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Supporting information

Detailed synthetic protocol

Macro-initiator synthesis

A bifunctional macro-initiator was prepared by dissolving 150 g of poly(ethylene glycol)(PEG) with Mn

10.000 gmol−1 (Fluka) in 1.5 L toluene (Sigma Aldrich). After azeotropic distillation of 500 mL toluene, a
ten-times molar excess with respect to the amount of PEG, of triethylamine (Sigma Aldrich) was added,
which corresponds to 3 mL triethylamine. Subsequently, a ten-times molar excess, with respect to the
amount of PEG, of 2-bromoisobutyryl bromide(Sigma Aldrich) was added dropwise, which corresponds
to 2.74 mL of 2-bromoisobutyrylbromide. The reaction mixture was stirred for five days at 30◦C.

Purification of the double macro-initiator was started by treatment of the reaction mixture with
decolourising charcoal at 40◦C for 30 min. Subsequently, the solids were removed by Büchner filtration.
The solvent was partly removed by rotary evaporation before precipitation of the product in a ten-fold
excess of petroleum ether. After filtration, the product was redissolved in 0.5 L THF before precipitation
in a ten-fold excess of petroleum ether (twice). The product was obtained by filtration and dried under
vacuum overnight. Yield was determined to be 88%. The degree of esterification was determined by 1H
NMR to be 100%.

Triblock copolymer synthesis

The triblock copolymer was prepared by degassing the solid mixture of 40 g of double macro-initiator
and 56.3 g of 3-sulfopropylmethacrylate potassium salt (KSPMA) (Sigma Aldrich), which is a 59-fold
excess of reactive monomer, aiming for an average degree of polymerization of 60. The solid mixture was
dissolved in 80 mL of a degassed mixture of water/DMF (1:1) at 60◦C. The reaction mixture was kept
under argon flow until completion. An ATRP catalyst mixture was prepared by dissolving an equal molar
amount, with respect to the amount of double macro-initiator, of CuICl (Sigma Aldrich), a double molar
amount, with respect to the amount of double macro-initiator, of CuIICl (Sigma Aldrich) and a 7.5-times
molar excess, with respect to the amount of double macro-initiator, of 2,2-bipyridine (Sigma Aldrich) in
40 mL of a water/DMF mixture (1:1). The actual amounts used are 0.29 g CuICl, 0.77 g CuIICl and
3.34 g 2,2-bipyridine. The ATRP catalyst mixture was added to the double macro-initiator/KSPMA
solution to start the polymerization. The reaction was quenched after three hours by bubbling oxygen
through the sample.

Purification of the product was achieved by diluting the polymer solution with water followed by
dialysis against 1 M KCl solution at pH ≈ 3. EDTA salts were added to the dialysis bath up to a
concentration of 10 mM to bind the copper ions in the polymer solution. Next dialysis step was against
0.1 M KCl at pH ≈ 3 and 10 mM of EDTA. Final purification step was extensive dialysis against pure
water. The triblock copolymer was obtained by freeze-drying overnight. Yield was determined to be
16%, caused by an unfortunate massive loss of product during dialysis.

Structural analysis

The product was dissolved in D2O to determine the structure by 1H-NMR on a Bruker Avance III
400MHz NMR spectrometer. The triblock copolymer structure and its relation to the 1H-NMR spectrum
is indicated in figure 1. The degree of polymerization (DP) was determined using the ratio of the integrals
of peak e to the peak of PEO. Taking into account the amount of protons in a PEO monomer and group
e of the triblock copolymer, the DP was determined by DP = 4Ie

2IP EO
·NPEO with Ie the integral of peak

e, IPEO the integral of the PEO peak and NPEO = 230 the amount of PEO groups in the starting PEO,
based on SEC against PEO standards. From this it follows that the average degree of polymerization is
55.

Size exclusion chromatography (SEC) was performed to determine the relative molecular weight of
the triblock copolymer, see figure 2. SEC was carried out in a NaNO3 aqueous solution (0.1 M), with
a Waters 600 liquid chromatograph equipped with a 2414 refractive index detector and four Waters
Ultrahydrogel columns (Ultrahydrogel 1000, 500, 250 and 120). A flow rate of 0.8 mLmin−1 was used.
Poly(ethylene oxide) standards were used for calibration.
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Characterization techniques

Dynamic Light Scattering Titrations

Dynamic light scattering titrations were performed on an ALV light scattering instrument equipped
with an ALV-5000/60X0 external digital correlator and a 300 mW solid state laser (Cobolt Samba-300
DPSS laser) operated at a wavelength of 532 nm. Angle of detection was always 90◦. A refractive index
matching bath of filtered cis-decalin surrounded the cylindrical scattering cell, and the temperature
was controlled at 20±0.1◦C using a Haake F8-C35 thermostat. Titration steps were automated using
a Schott-Geräte TR 250 computer-controlled titration setup for sequential addition of titrant and cell
stirring. After each DLS measurement, the pH was measured and the sample was stirred for one minute
before addition of the titrant, followed by a period of stirring for eight minutes and a one minute rest
period, before starting DLS measurements again.

Light scattering intensity was measured in 40 separate measurements of 12 s each after each titration
step. Each separate measurement generates an average scattered light intensity over the measured 12 s.
The values presented in the main text for the average light scattering intensity 〈I〉 are the averages over
these 40 separate measurements.

The pH DLS titration data were obtained using a more sophisticated script, which evaluates the
stability of the scattered light intensity during the measurement. The user can determine for how many
DLS measurements the intensity should be within a certain range (depending on the intensity) to assume
equilibrium. The duration of each measurement is automatically adjusted to the measured scattered light
intensity. We decided that 15 runs stable is equilibrium, with a minimum duration of a measurement of
12 s.

The average scattered light intensity was normalized by the total polymer concentration ( 〈I〉Cp
) in the

measuring cell, assuming I ∝ Cp, which was checked to be correct in the concentration regime investigated
in this paper. The hydrodynamic radii (Rh) were determined by averaging the values of each separate
DLS measurement, as given by the standard ALV software, which is based on the cumulants method.

Small-Angle X-ray Scattering

Small-angle X-rays scattering (SAXS) measurements were performed at the Adolphe Merkle Institute.
The SAXSess lab system from Anton Paar (Graz, Austria) comprises an X-ray generator (PANalytical,
PW 3830) operating at 40 kV and 50 mA with a sealed-tube Cu anode (Philips 2773/00 long fine
focus). A Göbel mirror (AXO Dresden, C40-0641) and a Kratky block collimation system were used
to convert the divergent polychromatic X-ray beam into a focused line-shaped beam of Cu K radiation
(λ = 0.1542 nm). The samples were filled at room temperature into the sample holder (1 mm quartz
capillary in a metal block, temperature controlled by a Peltier element, (0.1 K). The 2D scattering
pattern was recorded by a CCD camera from Princeton Instruments (Trenton, NJ, USA). The 2D image
was radially integrated to obtain I(q) using SAXSQuant software (Anton Paar, Graz, Austria) in the
range 0.08 < q < 2 nm−1.

The measured scattering curves were corrected for solvent scattering, put on absolute scale by
measuring the scattering intensity of water, and desmeared using the SAXSQuant software. Interac-
tions were modelled using a hard sphere structure factor, yielding an effective volume fraction and
radius, as the micelles are not real hard spheres. Model fitting was done using the SASfit program
(http://kur.web.psi.ch/sans1/SANSSoft/sasfit.html) employing a form factor for polydisperse (Gaussian
distribution) homogeneous spheres. The data has also been analysed using generalized indirect Fourier
transformation as described in detail elsewhere. (G)IFT analysis of SAXS data for samples between 2
and 160 g L−1 yielded p(r) functions with a very symmetrical shape, typical for spherical particles, with
Rg = 8.1± 0.4 nm.

Rheological measurements

Gels were prepared by mixing together two separate polyelectrolyte solutions containing either the tri-
block copolymer or the oppositely charged homopolymer. All gels were prepared at charge stoichiometric
ratio: f+ = 0.5. To determine and control the ionic strength of the samples, complete counter-ion release
upon complexation was assumed. The values given for the viscosity in the main text were measured as

3



the low-frequency complex viscosity (η∗), or, assuming Newtonian behaviour for low shear rates, zero-
shear viscosity (η0). It was experimentally checked that these two viscosities coincide for the applied
frequencies and shear rates.

Rheological measurements were performed on either an Anton Paar MCR 301 or Anton Paar MCR 501
rheometer, both in strain controlled mode. Cone-plate geometry was used for both oscillatory and
rotational measurements. A cone with a diameter of 50 mm and a tilt angle of 1◦ was used for most
experiments. Occasionally, a cone with a diameter of 25 mm and a tilt angle of 1◦ was used. The
zero-shear viscosity (η0) of low viscosity samples was measured separately using a Couette geometry
with a diameter of 10 mm and a gap width of 0.841 mm. Temperature was controlled by a Peltier
element in the plate or Couette measuring cell. Measurements started one hour after sample loading, to
assure complete relaxation of the gel samples before starting measurements. A solvent trap was used to
minimize the effect of evaporation. At least two different samples were measured for each concentration
and ionic strength of the gels.

Frequency sweeps with an angular frequency (ω) between 0.01–628 rads−1, were performed at a strain
of 5%. It was checked that the applied strain of 5% corresponded to the linear visco-elastic regime for all
applied frequencies, by performing amplitude sweeps at multiple frequencies. The complex viscosity (η∗)
values used in the main text were determined by the plateau in the complex viscosity at low frequencies.

Rotational measurements were performed with shear rates (γ̇) between 0.001–1 s−1. Values for η0

were obtained by the low shear rate viscosity plateau values, assuming Newtonian behaviour at shear
rates approaching zero.

Movie

Two short movies are available to demonstrate i) the gel formation upon mixing the two separate polymer
solutions and ii) the response of a gel to an increase in salt concentration.
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Figure 1: (a) Structure of PSPMA28—PEO230—PSPMA28 with labeled groups. (b) NMR spectrum
of PSPMA28—PEO230—PSPMA28 with peaks corresponding to the labels.
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Figure 2: Size exclusion chromatogram of PEG230 starting material (dotted line), double macro-
initiator (dashed line) and triblock copolymer PSPMA28—PEO230—PSPMA28 (full line).

6




