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Abstract: Understanding surfactant self-assembly in deep eutectic solvents (DES) is important to
their potential use in industrial formulations. We have recently reported the formation of a fracto-
eutectogel comprising SDS fractal aggregates at a concentration as low as 1.6 wt% in glyceline (a
DES comprising glycerol and choline chloride) at room temperature. The building units of the frac-
tals consisted of multilayers of self-assembled SDS lamellae arranged in a dendritic pattern. Here
we report that this fractal phase transitions into a fluid phase above a critical gelation temperature,
Tcc ~ 45 °C, evident from polarized light microscopy (PLM) observations. Small-angle neutron scat-
tering (SANS) reveals that this phase transition is underpinned by the nanoscopic morphological
transformation of the SDS lamellae into cylindrical micelles at T > Tcc. Fitting SANS profiles con-
firms that the morphology of the micelles is SDS-concentration (csps) dependent at T > Tcc: cylindri-
cal at csps > 0.6 wt% and spherical at csps = 0.6 wt%. At csps < 0.6 wt%, only isotropic scattering was
observed in the SANS profiles. Such SDS self-assembly behaviors contrast with those we have pre-
viously observed in glycerol, which we attribute to the presence of ions (i.e. choline chloride) in
glyceline. Our findings have general implications to surfactant self-assembly in DES, solvents that
are rich in hydrogen bonding and ions.

Keywords: Deep eutectic solvents (DES), glyceline, surfactant mesophases, nonaqueous H-bonding
solvents, small-angle neutron scattering (SANS), self-assembly, cylindrical micelles, spherical mi-
celles, dendrites, fractals.

1. Introduction

Deep eutectic solvents (DES) have attracted considerable attention in recent years [1-
4]. With low volatility and green credentials, they are good solvents for a range of organic
and inorganic species [5, 6], making them desirable in applications such as electroplating
[7-10] and formulations for pharmaceuticals [2] and personal care products [4, 11]. DES
also have relevance in biological processes, e.g. biotransformations [12, 13].

Surfactant self-assembly in DES, relevant to many of these processes, has been inves-
tigated [14-17], with the formation of micelles of different structures above a critical mi-
celle concentration (CMC) reported. Also as recently reported [11, 18, 19], the tendency
for surfactants to form elongated aggregates in DES and glycerol can lead to gelation — at
low surfactant concentrations at room temperature (RT) — due to 3D aggregates pervading
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the volume. This opens up new possibilities for their application, e.g. as delivery vectors,
to explore the enhanced viscosity.

Gelation in DES (i.e. eutectogel formation) has been reported with 1,3:2,4-dibenzyli-
dene-d-sorbitol (DBS) in reline, a DES comprising choline chloride and urea [19]. The
structure of the gel was nano-fibrillar in nature, with the entanglement of these fibres
causing the gelation. We have recently observed the formation of feather-like fractal ag-
gregates at RT in glyceline [11], a mixture of choline chloride and glycerol in the 1:2 eu-
tectic molar ratio, at SDS concentrations as low as csps = 0.1 wt% (~ 1 CMC). At sufficient
number densities (i.e. above a critical gelation concentration cccec > 1.9 wt%), the prevalence
of the dendritic fractals led to the formation a colloidal gel, which we have termed the
fracto-eutectogel.

However, the effect of temperature on gel phases in DES has been relatively under
studied. Such knowledge is important to understanding the mechanisms of surfactant
self-assembly in DES and also to the stability and manipulation of eutectogels in practical
applications. We have previously noted that, at T > ~ 45 °C, self-assembly and self-organ-
isation of SDS in glyceline could be significantly affected, leading to the transition from
the fracto-eutectogel phase to a fluid phase [11]. However, the nanoscopic structure un-
derlying such a macroscopic phase transition was not clear. It has been reported in a re-
lated system that, at T > ~ 45 °C, an SDS-in-glycerol gel underwent a lamellar gel-to-fluid
transition, with the SDS aggregates transformed from lamellae, via an intermediate hex-
agonal phase, to cylindrical micelle solutions [18, 20].

We note that the effect of temperature on the morphology of surfactant mesophases
is well reported in aqueous media [21-23]. For instance, a family of lysine-based surfac-
tants formed a range of tubule structures below their Krafft points (T« =25 — 49 °C depend-
ing on surfactant architecture); however, a tubule-to-vesicle transition was observed as
the temperature was increased [24]. Of specific relevance to gelation, the transition be-
tween a lamellar liquid-crystalline phase and an a-gel phase was observed at T ~ 40 °C as
a ternary gemini surfactant (synthesised from oleic acid), 1-tetradecanol, and water sys-
tem was cooled [25].

Here, we report a detailed structural study of morphological transformations in the
dendritic SDS aggregates that accompany the fracto-eutectogel-to-fluid transition in
glyceline in the temperature range 25— 70 °C. The phase was probed microscopically using
polarised light microscopy (PLM) and the nanoscopic structure was studied using small-
angle neutron scattering (SANS). At temperatures below the critical gelation temperature
(Tcc ~ 45 °C), the SANS profiles of SDS aggregates in the fracto-eutectogel could be well
described by the lamellar paracrystal stack model or the mass fractal model. Above Tcc, a
micellar phase was formed, similar to that observed in SDS aqueous systems at room tem-
perature [26, 27]. At 70 °C, spherical SDS micelles were observed at 0.6 wt% SDS concen-
tration (csps), which transformed to cylindrical micelles as csps was increased to 1.2 wt%.
Such varied aggregate morphologies highlight the differences in self-assembled SDS
structures in glyceline, as compared with other nonaqueous solvents and with water. This
demonstrates distinct molecular interactions in DES - rich in hydrogen bonds and ions —
as the driving force for molecular self-assembly, which is not currently fully understood.

2. Results and Discussion

2.1 The effect of temperature on the microscopic structure of the surfactant mesophase

Polarised light microscopy (PLM) revealed an anisotropic mesophase at the room temperature
(RT) for samples with SDS concentrations csps > 1.9 wt% in glyceline, consisting of anisotropic frac-
tal-like aggregates consistent with our previous observations [11], diminishing as the temperature
was increased (at a rate 0.1 °C s™) and disappearing completely at T=50 — 55 °C (Error! Reference
source not found.). This suggests the transformation of the aggregates to an isotropic structure
and/or a structure smaller than the microscope resolution. Figure S1 shows the PLM images that
captured the phase transition at T =50 — 55 °C at a finer temperature increment.
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Figure 1. PLM images of 2.5 wt% SDS in glyceline at different temperatures as indicated, showing
the disappearance of the fractal aggregates as the temperature was increased to > ~50 °C. Images
were taken at 4 x magnification with a 530 nm first order waveplate, and all scale bars represent
100 pm.

2.2 Micellar nanostructure from SANS

Figure 2a shows the SANS profiles for 1-SDS (csps = 5.3 wt%; 40.7 CMC) in d-glyceline
in the temperature range T =25 —70 °C, with the fitting parameters for the different models
used list in Table 1-3 and modes described in section 4.4 below. Visual and microscopic
observations confirmed that a gel (termed a fracto-eutectogel) transitioned into a fluid
phase at T> Tcc ~ 40 — 50 °C [11]. Of the micellar models trialed, a core-shell-cylinder form
factor, P(q), was found to best fit the data above the Tcc without any structure factor, S(g),
suggesting non-interacting cylinders in solution despite the anionic nature of SDS. This
may be rationalized by the presence of choline and chloride ions (~33 wt %; 6.84 M choline
chloride) which may effectively screen the interactions between the aggregates.

Table 1. Fitting parameters for the lamellar stack paracrystal model (cf. Figure 2c) used to simu-
late the data for csps = 5.3 wt% h-SDS in d-glyceline in the gel phase at 25, 35, and 40 °C (cf. Figure
2a): SDS bilayer thickness f1, number of layers in the stack nLayers, d-spacing, polydispersity of the
d-spacing o4, scattering length density of SDS psps, scattering length density of glyceline pay, poly-
dispersity of the SDS bilayer thickness oy, and chi squared value x2.

Model Parameters 25 °C 35 °C 40 °C
. (A) 20.0 20.6 20.0

NLayers 57.7 57.8 57.8
d-Spacing (A) 20.4 20.4 20.8
oa (A) 0.013 ~0 0.067

psps (106 A2) 0.40 0.44 0.35
paly (106 A2) 5.50 5.83 5.75

ot 1.0 1.0 1.0

X2 38 2.6 35
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Figure 2. (a) SANS profiles for 5.3 wt% h-SDS in d-glyceline at different temperatures (25 — 70 °C),
showing the transition from the fracto-eutectogel phase to the micellar phase at a critical gelation
temperature, Tcc ~ 40 — 50 °C. Fits to the profiles are indicated by black lines, and different lines
are used to relate to the type of model used in the fit, shown in the legend: (b) the mass fractal
model where 27 = D is the building block diameter and ¢ the correlation length; (c) the lamellar
stack paracrystal model with randomly oriented lamellar domains consisting of n layers of bi-
layers of thickness 1, and (d) the core-shell cylinder model with cylinders of core radius 7, shell
thickness ¢, and length I. These models are described in section 4.4 below. The SANS profiles in (a)
are offset on the vertical scale for clarity.

Table 2. Fitting parameters for the mass fractal model (cf. Figure 2b) used to simulate the data for
5.3 wt % h-SDS in d-glyceline at 25, 35, and 40 °C (cf. Figure 2a): radius of the fractal aggregate r,
fractal dimension Dm, and chi squared value 2

Model Parameters 25 °C 35 °C 40 C
r(A) 56.5 30.8 30.0

Dm 2.95 3.00 2.98

X? 3.4 3.1 3.7

Table 3. Fitting parameters for the core-shell cylinder model (cf. Figure 2d) used to simulate the
data for 5.3 wt% h-SDS in d-glyceline in the fluid phase at 50, 55, 60, 65, and 70 °C (cf. Figure 2a):
core radius 7, shell thickness t, cylinder length [, scattering length density of the core pcore, scatter-
ing length density of the shell pshen, scattering length density of glyceline payy, polydispersity of the
core radius or, polydispersity of the shell thickness ot, polydispersity of the cylinder length o1, and
chi squared value x2.

Model Parameters 50 °C 55 °C 60 °C 65 °C 70 oC
r(A) 17.5 17.1 16.8 16.3 16.3

t(A) 5.0 5.0 5.0 4.8 48

1(A) 26.4 25.7 25.1 23.9 239
peore (106 A2) -0.31 -0.42 -0.40 -0.38 -0.38
psneil (106 A2) 4.98 5.03 4.95 4.80 4.80
paiy (106 A2) 5.79 5.82 5.83 5.87 5.87

o 0.05 0.05 0.05 0.05 0.05

ot 0.05 0.05 0.05 0.05 0.05

o1 0.05 0.05 0.05 0.05 0.05
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X2 1.87 1.88 1.82 2.28 2.45

As also reported in our previous work [11], ordered surfactant mesophases were pre-
sent at T < ~40-45 °C for samples at csps > 1.2 wt% evident from a Bragg peak at g ~ 0.30 A
in the SANS profile (Figure 2a). The profiles could be fitted to a lamellar paracrystal model
with a lamellar spacing d ~ 27/q ~ 20.9 A. The Bragg peaks were indicative of the presence
of the domains of solvated SDS lamellar crystals constituting the fractal dendrites[11].

Figure 3a shows the SANS profiles at different SDS concentrations, csps, at a higher
temperature (T = 70 °C). Fitting the data to various models shows a transition in the form
factor, F(q), from isotropic scattering (csps = 0.1 wt% and 0.3 wt%), to a core-shell sphere
model (csps = 0.6 wt %, apparent CMC at 70 °C), and then to a core-shell cylinder model
(csps > 1.2 wt%) as csps was increased. The fitting parameters are listed in Table 4 and 5.
This contrasts with the observation of fractal aggregates for all csps at T =25 °C, where a
critical fractal aggregate concentration (ccrc) can be defined, below which no fractal ag-
gregates were observed. The observations of ccec = 0.1 wt% at 25 °C and the CMC = 0.6
wt% at 70 °C point to the different self-assembly behaviors at the RT and the elevated
temperature. The formation of crystallites was observed at ccrc = 0.1 wt%, however, the
CMC at 70°C, CMCr = 0.6 wt%. This can be rationalized by considering an effective Krafft
temperature of SDS in glyceline, below which crystallization is favored and thus the for-
mation of the fractal aggregates with solvated lamellae; and above T« in the fluid phase,
SDS self-assembly dominates.

The dimension of the cylindrical micelles varied as a function of both T and csps (Fig-
ure 4) where for all csps both the radius, #, and length, I, of the cylinders decreased with
increasing temperature. The length of cylindrical aggregates decreasing with increasing T
has been observed in other systems, attributed to the greater thermal energy (koT) which
would encourage breakup of longer aggregates [28]. The decreasing cylinder radius, 7,
with increasing T has also been observed previously and is explained by the increased
motions and fluidity of the hydrophobic chains at higher T, reducing steric effects and
allowing for better packing [29]. The radius of the cylindrical micelles increased with de-
creasing concentration in agreement with theoretical descriptions, where the micellar ra-
dius would initially increase with concentration, but then decrease due to the increasing
number of micelles [30]. The cylinder length here increased with csps, due to the increased
number of SDS molecules incorporated in individual micelles at high surfactant concen-
trations.
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Figure 3. (a) SANS profiles for h-SDS in d-glyceline at varying surfactant concentrations, csps, at T =
70 °C. Also shown are fits to different models used (cf. Figure 3b). The profiles are offset on the
vertical scale for clarity. (b) Schematic representation of the models used as the SDS concentration
csps increased: the core-shell cylinder model (top) the core-shell sphere model (middle), and iso-
tropic scattering (bottom).

Table 4. Fitting parameters for the core-shell cylinder model used to simulate the data for 1.2, 2.7,
and 5.3 wt% h-SDS in d-glyceline at 70 °C (cf. Figure 3a): core radius r, shell thickness ¢, cylinder
length I, scattering length density of the core peore, scattering length density of the shell pshe, scat-
tering length density of glyceline pay, polydispersity of the core radius or, polydispersity of the
shell thickness o, polydispersity of the cylinder length o1, and chi squared value 2

Model Parameters 1.2 wt % 2.7 wt % 5.3 wt %
r (A) 16.8 16.9 16.3
t(A) 5.0 5.0 48
1(A) 23.9 23.6 21.1

peore (106 A2) -0.38 -0.34 -0.39
psheil (106 A-2) 4.80 4.80 4.80
paiy (106 A2) 5.87 5.86 5.88
or 0.05 0.05 0.05
ot 0.05 0.05 0.05
o1 0.05 0.05 0.05
X2 2.45 2.07 4.31

Table 5. Fitting parameters for the core-shell sphere model used to simulate the data for 0.6 wt%
h-SDS in d-glyceline at 70 °C (cf. Figure 3a): core radius r, shell thickness ¢, scattering length den-
sity of the core pore, scattering length density of the shell pshel, scattering length density of
glyceline paly, polydispersity of the core radius or, polydispersity of the shell thickness o, and chi
squared value x2.

Model Parameters 0.6 wt %
r(A) 16.4
t(A) 5.0
peore (106 A2) -0.30

psheit (106 A2) 5.12



https://doi.org/10.20944/preprints202106.0516.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2021 d0i:10.20944/preprints202106.0516.v1

paiy (106 A2) 5.74
o 0.05
ot 0.05
X2 1.35

21.5| O Cgps = 5.3 Wt %
Csps =26W %
Cops=1.2W %

210
O Csps = 53wt %
30 Cops =26 Wt %
Cops =12 %
28
< 24
24
22
50 55 60 65 70

T(°C)

Figure 4. The effect of temperature, T, and csps on the radius, 7, (top) and length, /, (bottom) of
cylindrical aggregates formed in the glyceline bulk taken from fitting to SANS profiles, for 5.3 wt
% (red), 2.7 wt % (orange), and 1.2 wt % (yellow) wt % SDS in glyceline. Schematic representation
of the core-shell cylinder model shown (right).

3. Further Discussions and Concluding Remarks

We have probed the morphological changes that occurred upon the SDS-in-glyceline
(a DES) fracto-eutectogel-to-fluid transition. This transition manifested in the disappear-
ance of fractal dendrites as observed with PLM, and the change in the SANS profiles. The
SANS profiles at the room temperature were fitted to a mass fractal model consistent with
the dendritic aggregates observed microscopically with PLM. As discussed in [11], rheo-
logical measurements in this system confirmed a fracto-eutectogel consisting of globular
aggregates in solution, akin to a physical colloidal gel with interpenetrating dendritic frac-
tal aggregates. Here we show that above the critical gelation temperature, Tcc ~ 45 °C, a
gel-to-fluid transition was observed, which was characterized nano-structurally with
SANS. The fluid phase was shown to comprise a globular micellar fluid phase, where the
observed morphology was concentration dependent, evident from the SANS fitting anal-
yses.

SANS analyses also revealed morphological transformations of SDS micelles in the
fluid phase at T ~ 70 °C. Whilst isotropic scattering was observed below an apparent CMC,
csps < 0.6 wt%, spherical micelles were observed at csps ~ 0.6 wt %, and cylindrical micelles
at csps > 0.6 wt%. Morphological transformations of micelles have also been reported in
aqueous SDS systems due to the addition of salt, rather than change in the SDS concen-
tration. For instance, spherical or ellipsoidal micelles [26, 27, 31] have been observed at RT
at similar csps (csps ~ 6.0 wt%), although micelles persisted through to very high SDS con-
centrations — up to 40 wt% at 70 °C in water). Furthermore, upon addition of sodium chlo-
ride (csat = 1 — 2 M), flexible wormlike SDS micelles are observed in water [32-34]. The
effect of salt addition on the SDS micelle shape in water could be well explained by the
packing parameter: screening of the electrostatic headgroup repulsion would reduce the
effective headgroup area, leading to a larger packing parameter (CPP = Vo / ael) and aggre-
gates of a smaller curvature, accounting for the sphere-to-cylinder transition.
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This highlights the differences of self-assembly in DES, where the formation of cylin-
drical aggregates without additional salt was observed in SDS self-assembly. This transi-
tion from gel to a fluid phase has been reported in an SDS-in-glycerol gel [18]. However,
the lack of structure factor, S(g), in the glyceline system (cf. Figure 3a), differs from that
observed in glycerol [18] and also in DES systems as previously reported [14, 35]. Previous
modelling of SANS profiles of ionic surfactants in reline and glyceline have included a
hard sphere structure factor, S(q) [15, 35], pointing to interacting globular aggregates. The
absence of an S(q) here suggests that the globular aggregates were non-interacting, which
is atypical for micelles consisting of ionic surfactants. The effective concentration of cho-
line chloride in glyceline is 6.84 M, with a corresponding Debye length x ~ 0.086 nm. This
suggests that the presence of choline and chloride ions in the glyceline bulk screens the
micellar aggregates from each other very effectively. It has also been suggested that the
choline ions could actively participate in the surfactant crystallization in forming the frac-
tal aggregates at RT [11], encouraging dissociation of choline chloride.

The differences between the observations in glyceline and in glycerol [18] indicate
that the self-assembly behavior is significantly influenced by the presence of choline chlo-
ride in glyceline which dissociates and screens interactions between SDS and between
aggregates. Our previous results of SDS in glycerol showed a microfibrillar gel phase with
lamellar nanostructure [18] at the room temperature, transitioning to a fluid phase con-
sisting of cylindrical aggregates interacting via a Coulombic pair potential. The elongation
of the SDS micelles observed with increasing csps in glyceline suggests that either the head-
group area decreases or the tail volume increases, to account for the reduction in curvature
observed. Another explanation is related to the increasing number density of SDS micelles
with increasing csps. For anionic SDS micelles, this would result in pockets of negative
charges within the bulk medium, which act to screen interactions among SDS micelles.
The positive choline ions would associate with the negative micelles with the ability to
bridge between micelles [11]. The length of the cylinders, relatively short compared to
SDS-in-water cylindrical aggregates (wormlike micelles, [ > 1000 A [36, 37]), is consistent
with the choline ions bridging and linking 2 — 3 spherical micelles in forming cylindrical
micelles.

Our results here, in corroboration with our previous observations in glycerol [18] and
in glyceline at RT [11], illustrate the self-assembly of surfactants in polar-nonaqueous po-
lar DES media is complex. We are currently extending the work to investigate self-assem-
bly of cationic surfactants and lipids in DES.

4. Materials and Methods
4.1 Materials

h-Sodium dodecyl sulfate (SDS) (Sigma-Aldrich, > 98.0 %) was recrystallized three
times from ethanol prior to use, and its purity was checked with 'H NMR. h-Glycerol
(Fisher Scientific, > 98.0 %) and d-Glycerol (Sigma-Aldrich, > 98.0 % and > 98.0 atom % D)
were used as received. h-Choline chloride (Sigma-Aldrich, > 98.0 %) and ds-trimethyl-cho-
line chloride (Sigma-Aldrich, > 98.0 % and > 98.0 atom % D) were used as received. All
glyceline-containing (both hydrogenated (h-) and deuterated (d-)) phases and controls were
kept sealed from moisture. h-/d-Glyceline was prepared by mixing h-/d-choline chloride
and h-/d-glycerol in a 1:2 molar ratio and leaving in a shaker incubator (Stuart SI505) for
two hours (2 h) at 550 RPM at 60 °C until homogenous. The gel-like phase was prepared
by adding a designated amount of s-SDS to h- or d-glyceline, then incubating the mixture
in the shaker incubator for at 550 RPM at 60 °C for 2 h before equilibrating at room tem-
perature overnight.

4.2 Polarised light microscopy (PLM)

PLM was carried out using an Olympus BX53-P microscope and a Nikon Eclipse E200
microscope, where the polarizers were crossed at 90° with respect to each other and im-
ages were captured using Stream and PixeLINK® Capture OEM software, respectively. 4,
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10, 20, and 40 x magnifications were used, and heating was facilitated by a Linkam stage.
A 530 nm first order waveplate was placed into the optical patch to improve the clarity of
image details in some cases.

4.3 Small-angle neutron scattering (SANS)

SANS data was obtained from samples contained in quartz cells with a 2 mm path
length over a 0.5 h integration time on the LOQ small-angle diffractometer [38] at the ISIS
Pulsed Neutron Source (STFC Rutherford Appleton Laboratory, Didcot, UK). LOQ uti-
lizes neutrons with wavelengths A =2 — 10 A and the data was collected in the g range of
0.008-1.6 A -. The raw scattering data were corrected for the detector efficiency, sample
transmission, and background scattering and converted to scattering cross-section data
(0X/00Q vs g) using MantidPlot [39]. The data were then converted to an absolute scale (cm-
1) using the scattering intensity from a standard sample (a solid blend of hydrogenous and
perdeuterated polystyrene) in accordance with established procedures [40].

4.4 SANS Data Analysis

The SANS data at 25 °C was fitted using two different models. The first was a lamellar
paracrystal stack model (cf. Figure 2c), in which individual lamellae stacks in solution were
treated as being independent of each other, with the SDS layer considered as a whole ra-
ther than separate headgroup layers and a tail layer [41-44]. The general scattering inten-
sity for lamellar systems is described as

2nVP(q)S(q)

e €Y

I(q) =

where V is the scattering volume, P(g) the form factor that describes the shape of the par-
ticles or the phase present, S5(q) the structure factor that describes the interparticle inter-
action, and d the lamellar spacing.

The second model used to fit data at 25 °C was a mass fractal model (cf. Figure 2b)
describing the scattering from fractal-like aggregates in solution [45]

1(q) = P(q)S(q) ()
where the form factor is

P(q) = F(qr)? 3)

and the structure factor is

I(D,, — 1)1 sin[(D,, — 1) tan™*
S(q) = ( )iDm_l) sin[( ) tan™*(q¢)] @

[1+ (q0)?] 1

where r is the radius of the building block, C the correlation length, and Dm the mass fractal
dimension.

The SANS data at 70 °C was fitted using two different form factors, P(g), in SasView,
in a core-shell-cylinder model (cf. Figure 3b) and a core-shell sphere model (cf. Figure 3b), re-
spectively. The general scattering intensity for a core-shell-cylinder is [46-48]

1
P(q) = VFZ(q, a)-sina (5)

where
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. 1
sin (q jl cos a) 2J,(qr sina) N

F(q,a) = (p. — ps)V;

qilcosa qrsina
| . (6)
sin (q (71 + t) cos a) 2J:(q(r + t) sina)
(ps - psolu)Vs 1 (r + t) sina
q (71 + t) cosa 1
and
Ve = n(r+t)*(L + 2¢t) @)

Here, a is the angle between g and the cylinder axis, Vs is the total volume, V. is the core
volume, [ is the core length, r is the core radius, f is the shell thickness, pc is the core SLD,
ps is the shell SLD, psolv is the solvent SLD, and |1 is the first order Bessel function.

The general scattering intensity for a core-shell-sphere model is [46]

F2
P =0 ®
where
3 sin(qr.) — qr; cos(qr,) sin(qr;) — qr; cos(qr;)
F(q) = VS Ve(pe = ps) (qr)? + Ve(ps — Psolv) (qr)? C))

where Vs is the total scattering volume of the object, V. the scattering volume of the core,
pe the scattering length density (SLD) of the core, ps the SLD of the shell, psoiv the SLD of
the solvent, rc the radius of the core, and rs the sum of the radius of the core and the thick-
ness of the shell.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1; Figure S1:
PLM images of 2.5 wt% SDS in glyceline between T = 50 — 55 °C at a finer temperature increment
step; Figure S2: PLM images of 2.5 wt% SDS in glyceline at different temperatures, showing the
disappearance of the fractal aggregates with elevated temperature; Figure S3: Fitted SANS data for
5.3 wt % SDS in glyceline at 70 °C using different models; Figure S4: Refined fitted SANS data for
5.3 wt % SDS in glyceline at 70 °C using a spherical and cylindrical model; Figure S5: Refined fitted
SANS data for 0.6 wt % SDS in glyceline at 70 °C using a spherical and cylindrical model; Figure S6:
Fitted SANS profile for 0.6 wt % SDS in glyceline at 70 °C using a spherical and cylindrical model,
and a Hayter-MSA structure factor; Figure 57: SANS profiles for 0.1 and 0.3 wt % h-SDS in d-
glyceline at T = 343 K with attempted fits shown by solid black lines; Figure S8: SANS profiles for
2.7 wt % h-SDS in d-glyceline at different temperatures; Figure S9: SANS profiles for 1.2 wt % h-SDS
in d-glyceline at different temperatures; Figure S10: SANS profiles for 0.6 wt % h-SDS in d-glyceline
at different temperatures; Figure S11: SANS profiles for 0.3 wt % h-SDS in d-glyceline at different
temperatures; Figure 518: SANS profiles for 0.1 wt % h-SDS in d-glyceline at different temperatures.
Table S1: Fitting parameters for the sphere model used to simulate the data for 5.3 wt % h-SDS in d-
glyceline at 70 °C; Table S2: Fitting parameters for the ellipsoid model used to simulate the data for
5.3 wt % h-SDS in d-glyceline at 70 °C; Table S3: Fitting parameters for the cylinder model used to
simulate the data for 5.3 wt % h-SDS in d-glyceline at 70 °C; Table S4: Fitting parameters for the
parallepiped model used to simulate the data for 5.3 wt % h-SDS in d-glyceline at 70 °C; Table S5:
Fitting parameters for the core-shell-sphere model used to simulate the data for 5.3 wt % h-SDS in
d-glyceline at 70 °C; Table Sé6: Fitting parameters for the core-shell-cylinder model used to simulate
the data for 5.3 wt % h-SDS in d-glyceline at 70 °C; Table S7: Fitting parameters for the core-shell-
sphere model used to simulate the data for 0.6 wt % h-SDS in d-glyceline at 70 °C; Table S8: Fitting
parameters for the core-shell-cylinder model used to simulate the data for 0.6 wt % h-SDS in d-


https://doi.org/10.20944/preprints202106.0516.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2021 d0i:10.20944/preprints202106.0516.v1

glyceline at 70 °C; Table S9: Fitting parameters for the core-shell-sphere and core-shell-cylinder
model with Hayter-MSA S(q) used to simulate the data for 0.6 wt % h-SDS in d-glyceline at 70 °C;
Table S10: Fitting parameters for the paracrystalline lamellar stack model used to simulate the data
for 2.7 wt % h-SDS in d-glyceline at 25, 35, and 40 °C; Table S11: Fitting parameters for the mass
fractal model used to simulate the data for 2.7 wt % h-SDS in d-glyceline at 25, 35, and 40 °C; Table
S12: Fitting parameters for the core-shell-cylinder model used to simulate the data for 2.7 wt % h-
SDS in d-glyceline at 50, 55, 60, 65, and 70 °C; Table S13: Fitting parameters for the paracrystalline
lamellar stack model used to simulate the data for 1.2 wt % h-SDS in d-glyceline at 25, and 40 °C,
Table S14: Fitting parameters for the mass fractal model used to simulate the data for 1.2 wt % h-
SDS in d-glyceline at 25, and 40 °C; Table S15: Fitting parameters for the core-shell-cylinder model
used to simulate the data for 1.2 wt % h-SDS in d-glyceline at 65, and 70 °C; Table Slé: Fitting pa-
rameters for the mass fractal model used to simulate the data for 0.6 wt % h-SDS in d-glyceline at 25,
and 40 °C; Table S17: Fitting parameters for the core-shell-sphere model used to simulate the data
for 0.6 wt % h-SDS in d-glyceline at 65, and 70 °C; Table S18: Fitting parameters for the mass fractal
model used to simulate the data for 0.3 wt % h-SDS in d-glyceline at 25, and 40 °C; Table S19: Fitting
parameters for the mass fractal model used to simulate the data for 0.3 wt % h-SDS in d-glyceline at
25°C.
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