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FITS OF C.2- AND C,4,-PEO SAXS DATA

The scattering data of Cqo- and C14-PEO are shown separately here because they require special treatment since
the critical micellar concentration (CMC) of these polymers is close to the experimental concentrations. Thus for
these samples concentration-dependent measurements were performed at only one temperature, T'= 25 °C. In the
scattering data in figure S1 it is eminent that micellar scattering only emerges above a certain concentration
threshold. Thus, the model was amended by unimer scattering in the form of an additional Beaucage form factor,
see reference [1] for details. The fit parameters are given in table S1. Unfortunately, the CMC and the aggragtion
number are highly correlated fit parameters. Therefore, even though the fits shown in figure S1 are the best fits,
there is a large uncertainty in N,g, and acceptable fits can still be obtained with aggregation numbers which are
more in line with a Nyge o< n? scaling for small n. See the main manuscript for details.
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FIG. SI: Scattering data of a) Ci2- and b) C14-hPEO at various concentrations around the CAC at 25°C. Solid
lines represent a simultaneous fit of all concentrations according to the model presented in reference [1] and fit
parameters are given in table S1.

TABLE S1: SAXS model parameters of Ci2- and C14-hPEO shown in figure S1

C12-hPEO C14-hPEO

Nags" 875 13757
Rn® (A) 70 + 10 79+ 6
dca® (g/mL) 0.75 0.76
R.c (A) 8.9712 11.0757
dpeo (g/mL) 1.20 1.20
Ry chain® (A) 36+1 39+1
CMC* (mg/mL) 6.241.5 0.440.2
pe (10*° cm™2) 7.30 7.40
ps (10" cm™2) 1.11 1.11
po (10'%cm™2?) 9.43 9.43

@ free fit parameter ® taken from reference [2]

¢ derived from N,ge and dcn



SCALING ANALYSIS OF MICELLES WITH CRYSTALLINE CORES

As mentioned in the main manuscript, there has been a theoretical treatment of micelles with crystalline cores[3]
already. However, this work dealt with long solvophobic blocks that repeatedly fold to form the micellar core. Also,
there is a treatment of micelles with rod-like solvophobic blocks[4] which does not consider the enthalpic gain upon

crystallization. The polymeric model system under investigation in the present manuscript, C,-PEO, unites both
characteristics. On the one hand, the alkyl blocks crystallize partially within the micellar core. On the other hand,
the blocks are relatively short, with a contour length of L = (15-27) X cos % x 1.54 A =13.3-24.0A. Comparing
the Kuhn length of poly(ethylene), I = 14 A [5] it is clear that the alkyl blocks can be considered rod-like. Thus it

is hard to conceive a packing order for the partially crystallizing, rod-like alkyl blocks to form a spherical core.
Indeed, we have experimental evidence that the micellar cores are aspherical and the effect of crystallisation on the
core geometry will be topic of a forthcoming paper. A straightforward way to form the core is by aligning the alkyl
block longitudinally into a cylindrical shape, with the PEO corona chains attached to the basal planes. With
sufficiently long PEO blocks coiling around the core, the overall shape of the micelle would still appear spherical, in
agreement with the reported scattering data. This has also been suggested by Halperin and Vilgis.[3, 4] In line with
their argumentation, the total free energy of the micelle comprises three terms:

Fmic = Fcore + Fcorona + Enterfacea (1)

the contributions from the core, the corona and the interface in between. Traditionally, Fi..e considers stretching
penalties of the core block but here it will reflect the enthalpic gain of crystallization. Fiorona, however, reflects the
conventional stretching entropy of the corona blocks which are grafted to the core surface and Fiygerface cOntains the
surface energy between the solvophobic core and the solvent-swollen corona.
Each alkyl block consists of n CH, units with diameter a so that the contour length is L = na. We assume the core
has a cylindrical shape with radius R, and thickness L and comprises N,z, molecules. Consequently, the area of one

of the two basal interfaces is S, = Nagga2 = WRE and thus R. = (Naggaz/w) Y

S; = 27R.L = 2na? (ﬂ'Nagg)l/ 2 This results in the interfacial energy per molecule

2. Then the lateral interface is

2’)’1,51, Y Sl 2 2 ™ 1/2
Finterface = + = 2’Yba + Q’YZTL(I ) (2)
Nagg Nagg Nagg

with the interfacial tensions 7, and ; of the basal and lateral interfaces, respectively.

For the coronal free energy, we follow the arguments of Halperin[6] for star-like micelles which will not be
recapitulated here. In the leading order, the free energy per molecule resulting from stretching of the corona blocks
scales as

Feorona X Njg/ngBT (3)
We assume each CH, unit immersed in the crystalline core gains a hypothetical enthalpy amount H. so that every
alkyl block fully buried in the core gains nH,.. For molecules located at the lateral interface of the cylindrical core,
we assume an enthalpy gain of nH./2 from crystalline interaction. We can calculate the number of molecules at the
lateral interface as

_ 27R,

=2 (1 Nage) '/ (4)

Ny

Therefore, the core contribution to the free energy per molecule is

NnH, (Nagg — N))nH, r \“?
F re — — — — HC - 1 . 5
ore 2Nagg Nagg " Nagg ( )

As we are only interested in the scaling behavior with respect to the aggregation number, we will now drop all
irrelevant prefactors as well as terms independent of Nygg:

2
vina 1/2 nH,
N2 JrNag/ngTJr N2 (6)

agg agg

Fmic X



Minimization with respect to N,ge yields

2
yna® +nH,
— (7)

Nagg X I{/’BT

Thus our considerations lead to a linear dependency of N,gs on n, similar to the apporaches of Halperin and
Vilgis[3, 4]. Unfortunately, they fail to explain the Nage < n® behavior found experimentally which must originate
from circumstances not reflected in our calculations.

INDIVIDUAL INSPECTION OF THE MELTING POINTS OF Cys- AND Cj,-PEO

As described in the main manuscript, the melting point of the alkyl block within the micellar core is affected by two

phenomena simultaneously: on the one hand, the melting point is influenced by the other component’s presence and,

on the other hand, it is suppressed because of the self-confinement in the core. We tried to separate these two effects

under the assumption of simple additivity. Due to the presence of the other respective component, the melting point
is altered to

TV = TO 4 2AT,,, (8)

where T is the bulk melting point of Cag or Cag, respectively, o the fraction of the other respective component and
AT, the melting point difference between both components. This altered melting point is furthermore reduced due
to the Gibbs-Thomson effect as explained in the main manuscript,

VenTO
T, = Tt _ M'

Here, Vi, is the molar volume of Cag or Cag, respectively, and AH,, is the melting enthalpy of the mixture.
Figure S2 shows the data for Cyo and Cag individually. Only data at 15 and 65 °C are shown because at those
temperatures all mixtures are either frozen or molten, respectively. It is not obvious, though, if 72! or T should
serve as reference point in the numerator of eq. (9). Furthermore, the nature of AT, is not straightforward. For
figure S2, the bulk melting point difference |AT,,| = ’Trgz,CZS — T%CQQ‘ = 17.4K has been chosen. But the micellar
melting point difference |AT,,| = |Th,.c28 — Tin,c22| = 27.5K is similarly valid. The problem is that AT, is
simultaneously affected by the confinement. Thus, no consistent conclusion on the individual effects on Coy and Cog

can be drawn.
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FIG. S2: Individual inspection of the Gibbs-Thomson effect on Cas and Cag at 15°C (blue) and 65 °C (red). See
text for further explanation.
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FIG. S3: SAXS data of C,,-hPEO
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FIG. S4: SAXS data of C,,-dPEO
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FIG. S5: Reproduction of figure 4 in the main manuscript, containing data from all temperatures: Melting point
depression of the alkyl blocks as a result of self-confinement in the micellar core as a function of the inverse core
radius. Previously reported data[7] have been added for comparison. The black line is a fit to all data points shown
and yields v = 7.4 mN/m, similar to the value reported in the main manuscript.
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FIG. S6: Aggregation number as a function of the mean alkyl block length, obtained from model fits of SAXS data
measured between 15 and 65 °C. Obviously, as the points obtained at different temperatures 7" overlap, N,gs does
not depend on T. Previously reported results[8] obtained from the same n-alkyl-PEO system were added for
comparison. The dashed line corresponds to Nage o n?, the solid line to Nagg X ns.
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FIG. S7: Aggregation number scaled with the interfacial tension as a function of the mean alkyl block length,
obtained from model fits of SAXS data measured between 15 and 65 °C. The dashed line corresponds to Nygg o n?,
the solid line to Nugg ns.
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FIG. S8: Micellar radius as a function of the mean alkyl block length, obtained from model fits of SAXS data
measured between 15 and 65 °C. The dashed line corresponds to R, nd/ 25 the solid line to R, nd/5,



1.0
o
(g 65
(o
0.95 - g =§> -~ 55
SRR Y L3 L] i
o\a o & = W £
T 097 gt = 35 -
« ﬁi
25
0.85 - m  C,hPEO
Q o C,-dPEO 15
|

I I
40 60 80 100 120
Nagg

FIG. S9: The hard-sphere interaction radius divided by the micellar radius as a function of the aggregation number.
With increasing N,gs the corona becomes denser and hence more repellent.



SUPPLEMENTARY TABLES

TABLE S2: SAXS model parameters of Cog-hPEO

T (°C) 15 25 35 45 55 65

Noga” 120 124 124 126 124 124
R (A) 125 122 119 115 114 112
Rus® (A) 118 118 116 113 108 105
den® (g/mL) 091 090 0.89 087 081 0.79
R. (A) 274 278 279 283 288 291

dero (g/mL) 1.21 120 1.19 117 116 1.15

pe (10"%ecm™2) 884 877 862 845 7.86 7.65

ps (10" em™2) 112 111 110 1.09 1.08 1.07

po (10°°cm™2) 942 941 938 935 930 9.26
¢ free fit parameter

TABLE S3: SAXS model parameters of Cog-dPEO

T (°C) 15 25 35 45 55 65

Noga” 121 125 126 125 126 116
R (A) 119 115 115 109 106 105
Rus® (A) 115 112 111 105 99 104
den® (g/mL) 091 090 090 087 083 0.78
R. (A) 275 279 280 282 287 285

drro (g/mL) .32 1.30  1.29 128 127 1.25

pe (100%cm™2) 889 877 872 846 810 7.58

ps (101'em™2) 112 111 110 1.09 1.08 1.07

po (101%cm™2) 942 941 938 935 930 9.26
¢ free fit parameter

TABLE S4: SAXS model parameters of Cyg/20-hPEO 3:1

T (°C) 15 25 35 45 55 65
Nags” 97 98 97 98 97 o4
R (A) 119 116 113 111 108 104
Rus® (A) 111 111 108 106 102 95
den® (g/mL) 092 091 089 087 080 0.78
R. (A) 25.0 252 253 256 262 26.0

dero (g/mL) 121 120 119 117 116 115

pe (10%ecm™2) 894 882 861 847 7.74 7.61

ps (10" em™2) 112 111 110 1.09 1.08 1.07

po (10°°em™2) 942 941 938 935 930 9.26
¢ free fit parameter




TABLE S5: SAXS model parameters of Cag/2-dPEO 3:1

T (°C) 15 25 35 45 55 65

A 103 105 106 104 103 102
R (A) 116 116 111 107 107 106
Rus® (A) 111 112 107 103 100 101
dea® (g/mL) 091 091 088 086 0.79 0.79
R. (A) 255 25.7 26.1 262 268 26.8

dero (g/mL) .32 130 1.29 128 1.27 1.25

pe (10'%cm™2) 884 884 855 836 7.71 7.63

ps (10t*em™2) 112 111 110 1.09 1.08 1.07

po (101%ecm™2) 942 941 9.38 935 930 9.26
¢ free fit parameter

TABLE S6: SAXS model parameters of Cyg/90-hPEO 1:1

T (°C) 15 25 35 45 55 65
Nagg” 82 84 82 85 82 79
Rm® (A) 117 112 109 106 103 100
Rus® (A) 108 107 103 100 99 91
den® (g/mL) 092 090 0.88 0.82 080 0.79
R. (A) 23.0 235 235 244 243 241

dpro (g/mL) .21 1.20 119 117 116 1.15

pe (10%%cm™2)  9.03 877 857 800 7.76 7.65

ps (101'em™2) 112 111 110 1.09 1.08 1.07

po (101%cm™2) 942 941 938 935 930 9.26
¢ free fit parameter

TABLE S7: SAXS model parameters of Cyg/90-dPEO 1:1

T (°C) 15 25 35 45 55 65
Nags” 83 83 81 84 82 81
R (A) 115 112 109 108 104 100
Rus® (A) 108 107 105 101 99 94
den® (g/mL) 091 090 089 0.84 079 0.78
R. (A) 233 234 237 241 243 244

dpro (g/mL) 132 1.30 129 128 127 1.25

pe (10%ecm™2) 884 878 861 814 7.69 7.61

ps (10" em™2) 112 111 110 1.09 1.08 1.07

po (10°°cm™2) 942 941 938 935 930 9.26
¢ free fit parameter

TABLE S8: SAXS model parameters of Cag/90-hPEO 1:3

T (°C) 15 25 35 45 55 65
Nage® 70 70 70 70 68 66
R, (A) 112 108 107 104 88 96
Rus® (A) 104 100 101 98 92 86
dcn® (g/mL) 092 089 084 081 080 0.79
R. (A) 21.6 21.8 222 225 224 222

dero (g/mL) 1.21 120 1.19 117 116 1.15

pe (10°%em™2) 891 869 821 7.90 7.76 7.66

ps (10"'em™2) 112 111 110 1.09 1.08 1.07

po (10°°cm™2) 942 941 938 935 930 9.26
¢ free fit parameter




TABLE S9: SAXS model parameters of Cag/2-dPEO 1:3

T (°C) 15 25 35 45 55 65
Nags” 68 68 70 69 68 67
R (A) 113 111 107 105 101 98
Rus® (A) 104 103 100 96 93 91
dea® (g/mL) 091 090 085 081 0.80 0.79
R. (A) 214 215 221 223 224 223

dero (g/mL) .32 130 1.29 128 1.27 1.25

pe (101%cm™2) 888 877 827 791 776 17.70

ps (10t*em™2) 112 111 110 1.09 1.08 1.07

po (101%ecm™2) 942 941 9.38 935 930 9.26
¢ free fit parameter

TABLE S10: SAXS model parameters of Coo-hPEO

T (°C) 15 25 35 45 55 65
Nags” 57 57 56 58 55 53
Ru® (A) 108 106 102 100 97 91
Rus® (A) 99 95 95 94 91 81
den® (g/mL) 091 0.89 081 081 0.80 0.79
R. (A) 19.8 199 205 206 204 202

dpro (g/mL) .21 120 119 117 116 1.15

pe (10°°cm™2) 884 864 7.87 T.87 TIT T.67

ps (101'em™2) 112 111 1.10  1.09 1.08 1.07

po (101%cm™2) 942 941 938 935 930 9.26
¢ free fit parameter

TABLE S11: SAXS model parameters of Coo-dPEO

T (°C) 15 25 35 45 55 65
Naga® 53 54 54 53 52 49
R, (A) 112 109 107 106 102 97
Rus® (A) 103 101 103 87 98 89
dcn® (g/mL) 091 089 081 081 079 0.78
R. (A) 19.3 196 20.2 201 201 19.8

dero (g/mL) 1.32 130 1.29 128 1.27 1.25

2) 888 877 827 791 776 7.70

ps (10" em™2) 112 111 110 1.09 1.08 1.07

po (10°em™2) 942 941 938 935 930 9.26
¢ free fit parameter

TABLE S12:  SAXS model parameters of Cy3/16-hPEO

T (°C) 15 25 35 45 55 65
Nage” 35 35 34 35 35 35
Rm® (A) 98 94 92 90 87 84
Rus® (A) 86 84 80 78 7 73
dca® (g/mL) 0.85 0.84 083 082 0.81 0.80
R. (A) 16.3 164 164 16.6 16.7 16.7

dpro (g/mL 1.21 120 119 117 116 1.15

pe (10°cm™2) 830 812 803 796 7.83 7.73

ps (101'em™2) 112 111 110 1.09 1.08 1.07

po (10°°em™2) 942 941 938 935 930 9.26
¢ free fit parameter
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TABLE S13: SAXS model parameters of Cz3/16-dPEO

T (°C) 15 25 35 45 55 65
Nags" 34 34 35 34 34 36
Rm® (A) 98 97 94 91 90 87
Rus® (A) 86 86 85 81 78 77
dcn® (g/mL) 0.85 0.83 0.82 081 081 081
R. (A) 16.2 163 165 165 165 16.7

dero (g/mL) .32 130 1.29 128 1.27 1.25
pe (10%%cm™=2) 821 810 800 7.88 7.84 7.91
ps (10t*em™2) 112 111 110 1.09 1.08 1.07
po (101%ecm™2) 942 941 9.38 935 930 9.26

¢ free fit parameter

TABLE S14: SAXS model parameters of C156-hPEO

T (°C) 15 25 35 45 55 65
Noge® 27 27 27 27 27 27
Ru® (A) 93 90 88 85 82 80
Rus® (A) 80 78 77 71 70 66
den® (g/mL) 085 0.84 0.83 0.82 080 0.80
R. (A) 141 142 142 143 144 144

dpro (g/mL) .21 120 119 117 116 1.15

pe (100°cm™2) 825 814 807 7.99 779 7.80

ps (101'em™2) 112 111 110 1.09 1.08 1.07

po (101%cm™2) 942 941 938 935 930 9.26
¢ free fit parameter

TABLE S15: SAXS model parameters of C14-dPEO

T (°0) 15 25 35 45 55 65
Noge® 27 27 28 27 27 27
R, (A) 93 90 89 86 84 81
Rus® (A) 81 79 78 75 73 68
den® (g/mL) 0.84 0.83 0.83 082 081 081
R. (A) 141 143 144 144 145 144

dero (g/mL) 1.32 130 1.29 128 1.27 1.25

pe (10%cm™2) 818 8.06 808 799 7.88 7.85

ps (10 em™2) 112 111 110 1.09 1.08 1.07

po (10°°cm™2) 942 941 938 935 930 9.26
¢ free fit parameter
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