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The self-assembly of block copolymers enables the formation of diverse nanostructures, among which
polymeric vesicles (polymersomes) are particularly significant. Poly(ethylene glycol)-block-polystyrene
(PEG-PS) copolymers are known to self-assemble into polymersomes that can further undergo a shape
transformation into bowl-shaped stomatocytes, a morphology that has been extensively studied. In this
work, we investigated the incorporation of 4-vinylpyridine (4VP) into the hydrophobic domain of PEG-PS
copolymers to introduce membrane functionality and broaden stomatocyte applications. We systemati-
cally examined the influence of 4VP content and polymer architecture on stomatocyte formation. The
stomatocyte morphology was characterized qualitatively by electron microscopy and quantitatively by
asymmetric flow field-flow fractionation (AF4) coupled with multi-angle light scattering (MALS) and quasi-
elastic light scattering (QELS) detectors (AF4-MALS-QELS) using the shape factor (Rg/Rp). Our findings
reveal that the presence of 4VP significantly affected stomatocyte formation, leading to reduced stomato-
cyte populations compared to that with the PEG-PS system. This required thorough optimization of both
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the polymer composition and shape transformation conditions to achieve optimal stomatocyte formation,
demonstrating that even subtle variations in the hydrophobic domain can profoundly influence the result-
ing morphology. The presence of 4VP in the stomatocytes brought additional functionality and made it

rsc.li/polymers possible to coordinate copper, which was shown to be effective in the model CuAAC reaction.
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1. Introduction

Block copolymers have been the focus of extensive research
over the past decades because of their remarkable versatility
and applicability as building blocks for a wide variety of self-
assembled materials.'” Their ability to undergo phase separ-
ation - either in bulk or in selective solvents — results in the
formation of ordered nanostructures with diverse mor-
phologies, such as spheres, tubes, lamellae, and vesicles.*™®
These assemblies can be used as stabilizers in emulsion
polymerization,”® lubricant additives,” and carriers in drug
and gene delivery systems. %"
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In recent decades, the factors contributing to the self-
assembly of block copolymers have been extensively
studied.>"'® For diblock copolymers composed of monomers
A and B, the interactions between A-A, B-B and A-B play a sig-
nificant role in their phase separation and consequent self-
assembly.® The ratio between the hydrophilic and hydrophobic
fractions and their chemical nature are important parameters
that directly impact the resulting morphologies,"> and
additionally the polymer concentration influences aggregation
behaviour." In solution, the self-assembly of block copolymers
is furthermore dependent on the interactions between the
polymer building blocks and the solvent."*"®'® The assembly
method also plays an important role in determining what type
of particles can be obtained.>”

By changing the conditions, diverse morphologies are
attained through block copolymer self-assembly. One interest-
ing structure is the polymeric vesicle, often termed a polymer-
some; it stands out due to its unique structural features and
robust properties. Comprising a bilayered hydrophobic mem-
brane surrounding an aqueous lumen, polymersomes exhibit
greater stability and mechanical strength compared to their
lipid-based counterparts.*® In addition, spherical polymer-
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somes, the thermodynamically stable topology, are prone to
shape transformation into a range of kinetically trapped struc-
tures, amongst which are the bowl-shaped morphologies
named stomatocytes. Besides traditional functionalisation
strategies used for polymersomes, such as the surface display
of active components,**** stomatocytes offer additional oppor-
tunities via the extra internal cavity directly connected to the
outside environment via a “neck” region. This enables the
encapsulation of inorganic nanoparticles such as manganese
dioxide®* and cerium oxide,”® enzymes such as urease,”® cata-
lase?® or even multiple enzymes,?”*® clearly demonstrating the
stomatocytes’ application potential.

Unlike the modification of the surface and the inner cavity,
the chemical versatility of the stomatocyte membrane has
been less explored. This is also less trivial, as the polymersome
shape change process can be very sensitive to chemical adjust-
ments of the building blocks. Even the introduction of an
azide moiety at the end of the poly(ethylene glycol) (PEG)
block changed the hydrodynamic volume of the hydrophilic
part to such an extent that hexagonally packed hollow hoops
were formed rather than stomatocytes under standard dialysis
conditions.* Inspired by the recent literature based on poly
(ethylene glycol)-block-polystyrene (PEG-PS)
stomatocytes,>>?%272973% this paper focuses on membrane
modification by incorporating 4-vinyl pyridine (4VP) into the
stomatocyte bilayer. This is motivated by the fact that 4VP
introduces additional functionality, such as the ability to
chelate metal catalysts including copper,*® palladium®” and
gold®® and to operate as a polymer-supported catalyst.*®> For
this specific reason, 4VP has already been incorporated into
block copolymers and supramolecular  systems.**™**
Furthermore, 4VP incorporation introduces pH responsiveness
into block copolymers*® and can also be used to facilitate the
formation of polymer-inorganic hybrid materials.*®*”

To further expand the versatility of the stomatocyte plat-
form, we aimed to introduce the chemical functionality
directly into the vesicle membrane by incorporating 4-vinylpyr-
idine (4VP) into the hydrophobic block. The pyridine moiety
brings unique coordination ability and environmental respon-

Table 1 Chemical composition of the synthesized block copolymers

View Article Online

Polymer Chemistry

siveness, enabling interactions with a broad range of metal
ions and pH-dependent changes in polymer behaviour. Such
features are highly attractive for developing catalytic, sensing,
or stimuli-responsive stomatocyte systems. However, even
subtle changes in the hydrophobic block of PEG-PS copoly-
mers are known to strongly affect self-assembly and shape
transformation. Therefore, understanding how 4VP content
and placement influence polymersome formation and stoma-
tocyte yield is essential for leveraging this functional monomer
without compromising morphological control. This prompted
us to construct PEG-b-P(S-co-4VP) copolymers and to study
their assembly and shape change into stomatocytes. This work
systematically investigates these effects, providing the mechan-
istic insight needed to design functionalized stomatocytes
with enhanced capabilities.

2. Results and discussion
2.1 Block copolymer design

To explore the impact of 4-vinylpyridine (4VP) incorporation
on both the self-assembly and shape transformation of poly
(ethylene glycol)-block-polystyrene (PEG-PS) block copolymers,
we synthesized a series of amphiphilic block copolymers in
which the molar fraction of 4VP and its position in the hydro-
phobic block were varied using reversible addition-fragmenta-
tion chain-transfer (RAFT) polymerization. This method
enabled precise control over the polymerization process, result-
ing in polymers with low dispersity (P ~ 1.1) (Table 1 and
Fig. S1-S7). We first designed a series of block copolymers in
which the hydrophobic block consisted of a statistical copoly-
mer of styrene and 4-vinylpyridine (4VP), with the molar ratio
of 4VP systematically varied. To confirm that the hydrophobic
block was indeed a statistical copolymer, we first determined
the monomer reactivity ratios (r,yp for 4VP and rs, for styrene)
and used these to determine the intramolecular composition
drift during the polymerization.*® Low-conversion (<10%)
copolymerizations with initial monomer mixtures containing
different mole fractions of 4VP (fiyp = 0.1, 0.2, 0.3, 0.5, 0.7, 0.8

M, “ (kg mol™) pP DP-St* DP-4VP* Savp Vg

P1: A-(B-C)/0.06 20 1.09 160 10 0.06 0.26
PEG-b-P(S160-c0-4VP10)

P2: A-(B-C)/0.11 21 1.07 155 20 0.11 0.25
PEG-b-P(S155-c0-4VP20)

P3: A-(B-C)/0.14 26 1.11 190 30 0.14 0.20
PEG-b-P(S190-c0-4VP30)

P4: A-B-C/0.06 19 1.09 150 10 0.06 0.28
PEG-b-PS150-5-P4VP10

P5: A-C-B/0.09 20 1.10 150 15 0.09 0.27

PEG-b-P4VP15-h-PS150

“ Number-average molecular weight and degree of polymerization were calculated from 'H-NMR measurements. ” Polydispersity measured by gel
permeation chromatography (GPC). fivp = the mole fraction of 4VP within the hydrophobic block, calculated from '"H-NMR measurements. f* =
hydrophilic-to-hydrophobic mole ratio. Polymers are denoted as A-(B-C)/x (where A = PEG, B = PS, C = P4VP, and x represents the mole fraction

of 4VP within the hydrophobic block).
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and 0.9) were carried out, and the (~instantaneous) copolymer
compositions were determined by proton NMR spectroscopy
(Fig. S8 and S9). Reactivity ratios of r4yp = 0.5 and rg, = 1.2 were
estimated from these data using the Fineman-Ross and
Kelen-Tiidos procedures (Fig. S10) and subsequently used to
determine the intramolecular composition drift (Fig. S11). For
both the polymers with the lowest (fiyp = 0.06) and highest
(fave = 0.14) amounts of 4VP, we observed a relatively constant
instantaneous copolymer composition up to high conversion
(which is indicative of a completely statistical incorporation of
the comonomers), with a final small drift that indicated that
the terminal parts of the chains are short 4VP segments.
Hence, it is safe to conclude that RAFT polymerization of
styrene and 4VP under our polymerization conditions leads to
statistical copolymer compositions and not to blocky or (real)
gradient copolymers.

We subsequently synthesized three statistical amphiphilic
block copolymers using a poly(ethylene glycol) (PEG)-based
macro-RAFT agent with different 4VP molar ratios by simul-
taneously adding styrene and 4VP at the start of the polymeriz-
ation (Scheme 1). These polymers, denoted as A-(B-C)/x
(where A = PEG, B = PS, C = P4VP, and x represents the mole
fraction of 4VP within the hydrophobic block), are detailed in
Table 1. To further investigate the effect of block arrangement,
we synthesized two additional tri-block copolymers with dis-
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tinct architectures: A-B-C (PEG-b-PS-b-P4VP) and A-C-B (PEG-
b-PAVP-b-PS). For the A-B-C copolymer, styrene was polymer-
ized first, followed by 4VP after complete styrene polymeriz-
ation. Conversely, for the A-C-B copolymer, 4VP was polymer-
ized first, followed by styrene (Table 1).

2.2 Morphological properties of polymeric vesicles

Spherical polymeric vesicles were prepared using the solvent-
switch method. In this approach, the polymer was first dis-
solved in a good solvent for both blocks, followed by the
addition of a non-solvent for the hydrophobic block to induce
self-assembly. We used a tetrahydrofuran (THF)-dioxane
mixture as the good solvent and added water to trigger self-
assembly. Thereafter, the organic solvent was removed via
dialysis (against either 10 mM or 20 mM NacCl solution), indu-
cing shape transformation of the formed polymersomes.
Dynamic light scattering (DLS) and electron microscopy (EM)
measurements were performed to characterize the hydrodyn-
amic size and topology, respectively, of the polymeric vesicles.
Moreover, we employed asymmetric flow field-flow fraction-
ation (AF4) coupled with multi-angle light scattering (MALS)
and quasi-elastic light scattering (QELS) detectors to quantitat-
ively analyse the results of the shape transformation processes.
This setup allows simultaneous measurement of both the
radius of gyration (Ry) and the hydrodynamic radius (Rp). The

P1: PEG 1-b-P(S 15,-C04VP, )
P2: PEG 1-b-P(S 155-c0-4VP)
P3: PEG 1-b-P(S 19,-C04VPs)
P4: PEG 44-b-PS 150-b-PAVP,,
P5: PEG 44-b-P4VP15-b-PS 5

A: PEG B: PS

pm—————————————————

C: P4avP

]
\

b) Self-assembly and shape transformation
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g

==
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Scheme 1
and shape transformation process.
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ratio of Ry to Ry, known as the shape factor (p), provides valu-
able information about particle morphology. It is known that
empty spheres have a p of 1, whereas filled spheres (hard
spheres) have a p of 0.77.*° Indeed, the spherical polymer-
somes showed a shape factor close to 1,*> matching our expec-
tations. Based on prior work on PEG-PS copolymer assemblies,
it was shown that stomatocytes have a p between 0.8 and 0.9.””
To this end, we set a shape factor threshold of 0.91 to dis-
tinguish stomatocytes from other morphologies, such as
spheres, prolates or discs, all of which have a p of 1 or
higher.*®*® With this methodology, we first quantitatively ana-
lysed the shape transformation of PEG44-b-PS;gs polymer-
somes, which produced 77%, 74% and 82% stomatocytes
upon dialysis against 10 mM, 20 mM, and 35 mM NaCl,
respectively (Fig. S12), confirming the reliability of our
approach. This 4VP-free control confirms that the dialysis con-
ditions do not significantly affect the stomatocyte population.
We subsequently investigated the effect of random incor-
poration of different mole fractions of 4VP (i.e., 0.06, 0.11 and
0.14, P1-P3 respectively). All three polymers successfully self-
assembled into vesicular structures, as observed by scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM) (Fig. S13-S16). When dialyzed against a
10 mM Nacl solution, polymers P1-P3 yielded mixed popu-
lations of spherical vesicles and stomatocytes (Fig. S13-S16) as
observed by both SEM and TEM. Complementary AF4-QELS
and DLS analyses further indicated that P1 and P2 generated

P1: A-(B-C) / 0.06

PEG4-b-P(S5,-c0-4VP,)

P2: A-(B-C) / 0.11

PEG4-b-P(S55-c0-4VP5)

Polym. Chem.

, 4VP amount
Fig. 1 The effect of 4VP content in statistical block copolymers on polymersome formation and shape transformation upon dialysis against 20 mM
NaCl. (a) SEM and (b) TEM images of the samples. (c) Distribution analysis of polymeric vesicles calculated from AF4 data, displaying the percentage

of stomatocytes. (d) Dynamic light scattering size—intensity comparison, displaying hydrodynamic diameter and PDI. EM scale bar = 500 nm, inset
scale bar = 200 nm.
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smaller structures compared to P3 (Fig. S17), consistent with
the microscopy observations. AF4-MALS-QELS shape-factor
analysis also revealed a minor population of stomatocytes in
P2 (4%, Fig. S13c), which was even lower compared to the
populations obtained from P1 (18%) and P3 (27%) (Fig. S13c).
In all three cases, the amount of stomatocytes formed was sig-
nificantly lower compared to the regular PEG-PS samples (i.e.,
the control polymer without 4VP), indicating that minimal
incorporation of 4VP negatively impacts the efficiency of shape
transformation into stomatocytes.

As dialysis against higher salt concentrations is known to
facilitate shape transformation to stomatocytes, we employed
20 mM NaCl during dialysis. Indeed, we noticed a stronger
tendency for stomatocyte structures to form, as shown in SEM
and TEM images (Fig. 1a, b and Fig. S14-16). This trend was
especially clear in polymers with higher 4VP content (P2 and
P3) in which the stomatocyte populations increased to 36%
and 52%, respectively. These findings suggest that although
4VP incorporation influences shape transformation, appropri-
ate adjustment of dialysis conditions can yield samples
enriched in stomatocytes. Consistent with the 10 mM dialysis
results, DLS and AF4-QELS analyses indicated that P1 and P2
formed structures of comparable size (~200 nm), whereas
P3 generated slightly larger assemblies with an average dia-
meter of ~280 nm (Fig. 1d and Fig. 517).

To investigate how the polymer architecture influences self-
assembly, we compared the self-assembly of polymers P1 (A-
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(B-C)/0.06), P4 (A-B-C/0.06), and P5 (A-C-B/0.09), each with
similar hydrophilic-to-hydrophobic ratios (f = 0.26-0.28) and
polystyrene (PS) mole fractions (fps = 0.72-0.75). After self-
assembly, the organic solvent was removed via dialysis against
10 mM or 20 mM NacCl aqueous solutions, with representative
electron microscopy images presented in Fig. S18 and S19. All
samples had an average hydrodynamic size of approximately
200 nm, as measured by DLS and AF4-QELS (Fig. S20). TEM
images and AF4-MALS-QELS analysis of samples prepared with
10 mM dialysis (Fig. 2a and b) revealed that polymer P4 (A-B-
C/0.06), with 4VP at the chain end, produced a notably higher
number of stomatocytes (43%), suggesting that shape trans-
formation is less hindered in this polymer configuration. In
contrast, when 4VP was in the middle (P5: A-C-B/0.09), fewer
stomatocyte structures were formed (12%). For all three poly-
mers, dialysis at 20 mM NaCl resulted in a clear increase in
polymersome stomatocyte content (Fig. 2¢ and d; 45%, 53%
and 55% for P1, P4 and P5, respectively), consistent with our
findings for the statistical copolymer samples. Moreover,
samples obtained by dialysis against 20 mM NacCl exhibited
more uniform neck sizes -the openings connecting the inner
lumen to the external environment - as observed in the inset
images of Fig. 1b and 2c. However, sample heterogeneity
limited the ability to draw definitive conclusions regarding
neck dimensions. AF4-MALS-QELS analysis further revealed
that the increase in stomatocyte formation was less pro-
nounced for the A-B-C (PEG-b-PS-b-P4VP) system, suggesting
that when 4VP is positioned at the chain terminus, its assem-
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bly more closely resembles that of PEG-PS-based stomatocytes,
where stomatocyte formation is less sensitive to dialysis salt
concentration (Fig. 512).

To assess whether the placement of 4VP within the hydro-
phobic block influences self-assembly, we prepared both stat-
istical and block-like architectures while also varying the 4VP
content. No significant differences in assembly or shape trans-
formation were observed between these architectures. This
outcome is likely explained by the dominant influence of the
polystyrene domain: the amorphous, chain-stiffening nature of
the PS block, combined with its substantially higher degree of
polymerization relative to 4VP. In contrast, PAVP contributes
only a small fraction of the hydrophobic mass and remains
partially masked within the PS-rich matrix.

Since the increase in salt concentration in the dialysis
medium led to a higher population of stomatocytes, we
studied this effect in more detail using samples made of
polymer P1 by dialyzing them against Milli-Q water (no salt)
and 10 mM, 15 mM, 20 mM, 35 mM and 50 mM NacCl solu-
tions. Under all conditions, polymeric vesicles were effectively
formed (Fig. 3 and Fig. S21). DLS measurements revealed that
vesicles dialyzed against Milli-Q water exhibited slightly larger
hydrodynamic sizes (238 nm) compared to those dialyzed
against NaCl solutions (<200 nm) (Fig. 3a and b). This is
expected due to the osmotic pressure induced by salt, which
causes vesicle volume reduction and consequent shape trans-
formations. Indeed, a further increase in salt concentration
led to a significant increase in the stomatocyte population, up

P1: A-(B-C) / 0.06 P4: A-B-C /0.06 P5: A-C-B /0.09 b
G e e e 1 oo
PEG4-b-P(S¢,-c0-4VP,) PEG,4-b-PS 5,-b-P4VP,, PEG4-b-P4VP5-b-PS 5, %
e 6} E® Y %
alf Se= Reo) o s
Vo &, 60+
8 6 ) g
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Q. 2o
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d ’p>0.91
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T
9 7
Q
=)
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Y 201 449 52.8 g
0
P1 P4 P5

Polymers (20 mM NaCl)

Fig. 2 The effect of block arrangement on polymersome formation and shape transformation. (a) TEM images of the samples dialyzed against
10 mM NaCl and (c) TEM images of the samples dialyzed against 20 mM NaCl. (b and d) Distribution analysis of polymeric vesicles calculated from
AF4 data, displaying the percentage of stomatocytes. EM scale bar = 500 nm, inset scale bar = 200 nm.
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to 55% in 35 mM NaCl (Fig. 3c). We systematically examined
the salt-dependent self-assembly and shape transformation of
the PEG-PS-P4VP copolymers across a wide range of NaCl con-
centrations to further elucidate the contribution of the P4VP
block. These experiments revealed that the presence of 4VP
enhances the sensitivity of the vesicle-to-stomatocyte transition
to ionic strength, in contrast to the more salt-robust behaviour
of PEG-PS. Because this trend directly reflects how the
additional block modulates membrane flexibility and solvent
outflow during dialysis, we have emphasized its importance
for understanding the functional influence of the P4VP
segment.

Dialysis at a higher salt concentration (50 mM NacCl)
yielded a reduced proportion of stomatocytes (30%, Fig. 3c),
underscoring the critical influence of ionic strength on the
morphology of PEG-PS-P4VP copolymers. At moderate NaCl
levels, stomatocyte formation is favoured; however, beyond a
threshold, control over shape transformation diminishes. This
can be explained by the intricate interplay between shape
change and particle vitrification. During self-assembly, the
final solution contains ~50% organic solvent (THF-dioxane)
after water addition, at which stage the amphiphilic polymer
chains remain flexible. Subsequent dialysis removes the

Polym. Chem.

organic solvent trapped within the vesicles. Because the
solvent outflow is not fully compensated by water influx,
osmotic pressure develops, driving the vesicle-to-stomatocyte
transformation. The rate of solvent removal, and thus the
extent of shape change, is strongly modulated by the dialysis
salt concentration. Once the organic solvent is expelled, the
hydrophobic domains vitrify, locking in the resulting mor-
phology. At elevated NaCl concentrations, the balance between
osmotic pressure and solvent outflow is affected, and the
shape transformation is quenched before complete stomato-
cyte formation. In the PEG-PS-P4VP system, 50 mM NacCl there-
fore proved too high, reducing the stomatocyte population. In
contrast, vesicles formed from PEG,4-b-PSigs were compara-
tively insensitive to salt concentration; stomatocyte yields
reached 74% at 20 mM NaCl and 82% at 35 mM, notably
higher than the 55% stomatocytes observed for PEG-PS-PAVP
(A-B-C/0.06) at 35 mM NacCl (Fig. 3c and Fig. S13).

The addition of the 4VP thus affects shape transformation,
which can be modulated by optimizing dialysis conditions. To
evaluate whether 4VP incorporation also introduces pH
responsiveness at the morphological level, we varied the pH
values of the sample solutions and observed no significant
changes in size or morphology for any of the polymers, includ-

This journal is © The Royal Society of Chemistry 2026


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5py01163a

Open Access Article. Published on 13 February 2026. Downloaded on 3/9/2026 8:47:14 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Polymer Chemistry

ing those containing 10 or 30 4VP units as well as the control
without 4VP (Fig. S22). Within the investigated pH window
(2-12), the control polymer PEG,4-b-PS;gs exhibited a nearly
constant average hydrodynamic diameter of ~300 nm. In the
same range, polymer P3, containing 30 units of 4VP (fyyp =
0.14; the highest 4VP fraction among the synthesized poly-
mers), showed only minor variations in average hydrodynamic
diameter (245-284 nm), which were not statistically signifi-
cant. Likewise, vesicles prepared from P1 (statistical) and P4
(block), each containing 10 units of 4VP, exhibited essentially
unchanged average hydrodynamic diameters of ~170-183 nm
across pH 2-12 as well as the other polymers P2 (169-178 nm)
and P5 (198-224 nm). Furthermore, TEM analysis confirmed
that stomatocyte structures formed from PEG,4-b-P(S;90-cO-
4VP;,) remained intact at pH 2, pH 4.5, pH 6.9, and pH 12,
indicating that the stomatocyte morphology is preserved
across the tested pH range (Fig. S23). This insensitivity to pH
is likely explained by the rigidity of the polystyrene domain,
which restricts the extent to which the pH-responsive pyridine
units can affect the overall morphology.
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A wide variety of nanoreactors, defined as confined nano-
scale reaction spaces, have been developed for diverse appli-
cations, where they offer protection of reactive species, spatial
confinement, and enhanced selectivity/sensitivity.”'
Polymeric vesicles are particularly attractive nanoreactor plat-
forms because they provide well-defined, hydrophobic com-
partments within aqueous media, enabling efficient reactions in
a segregated environment.”**> Since 4VP is well known for its
ability to coordinate metal ions, we demonstrate the potential of
our new amphiphilic copolymer PEG-PS-P4VP as a versatile
building block for metal-binding polymersome-based nanoreac-
tors. First, we coordinated Cu() ions to the P4VP-containing sto-
matocytes and confirmed that the resulting Cu-loaded nanoreac-
tors catalyze a model CuAAC reaction (Fig. 4), yielding a clear
increase in fluorescence intensity compared to controls (i.e., the
free stomatocyte control (referred to as F-Sto; no copper treat-
ment) and the reactants-only mixture (no vesicles)) (Fig. 4f).
Importantly, TEM analysis showed that copper coordination did
not alter the stomatocyte morphology, confirming that the
functionalization is compatible with the structural integrity of the

CuSO,, L-
ascorbic acid

—

37°C,25h

4VP-block
copolymer
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(a) Schematic representation of copper nanoreactor preparation. (b) TEM image, (c) HAADF image and (d) TEM-EDX analysis of the stomatocytes

after copper loading. (e) The CuAAC reaction between azido-coumarin and propargyl alcohol leads to a final product that is highly fluorescent. (f)
Fluorescence intensity profile over 40 minutes of reaction time. Data are represented as mean + SD n = 3 technical replicates. TEM scale bar = 100 nm.
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assemblies (Fig. 4b), and copper was detected mostly on the
membrane (Fig. 4d), where 4VP is present.

3. Conclusions

The self-assembly of PEG,,-b-P(S,,,-co-4VP,) block copolymers
and their subsequent shape change in stomatocytes were
studied, and the effect of 4VP addition to the amphiphilic
polymer was systematically investigated (i) by varying the 4VP
content, (ii) by changing the randomness of the block copoly-
mers and (iii) by changing the dialysis conditions. It is worth
noting that the addition of the third monomer even in small
portions compared to polystyrene affects the self-assembly and
shape transformation. With this work, we provide an insight
into supramolecular architectures and how to achieve greater
control over stomatocyte structures using a functional
polymer. We found that the insertion of 4-vinylpyridine into
PEG-PS copolymers represents a hurdle during shape trans-
formation. This can be overcome by higher concentrations of
NaCl solutions in dialysis, especially when 4VP is used in
higher contents and/or is placed in between the PEG and PS
blocks. In our system, the polystyrene segment is substantially
longer than the P4VP block and therefore dominates the
packing of the hydrophobic domain during self-assembly. As a
result, the membrane organization is effectively PS-driven,
with the shorter PAVP segment contributing less to the struc-
tural arrangement and thus being unlikely to generate chemi-
cal asymmetry within the bilayer. Consistent with this
interpretation, we observed no measurable differences in size,
zeta potential, or morphology between statistical and block-
like architectures. Upon optimization of the dialysis con-
ditions, also for the 4VP containing polymersomes, the stoma-
tocyte morphology can be effectively formed, which opens
opportunities for the introduction of chemical functionality
into the polymer membrane with this interesting morphology.
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