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Materials.

N-isopropyl acrylamide (NIPAM)tert-butyl acrylamide (tBAM), 4,4azobis(4-cyanovaleric
acid (ACVA), N,N-dimethyl acrylamide (DMAM), ethanol, diethyl eth@-phenylethanethiol,
potassium triphosphate, carbon disulfide, 2-brormoe2hylpropionic,N-hydroxysuccinimid
(NHS), N-(3-dimethylaminopropylN -ethylcarbodiimide  hydrochloride (EDC), B-
mercaptoethylamine (MEA), magnesium sulfate, etledtate and hexane were delivered by
Sigma Aldrich. DO was obtained by Deutero GmbH. 4-(2-Hydroxyethyipazine-1-
ethanesulfonic acid (HEPES) was obtained from VVilexa Fluor 647 Cadaverine was
obtained from ThermoFisher Scientific.

Synthesis of 2-(phenylethylthiocarbonothioylthio)-2methylpropanoic acid (PETAC).

10.0 g (72.5 mmol) of 2-phenylethanethiol and 321(144.9 mmol) of potassium
triphosphate were added to 200 mL of acetone. Afeminutes of vigorous stirring, 13.8 g
(181.2 mmol) of carbon disulfide was added to thspsnsion. The reaction mixture was
stirred for 1 hour and 13.3 g (79.7 mmol) of 2-bmeB&imethylpropionic acid were added
dropwise and the reaction mixture was stirred at@Q@or 30 hours. The reaction mixture was
then filtered and acetone was removed under vacutura. residual oil was dissolved in
diethyl ether (200 mL) and this solution was wastvade with 200 mL of 10 % HCI aqueous
solution and 3 times with 200 mL of deionized wat&éhe ether phase was dried with
magnesium sulfate and the ether was removed undeuum. The crude product
recrystallized from ethyl acetate:hexane 1:10 ¥&.1 g (50.25 mmol) of pure RAFT agent
were obtained. Yield = 69 %

'H NMR (400.13 MHz, CDG, 298 K) § (ppm): 1.72 (6H, Ch), 2.91-2.97 (t, 2H,
SCHCHzPh), 3.47-3.54 (t, 2H, SGBH:Ph), 7.18-7.31 (m, 5H, Ph).

13C NMR (400.13 MHz, CBClp, 298 K) & (ppm): 25.3 (Gis), 34.3 (GH.Ph), 38.1
(SCH2CH2Ph), 55.8 (C(CH)2), 126.8, 128.7, 139.6 (Ph), 179.3 (C=0), 220.43L=

Synthesis of the PDMAMg Macro CTA.

20.01 g of the monomer dimethyl acrylamide (0.2024l, 49 eq), 1.354 g of the CTA 2-
(phenylethylthiocarbonothioylthio)-2-methylpropaacacid (0.00412 mol; 1 eq) (for more
information see scheme in Main Part) and 0.1157 theinitiator 4,4azobis(4-cyanovaleric
acid) (0.000412; 0.1 eq) (ACVA) were added to anddbottomed flask. To this mixture 30 g
(leading to ~60 wt% solvent) degassed ethanol (leablith N> over night) was added. The
mixture was cooled with an ice bath and purged Wilfor 30 min. To start the reaction the
sealed flask was immersed into an oil bath se@&C7 After 35 min the reaction was stopped
by quenching in an ice bath and adding 30 ml of-degassed methanol (90 % conversion
according to NMR). The polymer was purified by pp#ation in excess of diethyl ether.
Finally, the precipitate was dissolved in water fnegze-dried to yield 17 g of polymer.

In order to preserve the RAFT end-group of the PDJAhe polymerization was quenched
before full conversion at 90% DMAM conversion. Agie large batch (17 g) of the PDMAM
macro-CTA was produced to ensure precisely the sl degree of polymerization (and
blocking efficiency)!

SEC (DMF, 1 g/L, PMMA calibration}¥l, = 5.1 kg/molp=1.16

'H NMR (400.13 MHz, CDG, 298 K)& (ppm): 1.1-1.7 (2H, Ch, 2.3-2.7 (m, 1H, CHCH-
CON), 2.7-3.2 (m, 6H, N-(B3)2), 7.18-7.31 (m, 5H, Ph).

A typical protocol for the synthesis of PDMAMig-b-P(NIPAM- st-tBAM) x is as follows.
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0.3138 g of the monomer NIPAM (0.00278 mol; 131, €q)1861 g of the monomer tBAM
(0.00146 mol 69 eq), 0.1097 g of the macro CTA PDWAA(0.0212 mmol; 1 eq) and 0.0020
g (0.0071 mmol; 0.33 eq) of the initiator 4aobis(4-cyanovaleric acid) (ACVA) were
added to a vial. To this mixture, 2.435 g degassater (purged with Bl over night) was
added. The mixture was cooled with an ice bathlarabled with N for 30 min. To start the
reaction, the sealed flask was immersed into amatih set at 70 °C. After 2 h the reaction
was stopped by cooling to 25 °C and purging wispurized air (99 % conversion according
to NMR). Reaction mixture was used without furtparification.

SEC (DMF, 1 g/L, PMMA calibration}w = 42.7 kg/molp= 1.2

'H NMR (400.13 MHz, CROD, 298 K)& (ppm): 1.0-1.9 (N-CH-(€l3)2, N-C-(CH3)3), 1.9-
2.3 (2H, H), 2.4-2.85 (m, 1H, CHCH-CON), 2.85-3.25 (m, 6H, N-(d3)2) 3.8-4.1 (bs, 1H,
NH), 7.1-7.4 (m, 5H, Ph).

Fluorescence labeling.

Labeling of the gel-forming A-b-Boo-S50 with Alexa Fluor 647 dye was achieved by
following procedure. About 10QL of micellar sample of pristine &b-B4oo-S50 (~50 g/L;
107 mol carboxy groups) was cooled for 2 h at 4 °Gadtivate the gel formation on a glass
cover slide upon return to room temperature (bytshplacing the cooled sample for 1 min
at 60 °C). The gel was incubated for 1 day withesalvdrops of a labeling buffer (0.5 mg
NHS, 1 mg of EDC and 120 mg of HEPES in 10 mL wateen adjusted to pH 7 by addition
of 0.1 M NaOH/HCI; incubation took place in a cldswetted petri-dish to avoid evaporation
of water). Then, residual incubation buffer was oged carefully from the gel with a tissue
and approximately 2QlL of a fluorescence dye solution of Alexa Fluor 83dadaverine (i.e.

2 10® mol amino/dye groups; obtained after mixingl5a 5mM dye solution in DMSO with
20 pL of the labeling buffer) was placed on top of ge. To enhance the labeling efficiency,
a tip of a spatula NHS (~1 mg) and EDC (~ 5 mg) wdded on top for dissolution and
equilibration overnight (again in a closed petstgi Subsequent purification was achieved by
placing carefully several drops of labeling buffar top of the labeled gel with repeated
replacement of the drops with fresh buffer (“diadysfor two days). For complete
homogeneous labeling, the gel was reactivated blyiagpanother cooling and heating cycle
(after residual excess buffer was carefully remowl tissue).

'H NMR Spectroscopy.

All NMR spectra were recorded using a 400 MHz Brukeance-400 spectrometer (64 scans
averaged per spectrum) at RT using either GDIGIO, or C:OD.

Gel Permeation Chromatography (GPC).

The molecular weights and dispersities of copolgrmmthesized in ¥ were determined
using a DMF GPC setup operated at 60 °C and comgrig/o Polymer Laboratories PL gel
5 um Mixed-C columns connected in series to a Var@d-BC multidetector suite (refractive
index detector only) and a Varian 290-LC pump itigt module. The GPC eluent was
HPLC grade DMF containing 10 mM LiBr at a flow rate1.0 mL mint. DMSO was used as
a flow-rate marker. Calibration was conducted usimgseries of near-monodisperse
poly(methyl methacrylate) standardM.& 625-618 000 g md). Chromatograms were
analyzed using Varian CirrusGPC software (versi@).3

The samples synthesized in@ were analyzed in the following GPC setup. Thelyses
were performed at room temperature using a highspire liquid chromatography pump
(Bischoff 2250) and a refractive index detectors¢@a2031plus). The eluting solvent was
dimethylformamide (DMF) with 1 g/L LiBr and a flovate of 1.0 mL/min. Five columns with

3
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PSS GRAM material were applied. The length of trecplumn was 50 mm and the diameter
8 mm (30 A). The remaining four columns had a lengt 300 mm, diameter of 8 mm,
particle size of 10 um, and the nominal pore widtlese 30, 100, 1000 and 3000 A. Narrow-
dispersed poly(methyl methacrylate) samples (PS&nM Germany) were used for
(universal) calibration and the software packag® MBnGPC Unity (PSS, Mainz, Germany)

was used for the evaluation.
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Table S1.Polymer characterization

Exp. Nr.:2 (ﬁﬁmr)ii‘;;] DP (NIPAM) (fgz‘ﬁ)'f{% DP (tBAM)? N'T;‘K‘,’M [kyr“::ou Mu/M,e
Ass-b-Bs-S50 98.2 32 98.4 17 0.66 13 12
AsbBoSSY %83 3 se 15 0es w11
Ass-b-B15-S50 98.8 49 98.3 26 0.66 19 12
Aug-b-B1og-S50 98.6 64 99.0 34 0.65 24 13
AcbBoSSP sS85 eis % 0es 17 12
Aug-b-B1so-S50 99.1 97 99.4 51 0.65 37 13
Aug-b-Bop-S50 99.2 130 99.6 68 0.66 46 13
Aug-b-Byso-S50 98.9 163 99.3 86 0.65 56 13
Aug-b-Boo-S50 96.4 189 99.6 103 0.65 60 13
Ass-b-Baoo-S50 98.8 265 99.8 140 0.65 73 14
AobBorSS %8s 260 83 11 066 78 14
Ass-b-Bago-S50 98.6 318 99.9 170 0.65 90 14
Ass-b-Bsao-S50 98.7 450 99.7 240 0.65 120 14
Ass-b-Bo3o-S50 91.9 602 93.6 323 0.65 150 14
Aus-b-B130-S75 99.4 82 99.8 44 0.65 30 12
Asgb-B1so-S75 99.3 98 99.6 52 0.65 35 12
Augb-Baoo-S75 99.1 130 99.9 69 0.65 47 13
Aug-b-Bsp-S100 99.5 33 99.8 17 0.66 13 12
Aug-b-B75-S100 99.5 49 99.7 26 0.65 19 12
Aug-b-B10p-S100 99.8 66 99.7 35 0.66 24 12
Aug-b-B125-S100 99.5 81 99.6 43 0.66 30 12
Aug-b-B1s-S100 99.3 98 98.2 51 0.66 35 12
Aug-b-Bo-S100 99.8 132 99.8 69 0.66 48 13
Asg-b-B1so-S100 995 163 99.3 86 0.66 56 13
Asg-b-Bo-S100 99.7 194 99.9 102 0.66 62 13
Asg-b-Baoo-S100 99.6 262 99.6 138 0.66 79 13
Aug-b-Bgs-S125 99.6 56 99.9 29 0.65 21 12
Aug-b-B1oo-S125 99.7 65 99.8 34 0.66 23 12
Aug-b-B1ap-S125 99.1 84 98.9 44 0.66 30 12
Aug-b-Bono-S125 99.4 128 98.6 67 0.66 44 13
AwbBeSISO %93 3 w3 18 0es 13 12
Aug-b-Bes-S150 99.8 42 99.9 22 0.66 16 12
Aug-b-B7o-S150 99.2 45 99.1 24 0.65 17 12
Aug-b-Br5-S150 99.8 49 99.9 26 0.65 18 12
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Exp. NI.:2 (ﬁfgxaﬁim | DP (NIPAM)’ ggz‘ﬁ)rfioo/?] DP (tBAM)" NTSR?\/I [kgfr:jol] Mu/Mo®
Ass-b-Beo-S150 99.3 52 99.3 27 0.66 20 1.2
Ass-b-Bgs-S150 99.6 58 99.8 30 0.66 21 1.2
Ass-b-Bog-S150 99.3 59 99.6 31 0.65 23 1.2
Ass-b-Bos-S150 99.6 62 99.6 33 0.66 23 1.2
Aus-b-Biop-S150 99.5 65 98.3 34 0.66 24 1.2
Aus-b-B25-5150 99.8 82 99.0 43 0.66 29 1.2
Aus-b-By5p-S150 99.6 100 98.6 52 0.66 37 1.3
Aus-b-By75-5150 99.7 116 99.3 60 0.66 39 1.2
Aus-b-Bao-S150 99.7 130 98.9 68 0.66 43 1.2
Aug-b-Bas-S150 99.6 166 99.6 88 0.65 54 1.2
Asg-b-Baoo-S150 99.7 197 99.3 103 0.66 60 1.2
Aug-b-Bio-S150 99.4 263 98.9 136 0.66 74 1.2
Ass-b-Bso-5200 99.7 33 98.9 17 0.66 13 1.2
Ass-b-Bes-5200 99.6 41 99.2 21 0.66 15 1.2
Ass-b-Bro-5200 98.9 45 97.6 24 0.66 18 1.2
Ass-b-Brs-5200 99.9 49 98.5 25 0.66 19 1.2
Ass-b-Beo-5200 99.0 52 98.5 27 0.66 21 1.2
Ass-b-Bgs-5200 98.8 57 92.6 28 0.67 21 1.2
Ass-b-Bog-5200 99.8 59 99.8 31 0.66 22 1.2
Ass-b-Bos-5200 99.4 62 99.0 32 0.66 23 1.2
Aus-b-B10-S200 99.3 66 93.8 33 0.67 24 1.2
Aug-b-By25-5200 99.9 82 99.3 43 0.66 30 1.2
Aug-b-B15p-5200 99.8 99 99.5 52 0.65 34 1.2
Aug-b-B170-5200 99.5 114 96.3 58 0.66 39 1.2
Asg-b-Bao-5200 99.9 131 99.0 68 0.66 43 1.2
Aug-b-Bas-5200 99.9 162 99.1 85 0.66 51 1.2
Adg-b-Baoo-5200 99.5 196 95.3 99 0.66 60 1.2
Aus-b-Buio-S200 99.5 260 99.2 137 0.65 76 1.2
Aus-b-Bgo-S200° 98.3 258 99.4 137 0.65 68 13
Asg-b-Bs10-5200 99.5 335 99.3 172 0.66 93 1.2
Aug-b-Beo-5200 99.4 391 99.4 206 0.66 99 1.2
Asg-b-Beso-5200 99.1 451 99.3 239 0.65 110 1.2
Aus-b-B1o00 -5200 99.8 655 99.5 344 0.66 140 1.2

2 PDMAMag-b-P(NIPAM-st-tBAM) pp samples abbreviatedid\b-Bpr (DP gives the degree of
polymerization of the core forming block) synthesiat concentration given by the number
after S which gives the solid concentration dutimg synthesis in g/L. Throughout the

6
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manuscript, g/L is used for solid content per sotweithout regarding the volume change due
to the solid content. The samples used in the mainuscript are additionally labeled with
green background for LSC (low synthesis concemtnatand orange background for HSC
(high synthesis concentration).

b Samples synthesized inO.

¢ Conversion is determined Bii-NMR.

d Degree of polymerization is determinedbitNMR.

¢ Determined by DMF-GPC using PMMA standards.

Transmission Electron Microscopy (TEM).

Aggregate solutions were diluted at 20 °C to gewer@.1 % w/w dispersions.
Copper/palladium TEM grids (Agar Scientific, UK) mesurface-coated in-house to yield a
thin film of amorphous carbon. The grids were threated with a plasma glow discharge for
30 s to create a hydrophilic surface. Each aquddasck copolymer dispersion (0.1 % wi/w,
12ul) was placed onto a freshly treated grid for 1 rmnd then blotted with filter paper to
remove excess solution. To stain the depositedpatioles, a 0.75% w/w aqueous solution
of uranyl formate (QL; in some cases with uranyl acetate) was placadnicropipet on the
sample-loaded grid for 20 s and then carefullytbtbto remove excess stain. Each grid was
then carefully dried using a vacuum hose. Imagirg werformed either at 100 kV using a
Phillips CM100 instrument equipped with a Gatan C&D camera or with a 120 kV ZEISS
LibraTM 120 microscope.

Dynamic light scattering (DLS).

Aggregate solutions were diluted at 20 °C to geeeraD.1 % w/w dispersions. In some cases,
the measurements were performed with a Malvernsiaga Nano instrument at 173° and
20 °C. In other cases (where indicated), we usedlLAh5000 E autocorrelator equipped with

a red LaserX= 633 nm) at 20 °C at several angles from 20° {0 15he time-resolved signal
of two Single Photon Counting Modules (SPCM-CD2986rkin Elmer) was cross-correlated.

Rheology.

The storage modulus (Gand loss modulus (G") curves were determinedguai Malvern
Kinexus pro+ rheometer equipped with a Peltier ingatooling plate. A cone-and-plate
geometry (40 mm 1° aluminum cone) equipped witholvenit trap was used for the
measurements. For the temperature sweep, an adglamd a frequency sweep were
conducted at each temperature. Each temperaturegudtorated for at least 5 min.

Superresolution Fluorescence Microscopy.

A custom-built fluorescence microscopy setup walu$he beam of a 640 nm laser (Cobolt,
100 mW) was expanded using a parabolic mirror begpander (Thorlabs) and focused via a
mirror through a 500 mm plano convex lens onto llaek focal plane of an Olympus
UAPON 100X OTIRF objective of an Olympus IX 83 imge microscope. The mirror and
lens are mounted on a translation stage to shiftaber beam sideways to enable objective
based total internal reflection (TIR) illuminatiai the sample. The fluorescence light was
collected by the same objective and imaged ontehie of a high sensitive EMCCD camera
(Andor iXON Ultra 897).

In order to perform superresolution direct stodleasiptical reconstruction microscopy
(dSTORM) the structures were labeled with the procedureriesi above and few drops
of 500 mM MEA (3-mercaptoethylamine) were added as an appropric@R¥M buffer.

7
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The 640 nm laser was used with an irradiation intemg 4 kW cm! to generate movies of
blinking single molecules with 60,000 frames with mtegration time of 25 ms. The
superresolved dSTORM images were obtained aftdysinaf the movies with the ImageJ
plugin ThunderSTORM and the software ViSE. The image was created by generating a
Gaussian function for each localization using aa80FWHM. The grayscale of the Gaussian
function was scaled by the number of neighborimgliaations within a radius of 200 nm.

Cryo-FE-SEM.

All measurements were performed on samples witbrecentration of 50 g/L in #D. The
samples were first cooled below their transitiomperature and then heated to 25°C to form
a gel. These gels were loaded onto rivet samplgen®land frozen in liquid ethane for 5 min
and transferred into liquid nitrogen. Hydrogel a-@®ctions were cut inside the FE-SEM pre-
chamber and samples were visualized at 1kV and @jiA FE-SEM SU4800 (Hitachi Ltd.
Corporation) after 4 min sublimation at -80°C.

SANSSL

SANS experiments were performed on the instrumdrit & the Institut Laue-Langevin (ILL,
Grenoble, France). Measurements were performedrditha newly developed 5 kbar SANS
high-pressure cell available at ILL or in 2 mm dmacuvettes (for temperature dependent
measurements). To cover tggange of interest, 183 A < q < 2.210* A, we used a

4 =6 A andA1/1 = 9% and three sample to detector distances: 3 m, 40dr89 m. For the
guartz cuvette, the sample to detector distancds2ofm, 8 m and 39 m were used with the
samel, to cover aj-range between 183 Al <q<4.210* AL,

Measurements with different pressure steps werduntbter equilibrated. About 15 min were
needed to adapt the pressure for each pressureTstesample was equilibrated for 15 min,
when changing the temperature with the pressure Before the first measurement, the
sample was equilibrated for 20 min.

In the glass cuvette, the sample was equilibrateaif least 30 min after reaching the desired
temperature.

The samples measured with SANS were synthesizBdGnand measured at a concentration
of 50 g/L.

The SANS data was fitted with SasView 3.1.1. Thisrkvbenefited from the use of the
SasView application, originally developed under N&#ard DMR-0520547. All the models
are convoluted with the instrument resolution fipret®!

The SANS data was recorded at a concentration @fl50Due to the high concentration the
scattered intensity is the product of the formdacP@), and the structure factor, d( The
resulting structure factor for spherical partidesitted with a Hayter MSA structure factor
Hereby, a constant salt concentration of 0.001 lmatd a constant SLD of 6.38° A-2for
D20 is used. Also, the temperature is fixed to thasneement temperature and the dielectric
constant of the BD is fixed to the literature value at the accordiamperaturé! The models
used for the form factor are different, dependingttma structure exposed. In case of a core
shell fitting model we obtain a SLD for the shell5o810° + 0.310% A2 and for a SLD for
the core of 1.80%+ 0.510°A2. The error in the following Tables S2-S8 shows\thgation

of each parameter which will result in an increak&? of 5%.

Hayter MSA Structure Factor(7: °l,

This is an implementation of the Rescaled Mean BgdleApproximation which calculates
the structure factor (the Fourier transform of pla@ correlation functiomy(r)) for a system of
charged, spheroidal objects in a dielectric medihen combined with an appropriate form

8
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factor (such as sphere, core-shell, ellipsoid),eticis allows for inclusion of the interparticle
interference effects due to screened coulomb repulsetween charged patrticles.

Spherical Core-Shell ModelP-10!: Fits for spherical particles with a similar block length

of the soluble block and the core-forming block[PP = 50 andDP = 90).

For spherical particles, which are based on a petymith a similar block length of the
soluble block and the core-forming blockRK = 50 andDP = 90) we used a spherical
core/shell fitting modet? The results of the fits with a core-shell modekambination to
the Hayter MSA structure factor are summarizedablé& S2.

Table S2.Spherical core shell fitting parameter for parsaheade of DP50 and DP90

Charge [€] Radius [nm] Thickness [nm] Volume fraction Distribution Radius

Asg-b-BgLSC 4445 11.4+0.3 5.2+0.3 0.079+0.001 0.236+0.02
25°C

Aye-b-BgoLSC 25°CP 23+2 8.1+0.3 5.1+0.3 0.111+0.002 0.213+0.02

Asg-b-BgLSC 15°C 36+10 10.5+1 6.5+1 0.084+0.002 0.282+0.05
40 bar

Ase-b-BgoLSC 15°C 19+2 4.9+0.3 6.3+0.3 0.072+0.002 0.291+0.03
40 bar®

Asg-b-BsLSC 25°C 201 6.9+0.3 5.0+0.2 0.126+0.002 0.188+0.01

Age-b-BsLSC 25°CP 172 6.3+0.3 5.0+0.2 0.136+0.001 0.20+0.02

® measured after applied trigger

The 1D scattering intensity is calculated in théofwling way

seale| . sin{ g1 ) — g cos(gr, o sin gr_) —gr cos(gr
Plg) = W (p, —,o__j[ qr.) —4r. {'j]—ﬂ__u\p__—p__:,_.j[ gr.) —grcos(gr. )

V.| (a7.)’ (@n.)°

N

psolv

]I +bkg

wherescaleis a scale factols is the volume of the outer shells is the volume of the core,
rsis the radius of the core+shell,is the radius of the corejs the thickness of the shell£

I's- I'c), pc IS the scattering length density of the cokds the scattering length density of the
shell,psoivis the scattering length density of the solvend laky is the background level

Hard Sphere Model?-19: Fits for spherical particles, whose block lengthof the core
forming block is significantly longer than the solible block (DP = 400).

For spherical particles, whose block length of ¢bee forming block is significantly longer
than the soluble block (DP = 400; 8 times longeedorming block than soluble block), we
use a hard sphere mod@las the main contribution to the scattering comesmfthe core.

Further, we do not see an improvement of the fiemvlusing a core-shell model or fuzzy

9
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sphere model for these polymer€ does not improve significantly). The results of fhie
with a hard sphere model in combination to the ElaSA structure factor is summarized in
Table S3:

Table S3.Hard sphere fitting parameter for particles madB®B#00

Charge [e] Radius [nm] Volume fraction Distribution of Radius

Asg-b-BaooHSC 15°CP 55+10 9.0+0.1 0.014+0.002 0.35+0.03
Aso-b-BoLSC 15°CP 58+10 8.5+0.2 0.0096+0.002 0.3610.01
Ayg-b-BagoLSC 15°C 42410 7.620.2 0.011+0.002 0.37+0.02

40 bar®
Asg-b-B4oHSC 15°C 46110 8.1+0.1 0.013+0.003 0.32+0.03

40 bar®
Asg-b-BaooLSC 15°C 11124400 36.7+2 0.046+0.01 0.17+0.04

®measured after applied trigger

The 1D scattering intensity is calculated in théofelng way

A

_ scale [3V(Ap)(sin(gr) — qr cos(qr)) : l\ ' ,.1

I{q) = Tl PSE + bkg \‘\ P /
e S

where scale is a volume fractiovijs the volume of the scatterers the radius of the sphere,
bkgis the background level antb is the scattering contrast difference betweerstiaterer
and the solvent.

Vesicle Model{®-10 (Hollow Core-Shell Model) Fits for vesicles.

The vesicles obtained when polymerizing at highceottrations and high DP are fitted with a
vesicle form factor (hollow core shell). The fittipgrameters are summarized in Table S4:

Table S4.Vesicle model fitting parameter forué\b-BagodHSCbefore stimulus

. . Dispersity Dispersity
Radius [nm] Thickness [nm] Radius Thickness
Ausb-BaooHSC 110£20 28.742 0.440.3 0.3x0.02

25°C

The 1D scattering intensity is calculated in théofwlng way

P(g)

_ scale _31':':9'_ - 0,)J,(gR;) N 3500y — 0,501 (gR;) T '

10



WILEY-VCH

where scale is a scale factorndf is the volume of the sheN/; is the volume of the cor#&/),

is the total volumeR; is the radius of the cor®. is the outer radius of the sheil, is the
scattering contrast of the core and the solvert pson), p2 is the scattering contrast of the
shell,bkgis the background level, adg = (sinx- x cosx)/ ¥. The functional form is identical
to a “typical” core-shell structure, except that fvattering is normalized by the volume that
is contributing to the scattering, namely the voduof the shell alone. Also, the vesicle is best
defined in terms of a core radiusR® and a shell thicknesg= R>- Ry)

Cylindrical Model: P19 Fits for worm-like micelles.

When observing a* dependency at low, we fit the scattering data with a cylinder form
factor. This is the case forsé\b-B4od SC and diluted Ae-b-B4oodHSC at 25 °C after applying
the temperature trigger. In the observprhnge, we do not observe any structure factor for
this data. Due to the limited-range, the length is a pure approximation. Theo-8M
images and the point, that these gels cannot heedil indicate both a formation of an
interconnected network by this cylindrical motif. the observed-range there is no influence
on the scattering by this interconnection. Henbe, used cylindrical model is still valid for
the observedj-range. But one should keep in mind, that the olesktength is an artifact
caused by the limited-range and the model which is only appropriatetfis g-range. For
Ausg-b-Baoo we use a fit model without a shell as discussedhe spherical particle with 2P

of 400. The fit results are summarized in Table S5.

Table S5.Cylinder model fitting parameter for DP400 at 25fir temperature stimulus

Length [nm] Radius [nm] Dispersity Radius
Aso-b-BooLSC 25°CP 12145 8.410.2 0.20+0.02
Ago-b-BsooHSC 25°CP 11443 8.5+0.2 0.21+0.02

® measured after applied trigger

The output of the 1D scattering intensity functimn randomly oriented cylinders is then
given by

. scale F o . . ]
Plg)=— | f(g.c)sin o dor+ bkg

J(grsin o
Flg)=2(Ap)V sinl gLcoser /! 2) (gLl cosex 3);“{—)

|
k3

grsin &)

anda is the angle between the axis of the cylinder tedy-vector,V is the volume of the
cylinder,L is the length of the cylinder,is the radius of the cylinder, anig is the scattering
contrast difference between the scatterer anddlverst. J: is the first order Bessel function.

11
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Combination of Cylindrical and Hard Sphere Model:®-10 Fits for mixture of worm-like
micelles and spherical micellesP = 400).

After applying the pressure trigger tag%-B4odSC and diluted Ae-b-B4ocHSC followed by
heating to 25 °C, we observe at loya dependency betweef andg?®. We assume that due
to a shorter waiting time after the pressure trigtfgere is still a certain number of spheres
present. Not all spherical particles had enougle timaggregate to the cylindrical particles.
To account for this effect, we used a combinatiba spherical and a cylindrical form factor.
The used parameter resembles the ones shown ie $8thnd S5 varying only the scattering
contribution of hard spheres and cylinders to ob#ai idea about the contribution of spheres
and cylinder to the overall scattering. The fitgraeters for the combination of a hard sphere
and a cylindrical model are summarized in Table S6

Table S6.Combination of hard sphere and cylindrical modginiy parameters for DP400
after pressure trigger and short equilibration €25

Scale Cyl Fraction Sph
A“g'b'B“;‘;j(S:bC 40 bar 0.1151+0.01 0.02246+0.007
Aae-b-Baool SC 40 bar 0.063+0.006 0.0110.004

25°C?

®measured after applied trigger

Cylindrical Core-Shell Model:®! Fits for worm-like micelles with similar block length of
the soluble block and the core-forming block (DP 90).

The sample A¢-b-BooHSC is the only exception, where the synthesis masdone in RO.
For this sample, we diluted the wormlike micellasDxO to 5g/L. Again, we need to use a
cylindrical core/shell modéF for these worms, as the core forming block is sighificant
larger than the soluble block. The worm-like miesllare too long to show a Guinier regime
at the observed-range. The obtained value for the length of theetfes is therefore only a
rough approximation. The error on the fit regardihg length of the worm-like structures is
caused by the limiteg-range. The fit parameters are summarized in Table

Table S7.Cylinder core/shell model fitting parameter for DPEBCC5

Length Thickness

[m] Radius [nm] [m] Dispersity Radius

Ase-b-BgoHSC

25°C 900+300? 7.4+0.5 5.0+1 0.16+0.03

aThe huge error indicates that the obsergednge at lowq is not sufficient to reliably
measure the lenth of the worm-like micelles.

The output of the 1D scattering intensity functimn randomly oriented cylinders is then
given by

. scale # . ) . ;
Plg) = = | F{g.a)sin o dox + bicg

where

12
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J1[gr sin o]

£(@) = 2(p. — p.)Ve sinlqL cos a/2] /lgL cos a/2) 7 "= —n

Jilg(r + t) sin &]
[g(r + t) sin «]

+2(p. — P Ve sin[g(L + 2t) cos a/2]/ [g(L + 2t) cos a/2]

Ve / P .

/ = L N\

/ Ve 7 7 I\

i 7 ARV B

[ /AT A U

I i il

i - i1 =

i Fe [ i

(RN (WA ;o

— 2 .( } \‘\ \‘\ \'\ \‘\ /’l /I
V.=mn(R+t)*-(L+2t N — —

. S >~ "1 " Fsolv

anda is the angle between the axis of the cylinder #wedy-vector, Vs is the volume of the
outer shell (i.e. the total volume, including thieek), V¢ is the volume of the coré, is the
length of the core, is the radius of the corejs the thickness of the shell, is the scattering
length density of the corgs is the scattering length density of the shely is the scattering
length density of the solvent, ab#lgis the background level. The outer radius of tinelds
given byr+t and the total length of the outer shell is givgrLb2t. J:is the first order Bessel
function.

Gaussian Chain Model!®- 12 Fits for dispersed polymer chains.

The dissolved particles are assumed to form frdgnper chains. Therefore, the scattering
data for 5 °C or at high pressure are fitted witlGaussian chain model with a fixed
polydispersity Kw/Mn) of the chains of 1.2. The results are summaiizéichble S8.

Table S8.Gaussian chain model parameter

Ry [nm]
Aue-b-BaoL SC 5°C 4.6+0.2
Aue-b-BsoL SC 5°C 6.240.5
Aue-b-BagoL SC 5°C? 4.440.4
Aus-b-BagoHSC 5°C 3.140.3
Aus-b-BaoL SC 15°C
800 bar 6.5¢0.3
Aus-b-BaooL SC 15°C
800 bar 8.1+0.4
Aue-b-BaggHSC 15°C 6.5:0.2

800 bar

2low g can be fitted with hard spheres and a radius afr87
The scattering intensityq) is calculated as

CNA+ T Y +x-1]

Ig) = scale — +bkg
(1+ L7 )x"

()

wherescaleis a scale factor, the dimensionless chain dinoensi
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R;g:
xX=
1+2U
Ry is the radius of gyration and the polydisperssty i
M.
U=—-1.
M,

Post mortem morphologies and “phase diagram”.

It has previously been shown that the evolutionnadrphology during RAFT aqueous
dispersion polymerization is dependent on both riecro-CTA length and the overall
reaction concentratid¥. In all cases, once the hydrophobic block reachestiaal length,
primary micelles are formed. The monomer will theartition into the cores, where the
polymerization continues. As the chains grow, thare two possible scenarios: (1) At a
sufficiently high concentration, inter-particle isions between spheres will result in the
formation of wormlike particles and subsequentlgigies, which can be facilitated by a core-
plasticizing effect of free monomer in high concatbn. (2) At low concentrations with a
long macro-CTA, the micelles will continue to growithout any evolution in morphology
due to the steric repulsion preventing inter-patmollisions required to form worms. These
‘kinetically trapped’ micelles can also be desadilas ‘crew-cut’ micelles.

As a result, all polymer samples exist as spheresme point during the polymerization,
irrespective of the final morphology. In order tmderstand the possible morphologies
achievable using a PDMAM a “phase diagram” was mapped out based on thphuolargy
observed via post mortem TEM studies conductechersamples (see Figure S4). It is clear
from the images that spheres, worms and vesickesaldraccessible by the same chemical
pathway.

For such asymmetric amphiphiles, the post mortdstodk copolymer morphology (obtained
at nearly full monomer conversion) has a pronouncedcentration dependence. Hence,
higher order morphologies (i.e., worms or vesickzs) be readily accessed when conducting
syntheses at150 g/L solids.

In contrast, spherical micelles can be found ftbrcampositions at lower solid
concentrations, e.g. 50 g/L. This concentrationedelency was also found for other PISA
systems and is probably due to certain kineticidwd 3 In addition to the effect of
concentration (as observed for different mesophagesarious concentrations for low
molecular weight surfactant8! it is also likely that the high amounts of solub®nomer
can have a strong influence due to preferred pariitg and a subsequent plasticizing effect
on the insoluble polymer in the particle coresighimonomer concentration. Please note, the
polymerization is conducted at temperatures abbeentelting point of NIPAM monomer
(63 °C). Hence, this plasticizing effect facilitatidne rearrangement in the insoluble PNIPAM-
based domains, which are required to reach theillilequm structures. In contrast, such a
monomer concentration threshold is attained eartiethe polymerization for the dilute
samples: the insoluble/non-plasticized (glassyg-d¢orming component is unable to undergo
the structural rearrangements required to performoaphology transition to higher order
structures. These arguments could contribute texipganation, as it is known that PNIPAM
vitrifies (becomes glassy) above a certain tempesatabove the LCST) due to continuing
exclusion of plasticizing waté¥)! This (partial) glass-formation could freeze theisture of
the developing crew-cut micelles, which are oftegarded as non-equilibrium structulés.
Finally, the percentage of charged carboxy grodgmsn(the CTA) during dilute synthesis
(conducted in pure non-buffered water) is expedtede higher compared to the one at
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elevated concentrations. This additionally helpstwease the spatial demands of the water-
soluble block and thereby helps to preserve theersgl shape at low synthesis
concentrations.

The role of tBAM in this process is twofold: it necks the transition temperature for the
copolymer, and it facilitates vitrification of thiesoluble domain by an enhanced exclusion of
plasticizing water. That means, the structuresegsily frozen upon increasing temperature
by tBAM-assisted widening of the temperature regforeghe glassy state.

All these factors probably contribute to the diegtpreparation of non-equilibrium micellar
systems.
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Figures S1-S13
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Figure S1.Transition temperature depending on the molao @tNIPAM in water. The
content of tBAM in a NIPAM chain has a nearly linedfect on the phase separation
temperaturé-’! The transition temperature is determined at tHedtion point of the
temperature-dependent intensity of scattered ligleasured at 173°. In order to ensure that
the core-forming block is collapsed at room tempeeabut still shows an observable
temperature dependency, a tBAM content of 35 maol¥espect to NIPAM content was
chosen for all other samples.
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Figure S2.Conversion of the RAFT copolymerization of NIPAM4bk) and tBAM (red) at
70 °C in water with an increased macro-CTA to atdr ratio of 10:1 (mol/mol) to reduce the
reaction speed. The NIPAM conversion is marked Witttk squares and the tBAM
conversion with red dots. The conversion of thiyperization step was followed by NMR.
The conversion is nearly the same for both monomedstherefore we assume a statistical
block with a slight gradient. This particular polgrnization for kinetic studies was purposely
slowed down by reducing the initiator ratio to 1tb(e able to follow this reaction. The
other polymerizations are at high conversions wiB80 min but the polymerization is carried
out for 2 h to decrease the effect of unconvertedomers.
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A 1 x~ 1000 400 100 50
. M, [kg/moll ~ 135 756 241125
] PDI~ 121 1.22 1.221.18
200 g/Ls
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Run Time [sec]

B 1 x~ 1000 400 100 50
7 Mw[kg/m0q~ 149 73.1 23.713.4
1 PDI~ 1.42 1.36 1.29 1.17
50 g/L 1

700 800 900 1000
Run Time [sec]

Figure S3.DMF gel permeations chromatograms of exemplary PDM#Ab-P(NIPAM-st-
tBAM) pp diblock copolymers synthesized at 70 °C in aquesmhstion with A) 200 g/L solids
and B) 50 g/L solids. Degree of polymerizationtd tore-forming block (as calculated ¥
NMR) is displayed above the elugrams in the acogydblor, the PDMAMy macro-CTA is
shown in purple. The GPC traces show still low antewf macro CTA in the block
copolymer samples. For a fixed degree of polym&angDP) of the stabilizer (DMAM)
block, systematic variation of the tardg2® of the core-forming (NIPAMst-tBAM) block
leads to a monotonic increase in the GPC moleeugght of the diblock copolymer, as
expected. Moreover, essentially the same molegwaght distribution is obtained for a given
targeted diblock composition, regardless of whetherfinal diblock copolymer morphology
is spheres, worms, or vesicles (or a mixed phaiihg this technique, we are able to
synthesize copolymers with a long p(NIPAS¥tBAM) block containing ~1000 repeating
units and still achieve a narrow weight distribution
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Figure S4. “phase diagram” of PDMAN-b-P(NIPAM-sttBAM) pp reflecting the micellar
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morphologies as obtained directly after an aqu&AIST dispersion polymerization at
different solid concentrations ranging from 50 ¢#Ll200 g/L: S = spherical micelles; W =
worm like micelles; V = vesicles. Including TEM iges of representative PDMAb-
P(NIPAM-sttBAM) pp nanoparticles obtained with increasing fibd? of the core-forming

P(NIPAM-sttBAM) op block.
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Figure S5.DLS data at 25 °C on reversible and irreversibleesp to sphere transition. A)
CONTIN analyses of the autocorrelation shown initiet (recorded at 95°) of 4&-b-BsoLSC
before cooling (grey line) and after cooling (bldicie). Differences in the width can be
accounted to the slightly higher noise in the aomagation function. B) Decay rate of the'2
order cumulant fit againsf of Asg-b-BsoLSC leading to a hydrodynamic radius of 8.5 + 0.1
nm before cooling (grey symbols and light greyifie) and to a hydrodynamic radius of 8.4
+ 0.1 nm after cooling (black symbols and dark dgielne). C) CONTIN analyses of the
autocorrelation shown in the inlet (recorded af) @5 °A49-b-BooLSC before cooling (grey
line) and after cooling (black line). D) Decay rafethe 29 order cumulant fit againsg of
A49-b-BooLSC leading to a hydrodynamic radius of 13.2 +rth2before cooling (grey
symbols and light grey fit line) and to a hydrodymaradius of 9.3 £ 0.2 nm after cooling
(black symbols and dark grey fit line).
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Figure S6.The temperature dependency is tested #ABsoHSC which forms a strong
freestanding gel at room temperature. Variatio@igreen symbols) and G" (orange symbol).
A) frequency sweeps conducted at a strain of 0.:m&w24.°C before cooling and heating
cycle (hollow squares) and after cooling and heatiycle (filled squares). The storage
modulus exceeds the loss modulus over all meadreggdencies showing that the sample
behaves like a gel. The storage modulus is atéhiperature at ~ 6000 Pa and the loss
modulus is nearly one magnitude lower at about 8128 The rheological properties are
fully restored after cooling and heating cycle.
B) frequency sweep at a strain of 0.5 % and 1 t€r aboling.
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Figure S7.Concentration dependency of the reversible wokma-thicelles (As-b-BooHSC).
Frequency sweeps conducted at a strain of 1 % (aH¢R detection) at 21°C for all
measurements: G' (green) and G" (orange). Sarapadiluted (where necessary) and loaded
at 1°C and then heated to 21°C and equilibrated3anin. A) sample concentrated with 200
g/L (concentration of synthesis; G'>G"). B) samgmacentrated with 150 g/L (G>G").
C) sample concentrated with 125 g/L (crossover'dr@ G") When the sample is diluted
from 200 g/L to 150 g/L one can see a drastic geg®f G' and G" of about an order of
magnitude while G’ still exceeds the G" over adlasured frequencies. The behavior changes
drastically, when the sample is diluted to 125 gfbr this sample, G' exceeds G" only at high
frequencies. At low frequencies G" exceeds G' hacample reacts like a liquid. The
crossover is at ~ 4 rad/s. This drastic changeatds that there are no entangled wormlike
micelles in the sample.

[Pa]

G,
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1 10
Angular Frequency [rad/S]
Figure S8.Frequency sweep to demonstrate the reversiblé@elaf Ase-b-Bgo at solid
concentrations of 200 g/L.4&b-BgoLSC (crew cut micelles after polymerization) waseize
dried and dissolved at low temperature at a conggoh of 200 g/L leading to a similar
concentration as for &-b-BgoHSC. Frequency sweeps conducted at a strain of {&fte&s
LEVR detection) at 21°C for all measurements: Ge€gi) and G" (orange). Upon heating the
concentrated A-b-BooLSC formed a gel with rheological properties simtiaAsg-b-BogHSC.
The differences in the properties probably origesah slight differences in the actual
polymer and in differences in the polymer conceitra(the solid concentration ofséb-
BooHSC might be slightly higher due to evaporationimypurging with N before the
synthesis).
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Figure S9.Frequency sweeps showing the transition from cretivesicular micelles to
dispersed chains to small spheres (colloidal gelydrm-like micelles. Frequency sweeps are
conducted at a strain of 0.5 % (after LVER detentet different temperatures: at 25°C
before cooling hollow squares, 15°C before coohat-filled squares, 1°C stars, 15°C after
cooling half-filled circles, 25°C after coolingléd circles for all measurements: G' (green
symbols) and G" (orange symbol). A)oAd-B4od SC crew cut micelles before application of
trigger B) Aug-b-B4ooHSC vesicles diluted to LSC before applicationrigfger. The crew-
cut/vesicular micelles show the behavior of a vidastic liquid at all temperatures before the
transition temperature (25°C and 15°C; with a aaees of G’ and G” at ~12 rad/s foréb-
B40oLSC and ~3 rad/s for dilutedséb-B4odHSC). Below the transition temperature to a
viscoelastic (1°C; with a shifted crossover of GdaG” at ~30 rad/s for A-b-BsodSC and
~20 rad/s for diluted A-b-B4ocHSC) to a colloidal gel, where G’ exceeds G” dt al
investigated frequencies at 15°C and finally torderconnected gel, where G’ exceeds G” at
all investigated frequencies at 25°C. The tempeeadependent measurement at 1 Hz, is
shown in the main article (Figure 2E foof-BodSC and Figure 21 for diluted 4-b-

B40oLSC) and for two cycles in Figure S10.
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Figure S10.Temperature dependent elastic (G’ green) and vis(@Uorange) moduli
recorded at 1 Hz during two temperature cyclesdglosymbols cooling, solid symbols
heating). The corresponding temperature is showim red symbols. The second temperature
cycle shows that the worm - dispersed polymer chammorm transition is reversible. A)
crew-cut micelles Ap-b-B4ooLSC B) diluted Ag-b-B4odHSC vesicles.
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Figure S11.Left: cryo-SEM of Awe-b-Baoo-LSC after applied temperature trigger; Right:
Superresolution Fluoresence Microscopy image obthimder dSTORM conditions. The
porous structure seen in cryo-SEM is also obseirvélae superresolved fluorescence
microscopy imagem situ. The more pronounced pore structure in the crybt$&age might
be explained by a partial collapse and bundlinthefinterconnected micellar structure during
sublimation of water in the cryo-SEM.
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Figure S12.Hydrostatic pressure at a constant temperatut®d® as stimulus for
demicellization and as trigger for irreversiblausture changes: A) SANS measurements of
small crew cut micelle A-b-BooLSC. B) SANS measurements of large crew cut micklle
b-B4ocL,SC. C) SANS measurements of vesicles dilutegdlAB4ocHSC. SANS data at
different pressures (and temperatures) before gfuibols) and after pressure trigger (hollow
symbols). Ambient pressure red, 100 bar brown,Z00dark yellow, 300 bar orange,400 bar,
magenta, 500 bar purple, 800 bar blue (1000 bakfeb-B4odl SC), 1200 bar dark blue. All
measurements at 50 g/L.
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Figure S13. Cryo -SEM |mage obtamed.for thQ;QAb-B4ooLSC gel (upper pcture) and for the
As9-b-B4ocLSC gel (lower picture) when returned to 25 °C rafitee pressure trigger.
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