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1 Experimental details

1.1 Materials

Light water (H2O) was purified using a Milli-Q-system (Millipore), resistivity 18.2 MΩ cm).

Heavy water (D2O, Euriso-top, France, 99.90 atom% deuterium) was filtered with 100 nm

PVDF filter (Merck Millex MPSLVV033RS) prior to use. Sodium styrene sulfonate (Sigma

Aldrich, France), 4,4-azobis(4-cyanovaleric acid) (Sigma Aldrich, France, >98%), 2-(2-carboxy-

ethylsulfanylthiocarbonylsulfanyl)propionic acid (Sigma Aldrich, France), CaCl2 · 2 H2O (Sigma

Aldrich, France, >99.9%), NaCl (Sigma Aldrich, France, >99.9%), NaOH (Sigma Aldrich,

France), HCl (Sigma Aldrich, France, 37%), acrylic acid (Sigma Aldrich, France, >99%),

3-(trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt (abcr GmbH, Germany, 98 atom%

deuterium), disodium ethylenediaminetetraacetic acid (Sigma Aldrich, France, >98.5%) and

d4-acrylic acid (Polymersource, Canada, >98 atom% deuterium) were used as received.

1.2 Polymer synthesis

The synthesis of h3−PA1190PSS70 (sodium salt, the subscript numbers denote the degree

of polymerization for PAA and PSS and the number of hydrogendated/deuterated protons

in the PA block) will be described exemplarily.1–3 For the blocks denoted as d3−PA, acrylic

acid was replaced by d4 acrylic acid.

First a PSS macro RAFT agent was synthesized by dissolving 15 g of sodium styrene sul-

fonate (72.9 mmol), 264.5 mg of 4,4-azobis(4-cyanovaleric acid) (1.04 mmol) and 29.2 mg of 2-

(2-carboxyethylsulfanylthiocarbonylsulfanyl)propionic acid (0.10 mmol) in 150 mL of deion-

ized water at room temperature. Subsequently, the mixture was degassed by flushing with

argon for 30 min. The polymerization was carried out for 15 h at 70 ◦C under argon atmo-

sphere. After the reaction the product was allowed to cool down and transferred into dialysis

tubing (regenerated cellulose, Spectra/Por 6 MWCO = 1 kDa). The polymer was dialyzed

against a large excess of water for 3 days with exchange of water every 12 h and finally freeze
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dried. Yield: 13.1 g (86 %)

In order to obtain a PA-b-PSS block copolymer, 1.714 g of the previously synthesized PSS

macro RAFT agent (0.19 mmol), 5 mg of 4,4-azobis(4-cyanovaleric acid) (0.018 mmol) and

11.43 mL of acrylic acid (166.6 mmol) were dissolved in 69 mL of deionized water at room

temperature. The mixture was flushed with argon for 30 min. The mixture was polymerized

at 70 ◦C for 8 h. The product was allowed to cool down, brought to pH 10 by addition of 1 M

NaOH and transferred into dialysis tubing (regenerated cellulose, Spectra/Por 6 MWCO =

1 kDa). The product was dialyzed against a large excess of water for 3 days with exchange

of water every 12 h and finally freeze dried. Yield: 15.5 g (82 %).

Monomer conversion and block copolymer composition were determined by NMR spec-

troscopy. 1H (2H) NMR measurements were performed in D2O (H2O) using a Bruker

Ascent 700 or Bruker AV 500. For block copolymers containing deuterated poly acrylic acid,

3-(trimethylsilyl)-1-propanesulfonic acid-d6 sodium salt was added as a quantitative refer-

ence to be able to integrate between 1H and 2H spectra for the determination of the block

copolymer composition. NMR spectra are shown in Figures S2–S10.

1.3 Sample preparation

For the sample preparation, we followed an approached used in previous works.4–8 The

total number of positive charges for all samples was adjusted to 100 mmol L−1. The total

concentration of positive charges [+] is

[+] = [NaCl] + 2 · [CaCl2] = 100 mmol L−1 (S1)

with [NaCl] being the concentration of sodium chloride and [CaCl2] the concentration

of calcium chloride. This means a sample containing 25 mmol L−1 CaCl2 also contained

50 mmol L−1 NaCl, whereas a sample containing 50 mmol L−1 CaCl2 contains no additional

NaCl. Since the final CaCl2 concentration differs for the investigated samples we describe
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the sample preparation for d3−PA1190PSS70 / h3−PA1190PSS70 and d3−PA360PSS400

separately.

The sample preparation for d3−PA1190PSS70 and h3−PA1190PSS70 was identical.

First, two stock solutions of the freeze-dried polymer d3−PA1190PSS70 (or h3−PA1190PSS70)

in 100 mmol L−1 NaCl solution in pure H2O or 100 mmol L−1 NaCl in pure D2O were

prepared at twice (8 g L−1) the final concentration and adjusted to pH/pD of 9 with a

100 mmol L−1 NaOH solution. Mixing these two solutions in appropriate ratios resulted

in a new stock solution of polymer with the selected D2O/H2O content. Accordingly, stock

solutions of 50 mmol L−1 CaCl2 in pure H2O or pure D2O were prepared by dissolving

CaCl2 · 2H2O in H2O and D2O. As done with the polymer solutions, mixing those CaCl2

solutions in adequate ratio resulted in the CaCl2 solution with the selected D2O/H2O ratio.

Mixing of the polymer solution with the CaCl2 solution of a desired contrast in a 1:1

ratio was performed under vigorous stirring and dropwise addition of CaCl2 solution to the

polymer solution. This resulted in a polymer concentration of 4 g L−1, a CaCl2 concentration

of 25 mmol L−1 and a NaCl concentration of 50 mmol L−1.

For d3−PA360PSS400, two stock solutions (8 g L−1) of the freeze-dried polymer were

prepared in pure H2O and pure D2O and adjusted to a pH/pD of 9 with a 100 mmol L−1

NaOH solution. Mixing these two solutions in appropriate ratios resulted in a new stock

solution of polymer with the selected D2O/H2O content. Analogously, stock solutions of

100 mmol L−1 CaCl2 in pure H2O or pure D2O were prepared by dissolving CaCl2 · 2H2O

in H2O and D2O. As done with the polymer solutions, mixing those CaCl2 solutions in

adequate ratio resulted in the CaCl2 solution with the selected D2O/H2O ratio.

Mixing of the polymer solution with the CaCl2 solution of a desired contrast in a 1:1

ratio was performed under vigorous stirring and dropwise addition of CaCl2 solution to

the polymer solution. This resulted in a polymer concentration of 4 g L−1 and a CaCl2

concentration of 50 mmol L−1.

The resulting solutions were allowed to equilibrate for at least 2 days prior to mea-
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surement. The polymer-free solutions which served as solvent background for SANS and

SAXS were prepared in a similar way by mixing a CaCl2 solution with the correspond-

ing solvent without polymer (pure water for d3−PA360PSS400 and 100 mmol L−1 NaCl for

d3−PA1190PSS70/ h3−PA1190PSS70). The usage of CaCl2 · 2H2O results in less than

0.2 vol % additional H2O content and therefore does not influence the D2O content.

1.4 SAXS

Small-angle X-Ray scattering was performed at the ID02 beamline of the European Syn-

chrotron Radiation Facility (ESRF). Two sample to detector distances (10 m and 1 m) were

measured at a X-Ray energy of 12.46 keV (0.0995 nm) using a Rayonix MX-170HS CCD

detector to cover a q-range of 8 · 10−3 − 6 nm−1. Samples were filled in 2 mm quartz glass

capillaries (WJM Glas Müller, Berlin, Germany). The detector images were corrected for

dark and flat-field, azimuthally averaged, corrected to transmission of the direct beam and

scaled to absolute intensity using water as a secondary standard.9,10 The scattering from

the solvent was subtracted from the scattering curves. Details can be found in Ref. 10. Er-

ror bars were estimated as standard deviations from measurements of at least five different

positions within the capillary.

1.5 SANS

SANS measurements were performed at the D11 small angle neutron scattering instrument of

the Institut Laue-Langevin (Grenoble, France). Three sample to detector distances (39.0 m

collimation 40.5 m, 8.0 m collimation 8.0 m, 1.4 m collimation 5.5 m) and a neutron wave-

length of 0.5 nm (FWHM 9 %) were used to cover a q-range of 2 · 10−2 − 5 nm−1. We used

a circular neutron beam with a diameter of 15 mm. Scattered neutrons were detected with

a 3He MWPC detector (CERCA) with 256 × 256 pixels of 3.75 mm × 3.75 mm pixel size.

Samples were filled in 2 mm Hellma 404 Quartz Suprasil cells. The sample temperature was

adjusted to 25 ◦C using a circulating water bath. The detector images were azimuthally
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averaged, corrected to transmission of the direct beam and scaled to absolute intensity using

a 1 mm H2O cell as secondary calibration standard (dΣ
dΩ

= 0.929 cm−1) using the LAMP

software. The scattering from the solvent and the incoherent background were subtracted

from the scattering curves. Details for the data reduction can be found in Chapter 2 of Ref.

11.

2 Polymer characterization

2.1 NMR

We used NMR to characterize the (block) polymers as well as the macro RAFT agents and to

estimate the block length and ratios. Directly at the end of the polymerization we withdrew

an aliquot to determine the turnover of the reaction. In general, barely any monomer signal

was visible, from which we concluded, that the monomer conversion is at least > 95 %.

In order to estimate the degree of polymerisation of the PSS macro RAFT agent we

compared the signal of the RAFT polymer to the signal arising from the RAFT end group.

This was possible for PSS70 (c.f. Figure S1), whereas for PSS400 we calculated Mn from the

ratio RAFT agent to monomer and assuming 100 % conversion. Consequently, we determined

the block ratios from the NMR spectra of the block copolymers. Based on this and the

previsouly calculated length of the PSS block we determined the length of the PA block. For

the polymers where we used deuterated acrylic acid, we added 3-(Trimethylsilyl)propionic-

2,2,3,3-d4 acid sodium salt (TSP−d4) to be able to integrate between 1H and 2H spectra.

The corresponding samples were measured in D2O for the 1H experiment, freeze-dried and

redissolved in H2O for the 2H experiment in order to keep the amount of TSP−d4 constant.

For the h3−PA100PSS750 block copolymer we first synthesized a PA macro RAFT agent

and consequently polymerized the PSS block. The estimation of the block ratios was done

similar as for PA1190PSS70.

PSS70: 1H NMR (D2O, 500 MHz): δ(ppm) = 0.84–1.06 (br, 3H, d), 1.09–2.54 (br, 3H,
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c), 2.54–2.91 (br, 2H, f), 3.26–3.80 (br, 2H, e), 6.12–7.29 (br, 2H, b), 7.32–8.03 (br, 2H, a).

h3−PA1190PSS70: 1H NMR (D2O, 500 MHz): δ(ppm) = 0.71–2.54 (br, 6H, c), 6.15–7.19

(br, 2H, b), 7.27–7.95 (br, 2H, a).

d3−PA1190PSS70: 1H NMR (D2O, 700 MHz): δ(ppm) =−0.11–0.09 (s, 9H, d), 1.09–1.97

(br, 3H, c), 6.31–7.09 (br, 2H, b), 7.22–7.86 (br, 2H, a). 2H NMR (H2O, 107 MHz): δ(ppm)

= 0.41–0.67 (br, 2D, c), 0.73–3.57 (br, 5D, a & b, 1.85–2.06 (br, 2D, b).

PSS400: 1H NMR (D2O, 700 MHz): δ(ppm) = 0.71–2.39 (br, 3H, c), 6.05–7.08 (br, 2H,

a), 7.24–7.97 (br, 2H, a).

d3−PA360PSS400: 1H NMR (D2O, 700 MHz): δ(ppm) =−0.12–0.10 (s, 9H, d), 0.99–2.44

(br, 3H, c), 5.82–7.24 (br, 2H, b), 7.24–7.92 (br, 2H, a). 2H NMR (H2O, 107 MHz): δ(ppm)

= 0.43–0.80 (br, 2D, c), 0.95–3.47 (br, 5D, a & b), 1.80–2.15 (br, 2D, b).

h3−PA100: 1H NMR (D2O, 500 MHz): δ(ppm) = 0.94–1.08 (s, 3H, d), 1.27–2.54 (br,

3H, c), 2.54–2.68 (br, ? not assigned), 2.68–2.83 (br, 2H, b), 3.44–3.58 (br, 2H, a), 4.10–4.30

(br, ? not assigned).

h3−PA100PSS750: 1H NMR (D2O, 500 MHz): δ(ppm) = 0.98–2.34 (br, 6H, c), 5.83–6.89

(br, 2H, b), 7.13–7.74 (br, 2H, a).
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Figure S1: 1H NMR spectrum of PSS70 in D2O.
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2.2 Static and dynamic light scattering

The intensity-time correlation function g2(τ) − 1 measured with dynamic light scattering

was analyzed using the method of cumulants12

g2(τ)− 1 = B + β exp (−2Γτ)
(

1 +
µ2

2!
τ 2
)2

(S2)

B is a factor correcting the baseline, β a factor, which depends on the experimental setup,

Γ the relaxation rate and µ2 the the second cumulant. The apparent diffusion coefficient

Dapp(c, q) for a given q is calculated according to

Dapp =
Γ

q2
(S3)

The diffusion coefficient is consequently extrapolated towards q = 0 and c = 0 according

to13,14

D0 = Dapp(c, q)
(
1 + CR2

gq
2 + kDc

)
(S4)
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where C and kD are constants describing q and the concentration dependence of D0, respec-

tively. The diffusion coefficient D0 is used to calculate the hydrodynamic radius Rh using

the Stokes-Einstein equation

Rh =
kBT

6πηD0

(S5)

where T is the temperature, kB the Boltzmann constant and η the viscosity of the solvent.

Static light scattering was evaluated with the Zimm equation15

Kc

∆Rθ

=
1

Mw

+ 2A2c+
R2
g

3Mw

q2 (S6)

where c is the mass concentration of the polymer, Mw the weight average molecular weight

of the polymer, A2 the second osmotic virial coefficient and Rg the radius of gyration. ∆Rθ

is the Rayleigh ratio and identical with the macroscopic scattering cross-section dΣ
dΩ

used to

express the scattering intensity in SANS and SAXS. K is the contrast factor given by

K =
4π2

NAλ4
0

(
nstandard

dn

dc

)2

(S7)

It contains the Avogadro constant NA, the wavelength of the laser in vacuo λ0, the refractive

index of the standard (in this case toluene) nstandard and the refractive index increment of

the polymer in the solvent dn
dc

.

Figure S10–S12 show the characterization of the used polymers with static and dynamic

light scattering. As solvent we choose an aqueous solution of 100 mmol L−1 NaCl at pH 9.

In sub-figure A of each graph one can find the extrapolation of the diffusion coefficient to

c = 0 and q = 0. The blue points indicate the extrapolation towards q = 0 for a given

concentration. The blue line indicates the extrapolation of these points towards c = 0. The

intercept defines D0, which we used to calculate the hydrodynamic radius Rh. Similarly,

figure B shows the extrapolation of the static light scattering data towards c = 0 and q = 0.

Figure C shows the measurement of the refractive index increment for this given polymer
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in the same solvent conditions. The refractive index increment dn
dc

was determined using a

differential refractometer (DR3 by SLS Systemtechnik, Denzlingen, Germany). The instru-

ment operates at a wavelength of λ0 = 635 nm. A stock solution of 10 g L−1 polymer was

prepared in 100 mmol L−1 NaCl (H2O), adjusted to pH 9 and dialyzed against the solvent

solution prior to dilution.16 The measured values of dn
dc

can be found in Table S1.

Table S1 summarizes the results from the light scattering characterization.
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Table S1: Results from the light scattering analysis of the used polymers in aqueous 100 mmol L−1 NaCl solution in the absence
of CaCl2.

Polymer c /g L−1 D0/nm
2 s−1 Rh/nm Rg/nm Mw/kgmol−1 A2/10

4cm3 mol g−2 kD/cm3 g−1 Rg/Rh dn/dc/cm3 g−1

h3−PA1190PSS70

1.50 25370± 363 9.8± 0.1 13.4± 0.6 62835± 139
1.25 23802± 311 10.4± 0.1 15.2± 0.6 68633± 153
1.00 23013± 349 10.8± 0.2 14.7± 0.7 78395± 241
0.75 21495± 377 11.5± 0.2 17.5± 0.7 90381± 346
0.00 17871± 765 13.9± 0.6 23.5± 1.9 160093± 2117 32.6± 0.3 275± 48 1.7± 0.2 0.172± 0.001

d3−PA1190PSS70

1.50 25723± 316 9.6± 0.1 14.3± 0.8 69549± 254
1.25 25359± 409 9.8± 0.2 14.8± 0.6 77736± 187
1.00 23515± 215 10.5± 0.1 14.6± 0.6 87389± 232
0.75 21883± 328 11.3± 0.2 18.9± 0.9 100969± 510
0.00 18249± 637 13.6± 0.5 24.0± 2.4 181393± 3170 29.5± 0.4 284± 41 1.8± 0.2 0.157± 0.001

d3−PA360PSS400

1.50 27812± 185 8.9± 0.1 21.0± 0.6 87076± 326
1.25 27186± 187 9.1± 0.1 18.3± 0.6 89987± 264
1.00 26698± 290 9.3± 0.1 18.7± 0.7 96787± 363
0.75 25814± 248 9.6± 0.1 18.2± 0.7 102784± 353
0.00 23951± 486 10.4± 0.2 13.8± 2.4 126661± 1208 12.4± 0.3 108± 19 1.3± 0.2 0.177± 0.001

h3−PA100PSS750

1.50 23733± 114 10.5± 0.1 16.3± 0.4 127905± 274
1.25 23155± 229 10.7± 0.1 17.5± 0.5 138356± 383
1.00 22334± 179 11.1± 0.1 17.7± 0.4 149516± 314
0.75 20641± 84 11.7± 0.1 18.5± 0.4 161840± 434
0.00 17669± 198 14.0± 0.2 21.6± 2.3 220195± 1628 10.7± 0.1 231± 13 1.5± 0.2 0.174± 0.001
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Figure S10: (A) Dynamic Zimm plot of h3−PA1190PSS70 in 100 mmol L−1 NaCl. (B)
Zimm plot of h3−PA1190PSS70 in 100 mmol L−1 NaCl. (C) Refractive index increment as
a function of concentration of h3−PA1190PSS70 in 100 mmol L−1 NaCl.
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Figure S11: (A) Dynamic Zimm plot of d3−PA1190PSS70 in 100 mmol L−1 NaCl. (B)
Zimm plot of d3−PA1190PSS70 in 100 mmol L−1 NaCl. (C) Refractive index increment as
a function of concentration of d3−PA1190PSS70 in 100 mmol L−1 NaCl.
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Figure S12: (A) Dynamic Zimm plot of d3−PA360PSS400 in 100 mmol L−1 NaCl. (B)
Zimm plot of d3−PA360PSS400 in 100 mmol L−1 NaCl. (C) Refractive index increment as
a function of concentration of d3−PA360PSS400 in 100 mmol L−1 NaCl.

0.00 0.25 0.50 0.75 1.00
q2 + s c/nm 2 ×10 3

1.8

2.0

2.2

2.4

D 0
/n

m
2 s

1

×104A

0.0 0.5 1.0 1.5
q2 + s c/nm 2 ×10 3

0.6

0.8
Kc

/R
R/

m
ol

g
1

×10 5B

0 2 4 6 8 10
c/gL 1

0.0

0.5

1.0

1.5

dn

×10 3C

Figure S13: (A) Dynamic Zimm plot of h3−PA100PSS750 in 100 mmol L−1 NaCl. (B)
Zimm plot of h3−PA100PSS750 in 100 mmol L−1 NaCl. (C) Refractive index increment as
a function of concentration of h100−PA360PSS750 in 100 mmol L−1 NaCl.

3 Reversibility of micelle formation

The reversibility of micelle formation was shown by addition of Na2EDTA to a micelle

solution. For this an aqueous 200 mmol L−1 solution of Na2EDTA was prepared and adjusted

to pH 9 using 1 mol L−1 NaOH. In addition, an aqueous 200 mmol L−1 CaCl2 solution was

prepared and adjusted to pH 9 using 100 mmol L−1 NaOH solution. Both solutions were

filtered using hydrophilic 100 nm PVDF filters (Merck Millipore).

First, a solution of h3−PA1190PSS70 (1 g L−1, pH 9, 1 mL) in 100 mmol L−1 NaCl was

investigated using angular dependent DLS and SLS. To this solution an aliquot of 50 µL

CaCl2 solution was added to trigger micelle formation. Subsequently, aliquots of 25 µL of

Na2EDTA or CaCl2 solution were added to switch between single chains and micelles. After

each injection angular dependent DLS and SLS was performed. Four complete cycles were

carried out. This increased the total volume of 1000 µL to 1225 µL.

Figure S14 shows the hydrodynamic radius Rh from DLS upon subsequent additions of
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Ca2+ and EDTA.
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Figure S14: (A) Hydrodynamic radius Rh as a function of subsequent injections of CaCl2 and
Na2EDTA. The first point refers to a solution of 1 g L−1 h3−PA1190PSS70 in 100 mmol L−1

NaCl. (B) Hydrodynamic radius Rh as a function of temperature cycles between 25 ◦C and

65 ◦C for h3−PA1190PSS70 at a polymer concentration of 1 g L−1 and a Ca2+ concentration
of 6.1 mmol L−1.

We also showed the reversibility of micelle formation by a change in temperature. For

this we prepared a sample of h3−PA1190PSS70 at 1 g L−1 and a concentration of Ca2+ of

6.1 mmol L−1. This sample is close to the micelle transition but still in the single chain regime.

Upon an increase of temperature the binding of Ca2+ to the PA block is promoted and

micellization occurs. Various temperature cycles combined with angular dependent SLS and

DLS were performed. Figure S14B shows the hydrodynamic radius for those experiments.
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4 Scattering length densities

Table S2 shows the molar volumes Vm, scattering length b and scattering length densities

ρ for neutrons and X-rays (at 12.46 keV) used for the analysis of the data. The scattering

length density of a given compound is given by

ρ =
b

Vm
Na (S8)

with NA being the Avogadro constant.

Table S2: Molar volumes, neutron and X-ray scattering length and scattering length density
of the used compounds. ρX-rays was calculated for a X-ray energy of 12.46 keV.

Compound Vm bneutrons bX-Rays ρneutrons ρX-rays

/cm3 mol−1 /fm /fm /1 · 10−10 cm−2/ /1 · 10−14 cm−2

h3PA– 29.1a 20.327 107.269 4.208 22.21
d3PA– 29.1a 51.557 107.269 10.674 22.21
NaPSS 108.7 50.881 299.823 2.818 16.61
D2O 18.141 19.145 28.242 6.355 9.375
H2O 18.069 −1.675 28.242 −0.558 9.398

Ca2+ 17.0± 2.8b 4.7 51.652 1.665 1.830 · 10−3

d3−PA1190PSS70
c 7.762

d3−PA360PSS400
c 4.165

a Taken from reference 17. b The molar volume of Ca2+ was fitted. The shown value is
the average value we obtained from analysis of the three different polymers. c We assumed

that every PA monomer is complexed by 0.5 equivalents of Ca2+.

5 Analysis of scattering data

5.1 Form factor model

The form factor of self-assembled block copolymers with excluded volume interaction of the

polymer chains was first treated by Pedersen under the assumption that the polymers form

spherical micellar-like structures.18–21 The macroscopic scattering cross-section dΣ
dΩ

(q) of a
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solution of micelles can be written as20

dΣ

dΩ
(q) = N

[
N2

aggβ
2
coreA

2
core (q) +Naggβ

2
coronaP

′
corona (q) + 2N2

aggβcoreβcoronaAcore (q)Acorona (q)

+Nagg (Nagg − P ′corona(0)) β2
coronaA

2
corona (q)

]
(S9)

where N is the number density of micelles, Nagg the aggregation number of micelles, βcore

and βcorona are the total excess scattering length of the block forming the spherical core and

the corona, respectively. They are defined as

βcorona = Vm, coronaDPcorona∆ρcorona (S10)

and

βcore = Vm, coreDPcore∆ρcore (S11)

with Vm being the molecular volume of the respective monomer unit, DPcorona and DPcore

the degree of polymerization of the corona and core block and ∆ρ the corresponding excess

scattering length density.

Equation S9 consists of four different contributions: scattering from the spherical ho-

mogeneous core A2
core(q), scattering from the polymer chains in the corona P ′corona (q), the

cross-term between core and corona Acore(q) ·Acorona(q) and the cross-term between different

chains A2
corona(q). Acore(q) is the scattering amplitude of a homogeneous sphere22 with radius

Rcore

Acore (q) = 3
sin (qRcore)− qRcore cos (qRcore)

(qRcore)
3 (S12)

P ′corona (q) is the form factor of a chain in the corona. It contains the self-correlation of

the chain Pexv(q) as well as the interaction between the chains, which is expressed by the

interaction parameter ν 20,23

P ′corona (q) =
Pexv(q)

1 + νPexv(q)
(S13)

where Pexv(q) is the form factor of a semi flexible self-avoiding chain. This form factor
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was first derived by Pedersen and Schurtenberger24 and later corrected.25 In experiments

ν typically adopts values between 0 and 8 and is related to the osmotic compressibility κ

by20,23,26

κ = 1 + ν (S14)

Acorona (q) is given by

Acorona (q) =

∫
ρcorona(r)r2 sin (qr)

qr
dr∫

ρcorona(r)r2dr
(S15)

with ρcorona(r) as the scattering length density profile in the corona. In this work we use a

Gaussian profile, which is defined as

ρcorona(r) =


0 for r < Rcore

1 for r = Rcore

exp
(
−(r−Rcore)2

2s2

)
for r > Rcore

(S16)

with s controlling the thickness of the corona.

In order to take into account the size distribution of micelles we assumed a log-normal

distribution of the aggregation number Nagg

p (Nagg) =
1

H
√

2πNagg

exp

(
− log (Nagg −M)2

2H2

)
(S17)

where H and M define the distribution and are connected to the mean aggregation number

Nagg and standard deviation σNagg
by

Nagg = exp

(
M +

H2

2

)
(S18)

σNagg
=
√

exp (H2 + 2M) (exp (H2)− 1) (S19)
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The macroscopic scattering cross-section is therefore

dΣ

dΩpolydisperse
(q) =

∫
dΣ

dΩ
(q)p(Nagg)dNagg (S20)

Instrumental resolution for SANS has been taken into account according to Ref. 27. The

macroscopic scattering function is convoluted with a resolution function R (q, σq), which

depends on wavelength spread, finite collimation of the beam and detector resolution

dΣ

dΩ smeared
(q) =

∫
R(q, σq)

dΣ

dΩpolydisperse
(q)dq (S21)

5.2 Fitting procedure

For the form factor fits we used the SASET program,28 which allows global fitting of several

contrasts at the same time. During the data analysis of the SANS curves we took into

account the instrumental resolution for each detector configuration and merged the data

only for final representation. This approach allows us to increase the number of available

data points since we do not truncate the data in the region of overlapping q. We performed a

global fit to the SANS and SAXS data with a single set of shared fitting parameters. For the

samples, where the aggregation number changes with D2O content we attributed a common

aggregation number to the corresponding SANS and SAXS curves but left the rest of the

fitting parameters as global fitting parameters.

In order to constrain the fit we used the molar volumes of the individual blocks, known

from the degree of polymerization and the molar volumes listed in Table S2. Moreover, we

restricted the fit by giving the used polymer concentration. Together with the aggregation

number Nagg (which is a fitting parameter) the number density N of micelles in L−1 is directly

obtained by

N =
c

MpolymerNagg

NA (S22)

with c the polymer concentration in g L−1, the molecular weight of the polymer Mpolymer and
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the aggregation number Nagg.

5.3 SAXS

Figure S15 and S16 show the SAXS profiles of d3−PA1190PSS70 and d3−PA360PSS400

micelles in the presence of Ca2+ at various D2O/H2O ratios. The solid lines represents

a fit to the previously described form factor model. For the sample d3−PA1190PSS70 we

obtained a change in aggregation number when changing from H2O to D2O. Figure S15

shows the aggregation numbers obtained from the form factor analysis as a function of D2O

content.
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Figure S15: SAXS profiles of d3−PA1190PSS70 micelles (cpoly = 4 g L−1, c
Ca2+ =

25 mmol L−1) at various D2O/H2O ratios. The solid lines represent fits to the form fac-
tor of a polydisperse block copolymer micelle.20 An overview of the fit results can be found
in Table S3.
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Ca2+ = 50 mmol L−1) at

various D2O/H2O ratios. The solid lines represent fits to the form factor of a polydisperse
block copolymer micelle.20 An overview of the fit results can be found in Table S3.



Table S3: Parameters for the micelles in the presence of CaCl2 obtained for the fits shown in the main manuscript and in Figure
S15 and S16.

D2O % Nagg σNagg/Nagg Rcore/nm σRcore/Rcore Rg,corona/nm s/nm ν h V
m, Ca2+/cm

3
mol

−1 dΣ
dΩ inc

/cm
−1

d3−PA1190PSS70
0.0 SANS

168.40 ± 0.11

0.31 ± 1.5 · 10−4

26.10 ± 0.02

0.102 ± 5.0 · 10−5 2.12 ± 0.03 4.05 ± 8.9 · 10−3
0.00 ± 7.4 · 10−3 11.59 ± 0.01 13.9 ± 0.02

2.7 · 10−3 ± 1.4 · 10−4

0.0 SAXS

25.0 SANS
159.27 ± 0.10 25.63 ± 0.02

1.3 · 10−3 ± 1.1 · 10−4

25.0 SAXS

48.6 SANS
151.34 ± 0.11 25.20 ± 0.02

2.1 · 10−3 ± 7.5 · 10−5

48.6 SAXS

73.3 SANS
139.13 ± 0.09 24.51 ± 0.02

1.5 · 10−3 ± 4.9 · 10−5

73.3 SAXS

87.5 SANS
133.35 ± 0.09 24.17 ± 0.02

1.7 · 10−3 ± 3.3 · 10−5

87.5 SAXS

100.0 SANS
125.86 ± 0.08 23.71 ± 0.02

2.8 · 10−13 ± 2.3 · 10−5

100.0 SAXS
d3−PA360PSS400

0.0 SANS

19.6 ± 0.07 0.21 ± 9.9 · 10−3 8.78 ± 0.03 0.069 ± 3.3 · 10−3 9.55 ± 0.04 8.86 ± 9.5 · 10−3
1.19 ± 2.3 · 10−2 12.21 ± 0.03 19.6 ± 0.05

2.0 · 10−2 ± 1.8 · 10−4

0.0 SAXS

25.0 SANS 4.4 · 10−3 ± 1.3 · 10−4

25.0 SAXS

48.6 SANS 4.4 · 10−3 ± 9.2 · 10−5

48.6 SAXS

65.8 SANS 3.0 · 10−3 ± 6.8 · 10−5

65.8 SAXS

80.0 SANS 1.5 · 10−3 ± 4.5 · 10−5

80.0 SAXS

100.0 SANS 8.6 · 10−4 ± 5.7 · 10−5

100.0 SAXS

S
26



5.4 Model with PSS in the core and d3−PA in the corona

Figure S18 shows the SANS profiles of d3−PA360PSS400 and the model fit with PSS in the

core and d3−PA in the corona. This model can not describe the scattering data sufficiently

well.
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Figure S17: SANS profiles of d3−PA360PSS400 micelles at various D2O/H2O ratios. The
solid lines represents fits to the form factor of a polydisperse block copolymer with PSS in
the core and d3−PA in the corona.

6 Phase diagrams of the polymers in the presence of

Ca2+

The phase diagrams were established by subsequent addition of aliquots of 20 µL of a

50 mmol L−1 CaCl2 solution to 1 mL of a solution of block copolymer in 100 mmol L−1 NaCl.

The transition from single chains to micelles was monitored by turbidity using a UV-Vis

spectrometer at 400 nm or the static light scattering signal (using the ALV-CSG3 at a scat-

tering angle of 150◦). Figure S18A shows the phase diagram with the points indicating single

chain, micelle and phase separation regime. The phase boundaries for d3−PA1190PSS70

and h3−PA1190PSS70 were found to be identical within the given accuracy of the CaCl2
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injections. For d3−PA1190PSS70/h3−PA1190PSS70 precipitation of the micelles from solu-

tion can be found at CaCl2 concentrations above 50 mmol L−1, which we attribute to strong

screening of the PSS chains in the corona and consequent destabilization of the micelles.

h3−PA100PSS750 does not form micelles in the presence of Ca2+. Figure S18B shows a

SAXS profile (D2AM, ESRF Grenoble) of h3−PA100PSS750 in 50 mmol L−1 CaCl2 solu-

tion. The scattering can be well described by the model of a generalized Gaussian chain29.

We obtain a radius of gyration Rg of 14.0 ± 0.1 nm and a Flory exponent ν of 0.57 ± 0.05,

which indicates that the polymer chains do not aggregate.

Figure S18C shows an autocorrelation function of h3−PA1190PSS70 micelles and the

corresponding fit using eq S2. The correlation function shows a mono modal decay, from

which we conclude that the majority of polymers are aggregates into micelles and the fraction

of free polymer is negligible.
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Figure S18: A Phase diagram of d3−PA1190PSS70/h3−PA1190PSS70 in the presence of

Ca2+ in H2O. The symbols indicate the compositions, which were prepared to identify
the phase diagram. Black crosses indicate precipitates, red squares micelles and blue circles
single chains. B SAXS profile (D2AM, ESRF Grenoble) of h3−PA100PSS750 at 1 g L−1

in 50 mmol L−1 CaCl2. The solid line represents the fit to the generalized Gaussian chain
model29. C Exemplary autocorrelation function of h3−PA1190PSS70 micelles and fit to eq
S2.
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