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Experimental

Density and partial molar volumes
Density measurements were performed using an Anton-Paar Density Meter (DMA 4500 M) requiring a
sample volume of 1 mL. Density measurements were performed to make the calculation of partial molar

volumes Vin(©) of Blue in buffer possible. For this purpose, five solutions containing Blue concentrations
between 1 mM (0.37 g L) and 20 mM (7.39 g L!) were prepared in an NaHCO3/Na,CO; buffer (pD = 10.7,
/=0.25) in 100 % D,0. The densities of these solutions as well as of the buffer were measured after
equilibrating the temperature of each sample to 25 °C. This yielded sample densities (P) and the density

of the buffer corresponding to the solvent (pO).

First, the partial molar volume of Blue in each of the measured solutions was calculated according to

eq (1).
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In eq (1) c is the mass concentration of Blue and M its molar mass. In the present case, partial molar
volumes V,(c) did not depend on c. Therefore, the average of all determined V,,(c) was calculated to
obtain the partial molar volume of Blue. Further partial molar volumes were obtained from literature.
Table SI1 summarizes partial molar volumes used for the calculation of scattering length densities (SLD)
of assembly components and of assembly volume fractions, the latter being required as an input
parameter in SasView.

Viscosity
The kinematic viscosity ¥ of a NaHCO3/Na,CO; buffer (pD = 10.7, I = 0.25 M) in D,0 was determined using
an Ubbelohde viscosimeter. (Type 52710/1 Schott, viscosimeter constant K = 0.009433 mm? s2). Viscosity



measurements were performed at 25 °C. For calculating the dynamic viscosity n, the experimentally

determined buffer density of 70 = 1.11437 g cm™3 at a temperature of 25 °C was used:

n=v-pq (2)

Dynamic light scattering

Light scattering measurements were performed on an ALV CGS-3 Compact Goniometer System
(ALV GmbH, Langen, FRG) using a HeNe laser at a wavelength of 632.8 nm. Measurements were
performed using cylindrical quartz glass cuvettes with an inner diameter of 1 cm. The temperature of the
the sample in the toluene bath was controlled using a thermostat and set to 25 °C. Intensity correlation
functions (g'?(t)) resulting from dynamic light scattering (DLS) were fitted with a mono exponential model
according to the revised method of cumulants, which permits the inclusion of longer correlation times
into the analysis as compared to the traditional method of cumulants.? An expansion up to the second
cumulant was considered:

9(2)(T)=B+ﬁ-e><p(—2”)'(1 +;-T2)2 (3)

B is commonly referred to as baseline or the long-time value of gi?(t), B is a factor that depends on
experimental geometry, I is the decay rate, u, is the second-order cumulant and tis the correlation time.
An apparent diffusion coefficient D,,,, which potentially depends on the scattering angle, can be
calculated from the decay rate:?

_ a2
=Dy, 4 (4)

q is the magnitude of the scattering vector, which is calculated from the scattering angle. If D,,, shows an
observable g-dependency, the diffusion coefficient D is then obtained from the intercept in a linear fit
according to the dynamic Zimm equation:3

Dopp(@®)=D-(1+K-q*) (5)

where D is the diffusion coefficient of the particle and K a factor depending on sample polydispersity,
particle morphology and size. If the sample consists of monodisperse spheres, K= 0 and D,,,(q) = D.

The hydrodynamic radius Ry, of the particles or assemblies in solution is obtained from the Stokes-Einstein-
equation:?

kg T

h™— 6 CTT n - D
Where kg is Boltzmann’s constant, T the temperature and n the dynamic viscosity of the solvent.

(6)

In the presented work, dynamic light scattering experiments were performed on solutions containing
differently deuterated species of DTAB at a concentration of [DTAB] = 30 mM in a NaHCO3/Na,CO; buffer
(pD =10.7,1=0.25 M) in D,0. The viscosity of the buffer was measured according to the above-described
procedure and amounts to n = (1.157 £ 0.002) cP at a temperature of 25 °C.



Scattering length densities

For the analysis of small-angle neutron scattering curves with form factor models, the volume fraction of
the Blue-DTAB co-assembly was fixed to a value calculated from known partial molar volumes V,, and
concentrations of assembling molecules. For this purpose, it was assumed that partial molar volumes
estimated for the components remain unchanged while being incorporated into the assemblies and that
all molecules participate in assembly formation, ignoring the existence of monomeric molecules below
the critical micelle concentration (cmc) of these molecules. Given the neglect of the cmc and considering
that molar volumes are likely to be slightly altered upon assembly formation, the presented strategy
results in an estimation rather than a precise calculation of volume fractions. Nevertheless, it is good
enough to facilitate reduction of the number of parameters during fitting, which by no means lowers the
validity of the obtained size parameters. Above all, the scattering length density (SLD) was fitted in most
cases.

Table SI1 summarizes partial molar volumes used for the calculation of assembly volume fractions and
theoretical SLDs of molecules and structural units. The scattering length density SLD of a molecule can be
calculated from the coherent scattering lengths b; of its constituting atoms, their respective number n;
and the partial molar volume of the molecule V,, according to eq (7):*

an-bj ,
SLD=NA.’V— (7)
m

In eq (7) N, is Avogadro’s number in [mol?], the partial molar volume V,, is given in [cm3 mol '] and
scattering lengths b; are given in [cm].



Table SI1: Partial molar volumes and scattering length densities of molecules and structural building blocks. Additivity of partial
molar volumes was assumed. Concentration of buffer salts in the solvent: [NaHCO3] = 0.0214 mol L%, [Na,CO5] = 0.0786 mol L.

Molecule or structural units Vm SLD.,

cm3 mol? 10° A2

BlueH (C;3HgCIN4O3S;) 246.31' 3.004

Blue (deprotonated, C;3HgCIN,03S,) 218.58" 3.028
CH, 32.70° -0.842

CDs 32.70" 4.910

CH, 16.20° -0.309

CD, 16.20° 7.430

N(CHs);Br 91.81v67 0.160

N(CDs)sBr 91.81" 6.306

h34-DTAB (Cy5H34BrN) 302.70V -0.224
d34-DTAB (Cy5D34BrN) 302.70V 6.817
CH3(CHa)1 210.89" -0.392

CD3(CDy)11 210.89V 7.040

H,O 18.078 -0.558

D,0 18.138 6.358

NaHCO;/Na,CO; buffer in 100 vol% D,0 18.04V7 6.376
NaHCO5/Na,CO; buffer in 50 vol% D,0 and 50 vol% H,0 2.918W
NaHCO3/Na,CO; buffer in 100 vol% H,0 17.98V7 -0.540V'

'Measured, "Calculated from measured data and V,,(H*) =-5.5 cm3 mol™! following additivity principles.”?, "Assumed to be the
same as for the hydrogenated species., 'VCalculated assuming additivity of molar volumes., YCalculated assuming additivity of
molar volumes and considering buffer composition., V'Calculated considering buffer composition., V'Calculated considering SLDs
of buffers containing 100 vol% D,0 and 100 vol% H,0.



Figure SI1: Cryo TEM images of a solution containing [Blue] = 10 mM and [DTAB] = 30 mM in an aqueous NaHCOs/Na,CO; buffer
with pH =10.5and / = 0.25 M.

Small-angle neutron scattering and assembly structure

Pure DTAB micelles

The size of pure DTAB micelles in the applied NaHCO3/Na,CO; buffer (pD = 10.7, / = 0.25 M) in D,0 at 25 °C
was studied by recording SANS curves from solutions of three differently deuterated DTAB species, i.e.
h;,-DTAB, d3,-DTAB and d,s-DTAB, with a total DTAB concentration of [DTAB] = 30 mM (Figure SI2).

Furthermore, a SANS curve was recorded from a solution containing DTAB with a concentration of
[DTAB] = 30 mM and at match composition (46 vol% d,s-DTAB and 54 vol% d3,-DTAB) and is also shown in
Figure SI2. The curve is lacking any g-dependence and thus confirms successful matching of the SLD of the
DTAB mixture to the SLD of the solvent.

SANS curves from the other three samples were described using the product of a form- and a structure
factor, as the use of a structure factor improved the fit in the lowg regime. In all cases, a structure factor
derived by Hayter and Penfold was used assuming a micellar charge of 15.1%! The assumption of a micellar
charge of 15 resulted in a better fit compared to the assumption of a micellar charge of 10, 20, 30 or 50.
It is emphasized, that the choice of a micellar charge within this range does not affect the resulting fit
parameters (re, and r,), as these parameters agree when rounded to the nearest integer (investigation
not shown). The salt concentration was set to the ionic strength of the buffer (0.25 M) and the D,0
dielectric constant was set to 78.06 considering the measurement temperature of 25 °C.1?

For describing SANS curves emerging from solutions of h;,-DTAB and d3,-DTAB, the form factor model of
an oblate spheroid with homogeneously distributed scattering length density (SLD) was used.'® For
describing the SANS curve emerging from a solution of d,s-DTAB, a core-shell structure was employed.
Results from form factor fitting are displayed in Table SI2. The structure of DTAB micelles was previously
studied in NaBr solutions, corresponding either to oblate spheroids of revolution or to triaxial ellipsoids



depending on the ionic strength of the solution.’® The results from this reference agree with the
dimensions of the DTAB micelles displayed in Table SI2.1°
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Figure SI2: SANS curves of solutions containing 30 mM DTAB with different degrees of deuteration in a NaHCO3/Na,CO3 buffer
with pD = 10.7 and ionic strength I=~025M, D,0 was used to prepare the buffer. From a solution containing 46 vol% d,s-DTAB
and 54 vol% d3;-DTAB no g-dependent scattering is observed (o). Fits are shown as red lines and correspond to the product of
the form factor of an oblate spheroid with a structure factor derived by Hayter and Penfold for h3,-DTAB and d3,-DTAB.2%! For
d,s-DTAB, the product of the form factor of an oblate core-shell spheroid with the same structure factor was used.

Table SI2: Parameters resulting from fitting SANS curves of solutions containing differently deuterated DTAB species in an
NaHCO3/Na,CO; buffer (pD = 10.7, I = 0.25 M) in D,0 and at a concentration of [DTAB] = 30 mM. The scattering length density of
the solvent SLD,gen: Was fixed to 6.376 - 106 A2, For fitting SANS curves from solutions of h3,-DTAB or d3,-DTAB, the form factor
model of an oblate spheroid was used. For fitting the SANS curve from a solution of d,;-DTAB, the form factor model of a core-
shell oblate spheroid was used.
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Surfactant rgq rAP 1(§éDAz X
h;4-DTAB 22.357 £ 0.009 14.048 + 0.008 -0.11+0.04 12.667
ds34-DTAB 25.6+0.7 19.3+1.0 7.1+0.2 1.4089
toh Feore,eq Feore,p SLDcore SLDspel X
A A A 106 A2 10°% A
d,s-DTAB 7.1+0.8 17.5+0.6 119+1 6.80 £ 0.08 51+0.3 1.6331
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req — equatorial radius, r, — polar radius, SLD — scattering length density of scatterer, X — chi square parameter divided by the
number of datapoints, th — shell thickness, rcore eq — €quatorial radius of the core, reqre, — polar radius of the core, SLDcore —
scattering length density of the core, SLDqe — scattering length density of the shell

However, Table SI2 reveals discrepancies between the radii of h3,-DTAB micelles and the radii of d;,-DTAB
or d,;-DTAB micelles, obtained from form factor fits to corresponding SANS curves. A first attempt to
explain these differences could be based on the occurrence of “isotope effects”, i.e. different sizes of
micelles being caused by different degrees of deuteration of the surfactant. Such effects were previously
observed for alkyltrimethylammoniumbromide surfactants when changing solvent composition in terms
of H,0/D,0 ratio in the solvent.>'® Conversely, the use of differently deuterated species in the same
solvent was previously not suspected to result in observable differences of assembly size and structure.’
Furthermore, DLS data collected before the neutron experiment on the very same solutions do not
suggest a change in size of DTAB micelles when varying its isotopic composition from hs,-DTAB over
d,s-DTAB to ds;-DTAB. Correlation functions of solutions containing [DTAB]=30mM in the
NaHCO;/Na,CO; buffer in D,O overlap at all angles and are shown exemplarily for three angles in
Figure SI3. Furthermore, fitting the correlation function with a single-exponential decay according to a
revised method of cumulants (eq (3)) resulted in similar apparent diffusion coefficients D,,, for solutions
of all DTAB-species and at all probed angles (Figure SI4).2 Finally, Table SI3 shows hydrodynamic radii Ry,
obtained for each DTAB-species. Apparent differences lay within the range of the error and micelles of
h3,-DTAB, d,s-DTAB and d;,-DTAB are therefore of the same size according to dynamic light scattering
measurements. In addition to the hydrodynamic radii R,, of DTAB micelles, Table SI3 also shows radii of
gyration obtained from linearized Guinier analysis of corresponding SANS curves (Figure SI5). Radii of
gyration also agree within experimental uncertainty, with an average value of R, = 15.8 A and a maximum
deviation of AR, = 1.7 A.

It was previously suggested that small differences in scattering contrast (ASLD < 2 - 106 A2) do not permit
an accurate size determination, referring to the thickness of the shell in a core-shell structure.!®
Considering the small difference in the scattering length densities (SLDs) between the solvent
(NaHCO3/Na,COj; buffer in 100 vol% D,0) and the trimethylammoniumbromide head group N(CDs);Br
(Table SI1) of the d;,-DTAB molecule, this could be the case for d;,-DTAB. To verify this assumption,
experiments with solvents containing varying H,0/D,0 ratios would need to be performed and compared
to isotope effects caused by the use of different solvents with small-angle X-ray scattering. Here, we
abstained from such an analysis and the differences were attributed to uncertainties in the SLD values.
This is backed by DLS investigations, which reveal the same hydrodynamic radius Ry, for h3,-DTAB, d,5-DTAB
and ds3,-DTAB micelles thus discarding isotope effects. Furthermore, the dimensions of the h3,-DTAB
micelle were used for further evaluation and discussion, as the highest SANS scattering contrast between
surfactant micelle and solvent is obtained in this sample.
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Figure SI3: Intensity correlation functions g'?(t) obtained from DLS measurements with solutions containing h3,-DTAB, d,s-DTAB
or d3,-DTAB at a concentration of [DTAB] = 30 mM in a NaHCO;/Na,CO; buffer (pD = 10.7, / = 0.25 M) in D,0. Mono exponential
fits according to the revised method of cumulants eq (3) are shown in red (h3;-DTAB), dark red (d,s-DTAB) or brown (ds4-DTAB).
Measurement angles O are indicated. T is the correlation time. Due to device-specific configurations, a maximum g?(t) of 0.33 is
expected.
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Figure Sl4: Apparent diffusion coefficient obtained for DTAB micelles from mono exponential fitting of intensity correlation
functions from DLS measurements at different angles according to a revised method of cumulants.? Correlation functions were
obtained from solutions containing [DTAB] =30 mM in a NaHCO3/Na,CO; buffer (pD = 10.7, / = 0.25 M) in D,0. As no angular

dependency was observed, horizontal lines indicate the average of all D,,, for each DTAB species (black: h3,-DTAB, grey: d»s-DTAB,
blue: d3,-DTAB).
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Figure SI5: Linearized Guinier plot and Guinier fits (red lines) of SANS curves of solutions containing of [DTAB] =30 mM in a
NaHCO3/Na,CO; buffer (pD = 10.7, I = 0.25 M) in D,0. The color code has the same meaning as in Figure SI2.

Table SI3: Diffusion coefficient D, hydrodynamic radius Ry, radius of gyration Ry and R,/Ry, of micelles of differently deuterated
DTAB species at a concentration of [DTAB] =30 mM in a NaHCOs3/Na,CO; buffer (pD=10.7, /=0.25 M) in D,0. Diffusion
coefficients were obtained by averaging apparent diffusion coefficients D,,, obtained at different measurements angles. Their
errors correspond to the standard deviation of D,,,. Apparent diffusion coefficients are shown as a function of g in Figure Sli4.
Radii of gyration were obtained from a linearized Guinier analysis shown in Figure SI5.

Surfactant D Rn Re Re/Rn
nm? ms? A A

h3,-DTAB 8.3+0.3 22.7+0.8 14.18 £+ 0.04 0.62+0.03

d,s-DTAB 8.2+0.3 23.1+0.8 17.1+0.3 0.74+0.05

d;,-DTAB 8.6+0.3 22.0x0.7 16.2+0.3 0.74+0.05




Wormlike micelles and dependency on absolute concentration
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Figure SI6: Full contrast SANS curves from solutions containing Blue and DTAB at a molar ratio of [Blue]:[DTAB] = 1:3 with absolute
concentrations of Blue given in the legend. Solutions were prepared in a NaHCOs/Na,COs; buffer (pD = 10.7, / = 0.25 M) in D,0.
The inset shows the Holtzer plot of experimental SANS curves including model fits. Red curves correspond to fits according to the
form factor model of a flexible cylinder with elliptical cross section. Blue curves correspond to fits according to the form factor

model of a flexible cylinder with circular cross section and set relative standard deviation of the cross section radius (o/7 = 0.14)
considering a number-weighted Schulz distribution of the cross section radius. Fit parameters can be found in Table SI6. Reduced

2
X values are compared in Table SI5.

Figure SI6 shows SANS curves of solutions containing Blue and DTAB with a molar ratio of
[Blue]:[DTAB] = 1:3 at different absolute concentrations. The inset shows the Holtzer plot of the same
curves. Three features shall be outlined in detail. (1) A significant scattering signal due to the formation
of micellar assemblies is observed from a sample containing [Blue] =2.5 mM and [DTAB] =7.5 mM.
[DTAB] = 7.5 mM lays below the critical micelle concentration (cmc) of pure DTAB (9 mM in the employed
buffer system), which shows that the addition of Blue lowers the cmc of pure DTAB. This was reported in
a previous publication and is commonly observed for the addition of solute to surfactant systems.1%20 (2)
All SANS curves are well described with the form factor model of a flexible cylinder with elliptical cross
section with cross section dimensions ryiner and rimaor remaining almost constant for all samples (Table Si4).
In addition to a form factor fit according to this model, Figure SI6 also shows form factor fits of the same
curves using the form factor model of a flexible cylinder with circular cross section and polydispersity in
the cross section radius. This polydispersity was considered by a number-weighted Schulz distribution of
the cross section radius and the relative standard deviation of the number average cross section radius
was fixed to 0/7‘ = 0.14. As visible from Figure SI6 at g > 0.2 A1, SANS curves are better described with an
elliptical rather than a polydisperse circular cross section. In order to well describe the SANS curves using



a circular cross section, the polydispersity of the radius would have to be increased, which is less
reasonable for the presented system, as the defined hydrophobic chain length and head group size of
DTAB molecules does not permit a strong variation in cross section dimensions. (3) The flexibility of
wormlike micelles formed from Blue and DTAB is confirmed by a distinct maximum in the Holtzer plot of
experimental SANS curves (inset in Figure SI6), which verifies that the contour length L of these micelles
exceeds their persistence length /,.2* Considering the dynamic equilibrium in micellar solutions and the
length polydispersity found for cylindrical Blue-DTAB micelles (Table 1, main document), a size
distribution of the contour length L of flexible cylinders is likely.2> However, to avoid overparameterization
of the fit, this was not considered in the analysis shown in Figure SI6, leading to a systematic deviation of
the employed form factor model from the data towards lower forward scattering intensities in the low-q
region. Results from fitting the form factor of a flexible cylinder with elliptical cross section to the four
experimental SANS curves are shown in Table SI4.

Table SI4: Parameters from fitting the form factor model of flexible cylinders with elliptical cross section to full contrast SANS-
curves of solutions containing Blue and DTAB at a molar ratio of 1:3 in an aqueous NaHCO3/Na,CO3 buffer with pD = 10.7 and
I = 0.25 M. Corresponding fits are shown as red curves in Figure SI6 and Figure SI7.

Cross section
[B lue] [DTAB] r r Lcontour lp SLD Red.
minor mcnzjor . ) B 2
A A A A 106 A2 X
2.5 7.5 13.79 £ 0.03 21.2+2 2049 £ 25 170+ 1 2.289+0.006 2.0045
5 15 13.92+£0.02 21.19+0.07 1705%12 209+1 2.113+0.004 2.7727
7.5 22.5 13.99+0.01 21.22+0.04 1184 +8 2572 2.001 +0.003 8.4383
10 30 14.05+0.01 21.15+0.04 1000 £ 6 300+3 1.910+£0.002 12.326
Average 13.94 21.18 234

It can be seen, that an increase in absolute concentration results in a decrease of the contour length and
absolute scattering length density of the assembly (SLD), whereas the persistence length /, apparently
increases. As L is not significantly larger than /,, the value obtained for /, likely contains a relatively high
error and it is not clear whether the observed trend for /, is real or an artefact from the applied fitting
procedure. For this reason, a separate form factor fit was performed, where /, was kept constant to the
average of [, for all four samples. Furthermore, the cross section dimension of the flexible elliptical
cylinder was kept constant in the second fit, so that only L and the SLD of the assembly were varied.
Polydispersity of the contour length needed to be introduced to describe the low-q region well. Resulting
fits are compared to the model fits already shown in Figure SI6 in Figure SI7.
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Figure SI7: Full contrast SANS-curves from solutions containing Blue and DTAB at a molar ratio of [Blue]:[DTAB] = 1:3 with absolute
concentrations of Blue given in the legend. Solutions were prepared in a NaHCO3/Na,CO; buffer (pD = 10.7, / = 0.25 M) in D,0.
The inset shows the Holtzer plot of experimental SANS curves including model fits. Red curves correspond to fits according to the
form factor model of a flexible cylinder with elliptical cross section, which was employed first. Corresponding parameters were
given in Table Sl4. Blue lines display form factor fits according to the same model where the persistence length /, was kept
constant and a number-weighted Schulz distribution of the contour length L was assumed. Fit parameters are visualized in
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Figure SI8 and reduced X values compared in Table SI5.

As anticipated, introduction of a polydispersity for L improved the fit in the low-q region. However, overall
fit quality was slightly worse compared to the initial fit for two of the four SANS curves, which can be seen
from Table SI5 by comparing corresponding reduced X parameters. This likely results from keeping /,
constant. Nevertheless, parameters resulting from the described analysis are displayed in Figure SI8.
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Figure SI8: Parameters resulting from fitting the form factor model of flexible cylinders with elliptical cross section to SANS curves
of samples containing Blue and DTAB at a molar ratio of 1:3. The persistence length [, = 234 A and dimensions of the cylinder

cross section (Fminor = 13.94 A, Tmajor = 21.18 R) were kept constant (Table SI4). The number average contour length _L, the relative
standard deviation of the number-average contour length assuming a Schulz distribution (o/L) as well as the SLD of the assembly
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were fitted. Fits are shown as blue curves in Figure SI7. Reduced X -values can be found in Table SI5.

Analogous to the initial analysis, a decrease in contour length and SLD is observed when increasing the
absolute concentration of Blue and DTAB at constant molar ratio. The consistency of observed trends for
both fitting procedures permits the following conclusive interpretation of these results. An increase in
absolute concentration results in a shortening of wormlike micelles formed from Blue and DTAB,
increasing the relative amount of cylinder end caps in the system and therefore the spontaneous
curvature of Blue-DTAB assemblies. An increase of the spontaneous curvature of assemblies with
increasing total concentration was previously reported in literature: Bergstrom and Pedersen observed
that an increase in the absolute concentration of mixed DTAB/SDS micelles resulted in a decrease of
micelle size, which was caused by an increase in spontaneous curvature of the assemblies.?® Similarly,
Verma et al. observed the increase of the spontaneous curvature of cetyltrimethylammonium-
bromide/sodium salicylate bilayer structures which transformed to wormlike micelles at higher absolute



concentrations.?* According to references 23 and 24, the increase in the spontaneous curvature of
assemblies with increasing absolute concentration is easily explained by an increase of DTAB-
concentration within dye-surfactant micelles upon increasing total concentration. The discrepancy
between the overall DTAB content of the solution and the amount of DTAB in the Blue-surfactant co-
assembly is caused by a cmc, which keeps some DTAB molecules as free monomers in bulk solution. The
concentration of free monomer corresponds to the cmc of DTAB in the given system. Considering a
constant concentration of free monomer this means that at higher absolute DTAB concentrations the ratio
between the number of DTAB molecules participating in micelle formation and the number of monomeric
DTAB molecules is higher compared to lower absolute DTAB concentrations. Therefore, higher absolute
concentrations lead to a higher percentage of DTAB molecules participating in micelle formation, which
leads to a decrease in the contour length. This assumption is reinforced by the observation of a decreasing
SLD of Blue-DTAB assemblies with higher absolute concentrations, indicating that the SLD of the co-
assembly gets closer to the SLD of DTAB or of the dodecyltrimethylammonium cation DTA*, which is given
in Figure SI8.

To conclude this section, the formation of wormlike micelles with elliptical cross section was observed for
samples containing Blue and DTAB at a molar ratio of [Blue]:[DTAB] = 1:3. The cross section dimensions
were observed to be similar for all samples. An increase in absolute concentration resulted in shortening
of the wormlike micelles, which is easily explained by an increase of the [DTAB]:[Blue] ratio in the Blue-
DTAB assemblies at higher absolute concentrations and a concomitant reduction in spontaneous
curvature of the assembly.
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Table SI5: Comparison of reduced X values for different fits to SANS curves of samples containing Blue and DTAB at a molar
ratio of 1:3 in a NaHCO3/Na,CO; buffer (pD = 10.7, / = 0.25 M) in D,0.

[Blue] [DTAB] Flexible cylinder with Flexible cylinder with Flexible cylinder with
elliptical cross section circular cross section elliptical cross section
and o/T =0.14 and [, =234 A
Red. X’ Red. x* Red. X

2.5 7.5 2.00 12.12 6.60
5 15 2.78 40.13 4.35
7.5 22.5 8.44 88.01 7.67
10 30 12.33 17.20 12.35
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Table SI6: Complete parameter sets from form factor fitting of experimental SANS curves. The reduced X parameter is displayed. The scattering length density of the solvent was fixed to
SLDovent = 6.376 - 106 A2 for all samples except for the sample containing [Blue] = 5 mM and [DTAB] = 30 mM in the full contrast measurement, where SLDoen: Was fixed to 2.918 - 106 A2 according
to solvent composition. Fits assuming an elliptical assembly cross section are compared to fits assuming a circular assembly cross section with fixed relative standard deviation of the cross section

radius (o/7 = 0.14). A number-weighted Schulz distribution of the cross section radius was assumed, hence 7" corresponds to the number average cross section radius. Polydispersity in the cross
section radius was not considered for fitting SANS curves from samples within which the SLD of DTAB was matched to SLDyent to avoid over parameterization. In cases where the form factor model

of a cylinder was used, a number-weighted Schulz distribution of cylinder length with a relative standard deviation of o/L 0.95 was assumed with L being the number-average cylinder length. In

cases, where the form factor model of a triaxial ellipsoid was used, the following relation between radii of the three semi-axes was respected: Tminor < Tmajor <L for full contrast SANS curves and
I core,minor < I'core,major < core,. fOr DTAB matched SANS curves. In core-shell models th is the shell thickness.
Elliptical cross section Circular cross section
Cross section radii Cross section radius
[Blue] [DTAB] | Mode/Model T minor Tinajor Length SLD Red. Mode/Model T of" Length SLD Red.
o o o o 2 o o o 2
mM mM A A A 10 A2 X A A 106 A2 X
Full contrast/ - 0/_r =
T = .
Triaxial 15.3+0.2 22.0+0.3 32+0.3 >.778 1.319 Full c.ont.jaSt/ 17.5 0.14 31.8+0.0.6 >-78 1.259
L +0.004 Ellipsoid +0.2 ) +0.02
ellipsoid (fixed)
DTAB I'core,minor = Icore,major = DTAB Feore = 19.8 Feore, L = 34
matched/ 14.4 20.7 I'core,L = 30 5.4 matched/ +0.7 +2 5.1
> 30 Triaxial core- th=4.7 th=4.7 (fixed) +0.2 1.424 Core-shell th=1.4 i th=1.4 +0.4 1.350
shell ellipsoid +0.9 +0.9 ellipsoid +1.1 +1.1
DTAB I'core,minor = I'core,major = DTAB Ieore = 20.3 Feore,L = 345
matched/ 14.4 20.7 I'core, = 30 3.028 1563 matched/ +0.4 i +0.7 3.028 1342
Triaxial core- th=1.59 th=1.59 (fixed) (fixed) ’ Core-shell th=0.512 th=0.512 (fixed) ’
shell ellipsoid +0.02 +0.02 ellipsoid +0.008 + 0.008
Full contrast 3 - r= L=745
ull contrast/ 1 7 2121 L=734:2 1135 Full contrast/  7=16891 O 1.130
Elliptical +0.02 +0.06 7 +0001 1620 Cylinder +0005 914 +0.2 +0001 1862
cylinder - - of+=095 0. y o (fixed) o/L=095
DTAB I'core,minor I'core,major = T- 73 DTAB Feore =17.1 T- 74.5
matched/ =13.4+0.4 19.2+0.5 1 5.6 1.963 matched/ +0.6 i 1 ’ 5.34 4.468
5 225 | Elliptical core-  th=3.3 th=33 /=095 4o, & Core-shell th=3.6 0/*=055 008 *
shell cylinder +0.5 +0.5 (fixed) cylinder +0.7 (fixed)
Fcore,minor = I'core,major = 1 - DTAB leore = 17.5 1 _
DTAB =7 =74.
matched/ 14.7 +0.3 21.2+0.4 1 3 3.028 1.768 matched/ +0.3 i 1 > 3.028 1.627
Bl th=0748  th=0748 0/%=095 (fieq) Core-shell th=0.333 0/%=095 " (fiyeq)
prical +0.006 +0.006 (fixed) cylinder +0.005 (fixed)
shell cylinder




Full contrast/

o/t =

L=1510

. 14.336 2119+ L-148+1 1.059 Full contrast/ T= 16.621 1.061
Elliptical - 15.71 . ’ 0.14 +0.4 20.43
. 0.009 0.04 L - +0.001 Cylinder +0. = +0.001
cylinder o/ =0.95 ¥ 0.003 (fixed) /L =0.95
mached/  145io  sideos LM matched/ 303
' 5%0. 4+0. 1 _ . ‘ +0. i 1_ . .
75 30 Elliptical core- th=2.1 th=2.1 o/ . 0.95 +0.2 2.717 core-shell th=4.0 o/ - 0.95 +0.06 8.276
shell cylinder +0.4 +0.4 (fixed) cylinder +0.4 (fixed)
DTAB I'core,minor = I'core,major = L =148 DTAB reore = 18.6 L =151
matched/ 15.7 +0.2 23.3+0.2 1 3.028 8.189 matched/ +0.2 i 1 3.028 8.245
Elliptical core-  th=0.874 th=0.874 o/ - 0.95 (fixed) ’ core-shell th=0.573 o/ - 0.95 (fixed) ’
shell cylinder +0.004 +0.004 (fixed) cylinder +0.004 (fixed)
Full contrast/ ~
- L= Full contrast/ - o/T = L=2057
T= .
Efllle'zlt:lzl :?)'293 21.2+2 2049425 +252§3 ;2005 Flexible N 33;88 0.14 £22 +1048§3 12.12
. o l,=170+1 7 cylinder - (fixed) /,=153+2
cylinder P
DTAB Fcore,minor = I'core,major = DTAB leore = 11.6
matched/ 10.3+0.6 15.6+0.9 L=1,=170 5.1 matched/ +1.2 L=1,=153 4.8
2:5 75| Elliptical core-  th=4.1 th=41 (fixed) +0a 2099 coreshell th=47 (fixed) r02 W7
shell cylinder +1.0 +1.0 cylinder +0.5
DTAB rcore,minor = rcore,major = DTAB Icore = 140
matched/ 11.5+04 174+05 L=/,=170 3.028 1.708 matched/ +04 i L=1,=153 3.028 1612
Elliptical core- th=1.43 th=1.43 (fixed) (fixed) ’ Core-shell th=1.03 (fixed) (fixed) ’
shell cylinder +0.03 +0.03 cylinder +0.03
Full contrast/ _ = B
Elliptical 13.92 21.19 L= 2.113 Full contrast/ 5. _ 1, 0gp  O/7= L1714 14
flexible +0.02 +0.07 1705+ 12 +0.004 2.773 Flexible +0.006 0.14 t14 +0.002 40.13
. - - l,b=209+1 cylinder - (fixed) [l,=178x2 ~ 7
cylinder
DTAB Fcore,minor = I'core,major = DTAB Fcore = 12.6
5 15 matched/ 10.9+£0.5 16.5+0.7 L=1,=209 4.9 1143 matched/ +0.8 ) L=1,=178 4,93 2182
Elliptical core- th=3.5 th=3.5 (fixed) +0.3 ) Core-shell th=4.9 (fixed) +0.07 '
shell cylinder +0.8 +0.8 cylinder +0.4
DTAB Fcore,minor = I'core,major = DTAB leore = 14.6
matched/ 11.7+0.3 17.8+04 L=1,=209 3.028 2066 matched/ +0.3 ) L=1,=178 3.028 1.947
Elliptical core- th=1.41 th=1.41 (fixed) (fixed) ’ Core-shell th =0.97 (fixed) (fixed) ’
shell cylinder +0.02 +0.02 cylinder +0.02




Full contrast/

L_

Full contrast/

ofr =

L=1200

ipti 13.99 . - . T= :
Efluléi.tﬁi' +oor fé %i 118448 +200(())§3 8.438 Flexible N 32‘814 0.14 £7 +10°§072 88.01
. o o l,=257x2 "~ cylinder - (fixed) fp=214%2 7
cylinder
DTAB Fcore,minor = I'core,major = DTAB Fcore = 13.3
matched/ 11.1+0.5 16.9+0.7 L=1,=257 5.3 matched/ +0.7 L=1,=214 5.10
75 225 Elliptical core- th=4.0 th=4.0 (fixed) +0.3 2.008 Core-shell th=5.0 i (fixed) +0.06 1311
shell cylinder +0.8 +0.8 cylinder +0.5
DTAB Fcore,minor = I'core,major = DTAB leore = 15.6
matched/ 12.3+0.3 18.7+0.4 L=1,=257 3.028 1139 matched/ +0.3 ) L=1,=214 3.028 1.130
Elliptical core- th=1.22 th=1.22 (fixed) (fixed) ’ Core-shell th=0.70 (fixed) (fixed) ’
shell cylinder +0.02 +0.02 cylinder +0.02
Full contrast/ ~
Elliptical 14.05 21.15 L= 1.910 Full contrast/ 5. _ ;039 O/7=  L=1002 00
flexible +001 +0.04 1000+ 6 +0.002 12.33 Flexible +0.004 0.14 +6 +0.002 17.20
: o o [,=300+x3 cylinder - (fixed) /p=293+£3 7
cylinder
DTAB Fcore,minor = I'core,major = DTAB Feore = 13.7
matched/ 12.0+0.8 18.3+1.2 L=1,=300 4.5 matched/ +0.5 L=1,=293 5.02
10 30 | Eliptical core-  th=24 th=24 (fixed) +03 YN coreshell th=47 (fixed) 005 1920
shell cylinder +1.2 +1.2 cylinder +0.4
DTAB Fcore,minor = I'core,major = DTAB Fcore = 15.6
matched/ 12.6+£0.2 19.1+02 L=/,=300 3.028 5000 matched/ +0.2 i L=1,=293 3.028 1.967
Elliptical core- th=1.28 th=1.28 (fixed) (fixed) ’ Core-shell th=0.761 (fixed) (fixed) ’
shell cylinder +0.02 +0.02 cylinder + 0.006




NOESY Spectrum
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Figure SI9: NOESY spectra of solutions containing [DTAB] =30 mM and varying concentrations of Blue. The solvent is a
NaHCO3/Na,CO; buffer (pD = 10.7, = 0.25 M) prepared in D,0. Negative peaks are displayed in light grey, dark grey and black for
samples containing [Blue] =5 mM, 7.5 mM and 10 mM respectively. Positive peaks are displayed in yellow, orange and red for
samples containing [Blue] =5 mM, 7.5 mM and 10 mM respectively. The red square marks the section shown in Figure 11 in the
main document. The 'H-NMR spectra of the sample containing [Blue] =5 mM and [DTAB] = 30 mM are displayed on the sides.
Addition of Blue to a solution with constant DTAB concentration causes an upfield shift of some DTAB resonances, going along
with peak broadening. Furthermore, an increase of the [Blue]:[DTAB] molar ratio causes an upfield shift of all Blue resonances.
Therefore, peak positions in the NOESY spectrum depend on [Blue].
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