝑎) (ii). (b) (i) Cryo-TEM image of a 
nanoparticle aligned along the [112] orientation. The red box indicates the region used to apply 
the FFT. (b) (ii) FFT generated from the cryo-TEM image in (b) (i) where the 111, 220, 311, 

222, 333 and 440 reflections were observed. (b) (iii) Fit of the reciprocal spacings versus √

(h2+k2+l2) confirm the indexing as space group Fd3m with a lattice parameter of 146.4 Å. (𝑎) 
(iv) Simulated transmission electron microscopy (TEM) diffraction pattern viewed down the 
(112) plane normal of an Fd3m phase with assigned Miller indices. The experimental and 
simulated patterns are in excellent agreement. Each theoretical reflection from the simulated 
diffraction pattern indexed in (b) (iv) corresponds to the same reflection in (b) (ii). 

 

Supporting Information Section 3: Determination of the micelle positions in Fd3m 

nanoparticles 

Micelle positions and packing in Fd3m nanoparticles were determined by comparing our 
experimental inverse FFT image extracted from Figure 4a (Figure S3a, not Gaussian blurred) 
with the electron density map of a previously published DOPC:DOG 1:2 mol% system (Figure 
S3b and S3c) adopting an Fd3m phase. Details on experimental X-ray spacings, intensities, 



moduli of the structure factors, phasing and method used to calculate the electron density maps 
can be found in Tyler et al..6 Electron density maps were reconstructed for the (110) section 
(symmetry c2mm) through (5a/8, 5a/8, z) as shown in Figure S3b and S3c.  A direction 
perpendicular to the (110) section was chosen and five 2-D serial sections of the 3-D electron 
density map, with a distance between each section of 1/(4√2), revealed the distribution of the 
different micelles along the (110) section within one period of variation of the electron density 
map. It should be noted that in certain 2-D sections, the smaller micelles can appear larger than 
the micelles that are in fact bigger. This occurs if the section cuts through the centers of the 
smaller micelles and so samples their maximum radius, but is offset from the centers of the 
larger micelles and so samples a smaller section through their pseudo spherical shape. Figure 
S3d shows the (110) plane in the Fd3m unit cell (only the big micelles are shown here). Figure 
S3b shows the electron density map from the plane that cuts through the center of big micelle, 
from which clear big to big (dB-B), and small to small (dS-S) micellar distances can be observed 
(note, these are the shortest micelle to micelle distances). In Figure S3c, the B*- B* micelle 
distance defines the nearest big to big micelle distance in this particular plane, i.e., the nearest 
micelle distance, referring to their hexagonal arrangement. The length of B*- B* can be 
calculated as followed: 

 𝑑𝐵∗−𝐵∗ = 2 ∙ 𝑑𝑆−𝑆                                                                (S7) 

 

Depending on the 2-D section viewed, some only show the big micelles (Figure S3c), which 
exactly match the pattern from the inverse FFT and correspond to B*-B* distances. 

 



 

Figure S3: Geometrical details of the (110) plane given in the Fd3m phase. a) Inverted FFT 
image extract from Figure 4c which has not been image processed; electron density maps of 
DOPC/DOG 1:2 adopting an Fd3m phase at different heights: b) central cut through the big 
micelles (adapted from Tyler et al. PCCP with permission from the PCCP Owner Societies); c) 
lower central cut through the big micelles; e) schematic of the Fd3m unit cell with the (110) 
plane shown in red. Only the big micelles are shown in the schematic. 

 

 

Figure S4: Inverse FFT of only the -220 and 220 reflections (corresponding to√8 reflections) 
from the nanoparticle in Figure 4e, highlighting that the S-S micelle distance in the [114] 
orientation corresponds to the plane to plane distance of the small micelles rather than the 
distance between two adjacent small micelles shown in Figure S3b. 
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