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Fig. S1: The pentablock quintopolymer; PS-block-PI-block-PDMS-block-PtBMA-block-P2VP. The respective (rounded) degrees
of polymerization are shown in subscripts.

The synthesis of pentablock quintopolymer, polystyrene -block-poly(1,4-isoprene) -block-poly(dimethyl siloxane) -block-
poly(tert-butyl methacrylate) -block-poly(2-vinyl pyridine), i.e., PS-b-PI-b-PDMS-b-PtBMA-b-P2VP) (see Fig. S1), with respec-
tive block lengths of 32.4, 13.1, 24.7, 50 and 41.7 kg/mol, using polymerization high vacuum techniques is reported in [1].
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Table S1: Physical properties for the polymer blocks.

Block Mw,block Mw,repeat unit DP ρa ρc VBlock ϕfrac. Tg Refs.

[kg/mol] [g/mol] [g/cm3] [g/cm3] [cm3/mol] [%] [◦C]
PS 32.40 104 311 1.05 1.10 30 857 20 100 [2, p. 922].[3, p. 443]
PI 13.10 68 192 0.93 14 086 9 −58 [3, p. 208. 444].[4]
PDMS 24.70 74 333 0.97 1.07 23 084 15 −123 [3, p. 451].[2, p. 932-33]
PtBMA 50.00 142 352 1.02 48 924 32 114 [2, p. 926]
P2VP 41.70 105 397 1.14 36 579 24 104 [5]

2 Solubility and miscibility of polymer blocks
Quantitative evaluation of solubility of each polymer block can aid the determination of the composition of polymersomes.
Unfortunately a theory that would accurately predict the solubility of arbitrary polymer in arbitrary solvent does not exist.
We use the Hansen [2, p. 206] solubility parameter

δ2 = δ2
d + δ2

p + δ2
h .

which works moderately well in many cases, and is more accurate than the Hildebrand solubility approach. The δd, δp and
δh are the dispersive, polar and hydrogen bonding solubility parameters respectively. The solubility of a polymer P in an
organic solvent S can then be estimated based on solubility parameter difference

∆δ =
[
(δd,P − δd,S)

2 + (δp,P − δp,S)
2 + (δh,P − δh,S)

2
] 1

2 . (1)

For good solubility ∆δ should be ≤ 5 (MJ/m3)3/2 [2, p. 219]. In Table S2 these differences are calculated for a selection of
solvents.

Table S2: The Hansen solubility parameter difference between polymer blocks and solvents. The difference is computed based
on averaged literature values. According to the theory, the smaller the difference, the more miscible the components are. The
theory has its shortcomings as it for instance predicts the solubility of P2VP in acetone, when situation is empirically known
to be the opposite [6–8].

∆δ [(MJ/m3)3/2] PS PI PDMS PtBMA P2VP µ(∆δ) ∑ ∆δ

PS 0.0 6.0 8.5 4.2 4.4 4.6 23.1
PI 6.0 0.0 3.9 6.4 3.8 4.0 20.2
PDMS 8.5 3.9 0.0 7.3 7.6 5.5 27.4
PtBMA 4.2 6.4 7.3 0.0 6.7 4.9 24.6
P2VP 4.4 3.8 7.6 6.7 0.0 4.5 22.5
Acetone 5.3 9.1 10.6 3.3 8.2 7.3 36.5
Chloroform 5.1 3.7 3.7 4.7 5.9 4.6 23.1
DCM 2.9 5.4 6.6 1.8 5.6 4.5 22.3
DMF 9.2 14.2 15.2 8.2 13.2 12.0 59.9
DMSO 10.3 15.9 17.4 10.2 14.1 13.6 67.9
Methanol 18.8 22.4 21.4 16.5 22.8 20.4 101.9
Ethanol 15.4 18.4 17.2 12.9 19.2 16.6 83.2
1-Propanol 13.4 15.8 14.4 10.7 17.0 14.3 71.3
2-Propanol 12.5 14.7 13.1 9.8 16.0 13.2 66.2
THF 4.4 6.6 6.8 2.8 7.4 5.6 28.0
Toluene 7.0 1.8 3.7 7.8 4.9 5.0 25.1
Water 38.5 43.2 43.1 36.8 42.4 40.8 204.0

1–⁇ | 2



3 Methods

3.1 Sample preparation
Samples were prepared by dissolving PS-b-PI-b-PDMS-b-PtBMA-b-P2VP in acetone to obtain 1.0 % (w/w) solutions and left
to mix overnight at 40 ◦C.

3.2 Transmission electron microscopy (TEM)
Transmission electron microscopy (TEM) imaging was carried out using a Jeol JEM 3200FSC field emission microscope
operated at 300 kV in bright field mode with an Omega-type Zero-loss energy filter. The images were acquired with an
Ultrascan™ 4000 CCD camera (Gatan) and with Gatan1. DigitalMicrograph™ software while the specimen temperature
was maintained at −187 ◦C. Additional TEM micrographs were images using 300 kV Fei Titan Krios in KAUST microscopy
facilities.

Dry TEM samples were prepared by depositing 2–3 µl of sample solutions on holey carbon grids and then removing
the excess with filter paper. For image alignment purposes, the TEM grids were dipped in 11-mercapto-1-undecanol ligand
coated gold nanoparticle d =3–10 nm solution before sample deposition [9]. OsO4, I2, CH3I, and RuO4 staining agents were
introduced to the samples through vapour exposure. Typical staining times used were 120 min, 20 min, 20 min and 3 min
respectively. Vitrified samples were prepared using Fei Vitrobot by placing 3–4 µl of sample solution on holey carbon
grids under 5 and 100 % humidity, blotted with filter paper ca. 0.5–1.5 s for acetone and aqueous samples respectively and
immediately plunged to −170 ◦C ethane/propane mixture and cryotransferred to the microscope.

3.3 Polymer phase identification using TEM
The assignment of block copolymeric microdomains in TEM micrographs is occasionally done by comparing the electron
densities (=ρmass· ne/M) [10]. One could then expect P2VP to appear as the darkest microphase in comparison to PS, PtBMA,
PI since ρe,P2VP = 0.607 > ρe,PS = 0.565 > ρe,PtBMA = 0.561 > ρe,PI = 0.519. However, PDMS involves a subtlety, as it is
usually assigned as the darkest phase in block copolymer systems without staining, although it has relatively low electron
density (ρe,PDMS = 0.523), [11] despite the presence of heavier silicon atoms. However, the relative highly brightness of
polysilicates cannot be accounted by the mere presence of silicon e.g., poly(trimethyl silyl styrene) as convincingly shown by
elemental mapping in TEM, to appear brighter than P2VP [5].

These apparent inconsistences have to do with the fact that, unlike X-rays, the contrast mechanism in TEM is mainly
dependent on the scattering properties of atoms rather than mere electron densities [12], and thefore realiable interpretation
of experimental results requires more subtle methods.

3.4 TEM simulations
To quantitatively estimate the image properties of the different polymer blocks to aid the interpretation of TEM images and
tomographic reconstructions, we used multislice method for TEM simulations of amorphous specimens.

In the multislice method the specimen, described by the interaction potential2. V int(x), x = [x, y, z], is divided to thin
slices of thickness ∆z ≈ 1 [12, Ch. 6.7]. The transmitted wave, at the top, xn+1 = [x, y, n∆z], of n + 1:th slice, is then given
by

Ψ(xn+1) = F−1
{[

e−iπλ∆z(q2
x+q2

y)
]
F

[
eiσ

∫ z+∆z
z V int(x)dzΨ(xn)

]}
The propagation of electrons through the whole specimen can then be modelled as consecutive transmission through each
slice until the electron wave exits the specimen (Ψ(xexit)). The exit wave is then convoluted by microscope optics (contrast
transfer function) and the detector (quantum efficiency, modular transfer function, readout noise, dark current etc..). [13, 14]

3.4.1 Molecular model preparation

In order the carry out the multislice simulations, we used molecular dynamics (MD) simulations to prepare input files for the
TEMsim software [12]. The program packagemoltemplate, [15] was used to generate input files for the LAMMPSMD software
[16]. Each polymer block was separately investigated by using corresponding homopolymer chains in a periodic boundary

1. DigitalMicrograph version 1.83.842.
2. which does not only depend on electron density ρe , but also on atomic number Z among other things.
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conditions. At the first step only soft potentials and bonded interactions

E = A
[

1 + cos
(

πr
rc

)]
+ ∑

bonds
Kr(r − r0)

2, r > rc

were included to allow chainsmove through each other for fast chain entanglement, while simulation boxwas slowly squeezed
from a initial density 0.1 g/cm3 to a final volume of 4.49× 4.49× (5· 4.49) nm3. The number of chains and repeat units, 30–
65 and 55–65 respectively, were selected in order to match the final volumes with bulk densities (cf. Table S1) of the respective
homopolymers. The consecutive and energy minimization and NVT simulations were carried out using the OPLS-AA force
field[17] at 300 K using Nosé-Hoover thermostat. The OPLS-AA force field parameters were consulted from literature [18–
23]. All the output files from homopolymer MD simulations where concatenated to one input file for the TEM simulations to
ensure consistent intensity scaling for all blocks.

A snapshot from MD and TEM simulations is shown in Fig. S2. It is remarkable that there is no discernible contrast be-
tween the different blocks in TEM. Even silicon rich PDMS, perhaps due to its relatively low bulk density, is indistinguishable
from the rest of blocks. Therefore we conclude that very little can said about the system from unstained TEM measurements.

3.5 Electron tomography data acquirement and analysis
Electron tomographic tilt series were acquired with the SerialEm-software3. package [24]. Samples were tilted between
±69◦ angles with 2–3◦ increment step depending on the beam sensitivity of the sample. Alignment of tilt image series
was done with Imod software package [25]. Initially we used maximum entropy (MEM) reconstruction scheme using Mem-
program on a Linux cluster with regularization parameter δ value 5.0 × 10−2 [26]. Later, we implemented a Total Variation
(TV) reconstruction scheme for improved resolution according to Jensen et al[27], and Astra toolbox [28, 29] was used for
construction the projection and backprojection operators. For isosurface rendering, reconstructed volumes were segmented
using trainable Weka segmentation [30].

3. SerialEm version 3.2.2
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Fig. S2: a) Molecular dynamic simulations of different blocks in cuboid volumes and b) simulated TEM images using the
multislice method. The simulations indicate that without staining there is no discernible difference in contrast between the
blocks in TEM.
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4 Results

4.1 Cryovitrification
In order to exclude drying artifacts, reference TEM micrographs were collected from cryovitrified samples S3

150 nm

a)

150 nm

b)

250 nm

c)

Fig. S3: Vitrified polymersomes. a) One suspended by vitrified acetone. b) One partly embedded in a vitrified film, c) and
one resting on carbon film. The polymersomes attract a small vitrified region of acetone, which is seen as a gradient around
the polymersomes
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4.2 Stained samples
4.2.1 Iodine staining

100 nm

a)

150 nm

b)

200 nm

c)

Fig. S4: The polymersomes are deformed after I2 staining. This deformation appears to facilitate cavity formation (white
spots) inside the polymersomes.
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4.2.2 OsO4 staining

150 nm

a)

150 nm

b)

150 nm

c)

150 nm

d)

150 nm

e)

Fig. S5: Week old samples drop casted on carbon film and stainedwith OsO4. The stained PI seems tomicrophase separate into
rings inside the polymersomes. The small black dots (d ∼ 10 nm) are fiducial gold markers used for tomographic purposes.

4.2.3 RuO4 staining

150 nm

a)

100 nm

b)

100 nm

c)

Fig. S6: Fresh samples show concentric rings inside polymersomes after drying and RuO4 staining for 5 min.
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4.3 Electron tomography
For quantitative assessment on microphase separated structures, we calculated radial distribution functions, that is, the ob-
served intensity (transmission) as function of distance from center of core-shell subunits, from several (MEM) reconstructions
for each stained sample.
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Fig. S7: RDFs of subregions of evaporated acetone samples with different staining. Grey, shaded area depicts the 95 %
point-wise trust regions. Images on the right show snapshots of subunits from ET reconstruction
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4.4 Dynamic light scattering
The dynamic light scattering (DLS) measurements were conducted using a Brookhaven Instruments Co. goniometer Bic-
200SM, a Bic-TurboCorr digital pseudo-cross-correlator and a Bic-CrossCorr detector combining two Bic-DS1 detectors.
Pseudo-cross-correlation functions of the scattered light intensity were collected with the self-beating method [31]. A Sap-
phire 488 − 100 Cdrh laser from Coherent GmbH operating at λ0 = 488 nm and power adjusted in the range from 10 and
60 mW was used as a light source. The measurements were performed in cylindrical glass sample cells 11 mm in diameter.
The temperature of the samples was controlled by means of a Lauda RC 6C thermostat. All the LS studies were performed at
20 ◦C. Refractive index values nPS = 1.5729 and nAcetone = 1.359 were used for particles and solvent in DLS data analysis
respectively

To avoid multiple scattering in DLS, the standard 1 % (w/w) solutions were diluted by a factor of × 80 by dissolving
1.97 mg of the block copolymer to 16 mL acetone (⇒ c = 0.12 g/l ⇔ 0.012 % (w/w)) that had been filtered through
superpure™ PTFE-0.22 µm filter. The sample solution was mixed with an IKA® shaker and was then left to equilibrate for
24 h.

To clean samples from dust contaminants while avoiding filtering larger block copolymer particles, the sample solution
was centrifuged for 15 min at 8000 rpm to sediment the dust. The sample solvent was then transferred to a DLS sample cell,
which had been cleaned with methanol that was filtered through Millex®-HV hydrophilic PVDF filter.

4.4.1 DLS results

DLS is standard method for evaluating particle size distribution of dilute colloid samples. Most reliable results are obtained
when one is characterizing amonodisperse ormonomodal samples. However it is possible to obtainmissleadinglymonomodal
or otherwise inaccurate size distribution reconstructions in DLS from samples that are multimodal if necessary care is not
taken. To avoid such caveats, we checked the DLS results for our system against 14 detection angles; 30, 35, 40, 45, 50, 60,
70, 80, 90, 110, 120, 135, 140 and 150 since it is know that for multimodal samples DLS results are angle dependent.[32–35]
Unfortunately the available DLS setup does not allow multiangle analysis and therefore only separate estimates are given.

The average diameter of the particles was evaluated using the cumulant method [36]. Evidently, the diameter is highly
angle dependent, ranging between 150 nm–260 nm (see Table S3), which is typical for polydisperse samples. Contin analysis
shows (see Fig. S8) angle dependence to some degree , and the particle size distribution is estimated to be between 100 nm–
300 nm. Since the sample is obviously polydisperse and in the other hand extensive multiangle dynamic light scattering
analysis is beyond the scope of this article, we take the DLS results to be tentative only as they roughly agree on the size
range of the polymersomes observed in TEM.

Table S3: Average hydrodynamic diameters based on cumulant analysis for the particles at c = 0.12 g/l at 20 ◦C at different
detection angles.

θ [◦] dH [nm]
30 258.7
35 254.3
40 253.1
45 199.4
50 188.6
60 168.1
70 160.3
80 150.0
90 140.9
110 134.1
120 135.3
135 135.3
140 138.7
150 146.3
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Fig. S8: Estimated particle size distribution of PS-b-PI-b-PDMS-b-PtBMA-b-P2VP in acetone (c = 0.12 g/l, 20 ◦C) using
Contin analysis. The coarseness of plots is due to the fact that the Contin method automatically reduces the resolution to
obtain better fits.
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