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preparation of micelles remains of high 
interest in biomedicine, e.g., as drug 
delivery systems.[2] One approach toward 
achieving controlled drug delivery is the 
design of so-called stimuli-responsive mate-
rials, which by definition are capable of 
undergoing conformational and/or chem-
ical changes upon an external (tempera-
ture, magnetic fields, or light) or an internal 
(pH and redox) trigger.[3] BCPs with 
stimuli-responsive functionalities, which 
can be triggered via pH or temperature, 
have received significant attention in this 
regard.[4] Photoresponsive polymers have 
also been comprehensively investigated in 
recent years,[5] since the first examples of 
irreversible (i.e., photocleavage) and revers-
ible (trans–cis photoisomerization) photo
triggered processes were reported in the 
mid-2000s.[6] Light as an external stimulus 

offers numerous advantages over other triggers; for instance, it 
provides both spatial and temporal control. In 2017, we intro-
duced a novel light-responsive polymer via the incorporation of 
an extensively investigated excited-state photoacid, 1-naphthol,[7] 
into an amphiphilic terpolymer.[8] Exited-state photoacids are gen-
erally aromatic molecules with a protolytic group (hydroxyl func-
tions), are usually weak acids,[9] and have been known since the 
seminal work by Förster and Weller in the 1960s.[10] Absorption 
of light is accompanied by a strong increase in acidity, which is 
associated with an exited-state acidity constant (pKa

*) significantly 
lower compared to the electronic ground state (pKa). Particularly 
in aqueous media, a local change in pH is anticipated. More 
precisely, a transfer of protons from the photoacid to the solvent 
occurs, and this phenomenon is known as exited-state proton 
transfer (ESPT).[11] Very recently, we tested different 1-naphthol 
derived comonomers, and studied the effect of the linker between 
the chromophore and polymer backbone on the photostability 
and photoactivity of the respective water soluble copolymers.[12] 
Among others, one particular photoacidic comonomer, i.e., 
5-vinyl-1-naphthol (VN), directly connected to the polymer back-
bone showed excellent photostability, and the desired photoacidic 
properties (ΔpKa ≈ 8.6, pKa

* ≈ 0.8). It should also be noted here, 
that when confined within micelles, the acidity of photoacidic 
moieties is typically lower than that in solution.[13,14] However, the 
monomer yielding the promising photoacidic properties suffered 
from poor polymerizability due to steric hindrance, and potential 
incompatibility with the methacrylate-based comonomers used 
in that study.

The synthesis of a photoresponsive amphiphilic diblock quarterpolymer con-
taining 5-vinyl-1-naphthol (VN) as a photostable photoacidic comonomer is 
presented. The preparation is realized via a sequential reversible addition fragmen-
tation chain transfer (RAFT) polymerization starting from a nona(ethylene glycol) 
methyl ether methacrylate (MEO9MA/“O”) hydrophilic block, which is then used 
as a macro-RAFT agent in the terpolymerization of styrene (S), 2-vinylpyridine 
(2VP), and TBS-protected VN (tVN). The terpolymerization proceeds in a con-
trolled fashion and two diblock quarterpolymers, P(Om)-b-P(Sx-co-2VPy-co-VNz), 
with varying functional comonomer compositions are prepared. These diblock 
quarterpolymers form spherical core-corona micelles in aqueous media according 
to dynamic light scattering (DLS) and cryogenic transmission electron microscopy 
(cryo-TEM). Upon irradiation, the photoacids within the micellar core experience 
a drastic increase in acidity causing a proton transfer from the photoacid to neigh-
boring 2VP units. As a result, the hydrophilic/hydrophobic balance of the entire 
assembly is shifted, and the encapsulated cargo is released.

Microphase separation of amphiphilic block copolymers (BCPs) 
under bulk conditions and in selective solvents is a remark-
able phenomenon that has been extensively studied owing to 
the broad variety of nanostructures formed.[1] In particular, the 
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We therefore altered our approach to access such VN-con-
taining copolymers: we used a styrenic backbone, incorporating 
the photoacidic comonomer (VN) in an amphiphilic segment 
containing 2-vinylpyridine (2VP), a polybase, and styrene (S). In 
this way, light irradiation is anticipated to trigger an ESPT from 
the photoacid to the neighboring 2VP units. In turn, the 2VP 
units become protonated upon the ESPT and shift the overall 
hydrophilic/hydrophobic balance of the P(Sx-co-2VPy-co-VNz) 
terpolymer. The terpolymerization was conducted using the 
TBS-protected photoacidic comonomer, i.e., tVN, to prevent 
side reactions during the polymerization process, and which 
consequently requires subsequent deprotection. Based on pre-
vious results regarding well-defined P(S-co-2VP) copolymers via 
reversible addition fragmentation chain transfer (RAFT) poly
merization, a dithiobenzoate-based RAFT agent, CPADB, was 
chosen.[15] In addition to that RAFT agent we included 4-cyano-
4-[[(dodecylthio)carbonothioyl]thio]pentanoic acid (CEPTA), 
a trithiocarbonate, which generally affords better control over 
styrenic-based monomers compared to CPADB (Figure 1C).[16]

Furthermore, CEPTA is compatible with methacrylates as 
well, which is particularly interesting in terms of introducing a 
second hydrophilic block for the formation of block copolymer 
micelles. The terpolymerization of tVN, 2VP and S was studied 
using a feed ratio of [monomer]:[CTA]:[I] = 125:1:0.25, with 
a [S]:[2VP]:[tVN] ratio of 0.6:0.2:0.2. As often reported for the 
radical polymerization of styrenes, bulk conditions and high 
temperatures were applied (90 °C, AIBN as thermal initiator). 
As seen from Figure  1B, an increasing Mn with overall 
monomer conversion in accordance to theory was found, indi-
cating the terpolymerization proceeds in a controlled manner 
independent of the RAFT agent used, CEPTA or CPADB. How-
ever, slightly higher molecular weights are observed for the ter-

polymerization using CPADB with corresponding dispersities 
>1.2. Representative size exclusion chromatography (SEC) 
traces after 5 h are shown in Figure 1C, and reveal slight tailing 
when CPADB is used as the RAFT agent. This tailing implies 
chain termination is more pronounced when CPADB is used in 
contrast to CEPTA, which is characterized by more symmetrical 
molecular weight distributions and lower dispersities (≤1.2). 
The terpolymerization using CEPTA was therefore investigated 
in more detail, and the semilogarithmic plot of the respective 
comonomers is shown in Figure  2A, which display similar 
slopes over the course of the polymerization. This is a good indi-
cation that the monomers are consumed at comparable rates.

From the similar slopes observed in Figure 2A, it is reason-
able to assume that each comonomer is consumed at compa-
rable rates over the course of the polymerization, and therefore 
it is quite likely that the comonomers are more or less arranged 
randomly along the terpolymer chain. The higher conversions 
of 2VP compared to tVN and S are in agreement with reported 
reactivity ratios for radical copolymerizations of 2VP with 
S.[17] Consequently, there is a slight preference to incorporate 
2VP, which we have also observed previously in our group.[15] 
To further evaluate this assumption, the copolymerization of 
S and 2VP (1:1 ratio) or S and tVN (1:1 ratio) was examined 
(Figure  2B). 2VP reacts more rapidly than S when copoly
merized; whereas tVN and S are consumed at similar, but at 
significantly lower rates when copolymerized compared to S 
and 2VP. The lower overall monomer conversions observed in 
this case may result from the sterically more demanding tVN, 
leading to retardation of the overall copolymerization.

Regardless of these findings, terpolymers of 2VP, tVN, and 
S of well-defined molecular weight and low dispersities are 
easily accessible. This is apparent through the almost linear 
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Figure 1.  A) Synthetic route used to access TBS-protected amphiphilic terpolymers, P(Sx-co-2VPy-co-tVNz), via RAFT polymerization (AIBN, bulk, 90 °C) 
using either CEPTA or CPADB as the CTA. B) The corresponding Mn versus overall monomer conversion plot and C) SEC traces after 5 h.
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semi-logarithmic plot observed within the first 3  h of copoly
merization (Figure  2A), and the increasing Mn with overall 
monomer conversion in accordance to theory (Figure  1B). 
With these agreeable findings, we went on to synthesize block 
copolymers capable of micellization in aqueous media with a 
hydrophobic P(Sx-co-2VPy-co-VNz) terpolymer block. As a hydro-
philic segment, we focused on nona(ethylene glycol) methyl 
ether methacrylate (MEO9MA or “O”), which is a poly(ethylene 
glycol) (PEG)-based building block that is readily water sol-
uble, and which can be easily polymerized via controlled rad-
ical polymerization techniques.[18] Moreover, the synthesis of 
block copolymers of MEO9MA and styrene by RAFT has been 
reported using a RAFT agent similar to CEPTA.[19] Analogous 
to this, the synthesis of such block copolymers was realized by 
considering the monomer reactivity (methacrylate > styrene) 
starting from a PMEO9MA homopolymer, denoted P(O)n, 
which was applied as a macro-RAFT agent. In contrast to the 
terpolymerizations using CEPTA or CPADB as RAFT agent, 
very low conversions (<5 %) were observed for the block exten-
sions, which is, however, to be expected and has been reported 
similarly for a less sterically demanding block extension using 
only styrene.[20] After using this sequential RAFT approach, a 
subsequent deprotection step of the TBS-protected photoacidic 
comonomer, tVN, was carried out to yield photoactive diblock 
quarterpolymers P(Om)-b-P(Sx-co-2VPy-co-VNz) (Figure 3A).

Since the terpolymerization of S, 2VP, and tVN was well-
controlled, we performed a block extension from the P(O)n 
macro-RAFT agent under the same reaction conditions. The 
macro-RAFT agent was characterized by a molecular weight of 
18 kg mol−1 according to SEC analysis, and a calculated degree 
of polymerization (DPn) of 45 from the monomer conversion 
determined using 1H-NMR spectroscopy. This corresponds to 
a molar mass of 23 kg mol−1. Since preliminary test reactions 
for the block extension of P(O)n revealed very low conversions, 
an excess of monomer was used in the initial feed such that 
the [monomer]:[macro-RAFT agent]:[I] = 500:1:0.25. The respec-
tive comonomer ratios were maintained, i.e., [S]:[2VP]:[tVN]  = 
0.6:0.2:0.2. After 5  h, the polymerization was terminated, and 
the protected diblock quarterpolymer, P(Om)-b-P(Sx-co-2VPy-
co-tVNz) (indices depict the respective mol fraction in % as 
calculated from NMR spectroscopy), was separated from unre-
acted monomer via preparative size exclusion chromatography 

(Biobeads S-X1) using THF as eluent. Preparative SEC permits 
the isolation of high purity block copolymers in high yields. 
SEC analysis of the pure protected diblock quarterpolymer 
showed a significant shift in elution volume (Figure 3B), char-
acterized by a molar mass of 27 kg mol−1 (PS calibration). Due 
to the low overall monomer conversion, we refrained from 
estimating the DPn of the block copolymer; instead, 1H-NMR 
spectroscopy (CD2Cl2) was used to determine the relative 
monomer composition from the P(O)n block signal at 3.4 ppm 
(Figure 3A), which leads to an overall DPn of 104 for this block, 
and corresponding total molar mass of 38 kg mol−1. Moreover, 
the comonomer content was calculated by integrating the 
characteristic 1H-NMR signals; the protected diblock quarter-
polymer composition was determined to be P(O0.29)-b-P(S0.35-co-
2VP0.19-co-tVN0.17). The results are summarized in Table 1.

An additional diblock quarterpolymer was synthesized, 
P(O0.37)-b-P(S0.13-co-2VP0.26-co-tVN0.24), with a lower styrene 
content or higher hydrophilicity compared to P(O0.29)-b-P(S0.35-
co-2VP0.19-co-tVN0.17). In this case, a stronger photoresponse 
is expected under light exposure due to the higher functional 
comonomer content incorporated here. To obtain the final 
materials, P(O0.29)-b-P(S0.35-co-2VP0.19-co-VN0.17) and P(O0.37)-
b-P(S0.13-co-2VP0.26-co-VN0.24), a deprotection step was car-
ried out using a two-fold excess of TBAF with respect to the 
TBS-protected tVN repetition units in an equimolar combina-
tion with acetic acid according to a literature procedure.[21] 
1H-NMR spectroscopy was used to characterize the depro-
tected diblock quarterpolymers (Figure  3C). The disappear-
ance of the signal at 0.3 ppm corresponding to the protecting 
group indicates a successful deprotection. In agreement with 
our previous observations, an increase in molecular weight by 
SEC was observed (Table 1).[8] This behavior is a consequence 
of stronger hydrogen bonding after deprotection due to the 
higher hydroxyl group concentration, and hence the depro-
tected polymers interact more with the SEC columns besides 
the predominant polymer-polymer interactions. The polymers 
were also subjected to preparative size exclusion chromatog-
raphy (BioBeads SX-1) with THF as eluent in order to remove 
residual TBAF before further characterization and micelliza-
tion studies were performed. The hydrophilic content of the 
final diblock quarterpolymers was also assessed, i.e., the mol 
fraction of the MEO9MA block (abbreviated “O” in Table 1).

Macromol. Rapid Commun. 2020, 41, 1900607

Figure 2.  A) Semilogarithmic plot for the terpolymerization of tVN with S and 2VP with a [monomer]:[CEPTA] = 125:1 and B) semilogarithmic plot for 
the copolymerization of S with either 2VP (top) or tVN (bottom) with a [monomer]:[CEPTA] = 125:1.
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After preparing the desired photoacid-containing diblock 
quarterpolymers, P(O0.29)-b-P(S0.35-co-2VP0.19-co-VN0.17) 
and P(O0.37)-b-P(S0.13-co-2VP0.26-co-VN0.24), we investigated 
their self-assembly in water as a selective solvent. This was 
achieved by first dissolving the respective diblock quarter-
polymers in THF as a nonselective solvent, followed by 
adding the solution dropwise into micropure water under 
vigorous stirring. The assemblies, which presumably con-
sist of a P(Sx-co-2VPy-co-VNz) core and a P(O)n corona, were 

realized by stirring the mixtures for an additional 24 h to 
allow the volatile THF to evaporate. Dynamic light scattering 
(DLS) and cryogenic transmission electron microscopy (cryo-
TEM) were then used to investigate the size and structure of 
the formed assemblies (Table  1 and Figure  4). According to 
DLS measurements, the number-weighted particle size for 
both diblock quarterpolymers, P(O0.29)-b-P(S0.35-co-2VP0.19-co-
VN0.17) and P(O0.37)-b-P(S0.13-co-2VP0.26-co-VN0.24), are within 
5–10 nm (Figure 4A).

Macromol. Rapid Commun. 2020, 41, 1900607

Table 1.  Characterization of the macro-RAFT agent, the protected and deprotected block copolymers (SEC, NMR), and the prepared micellar 
solutions (DLS).

Sample Mn,SEC
a) [kg mol−1] Ða) Convb) [%] DPn, (block) Mn [kg mol−1] Oc) [wt%] <Rh>n,app

d) [nm]

P(O)n 18 1.23 57 45e) 23 – –

P(O0.29)-b-P(S0.35-co-2VP0.19-co-tVN0.17) 27 1.41 4 104d) 38 29.0 –

P(O0.37)-b-P(S0.13-co-2VP0.26-co-tVN0.24) 30 1.31 –* 70f) 35 36.9 –

P(O0.29)-b-P(S0.35-co-2VP0.19-co-VN0.17) 34 1.39 – – – – 6.3 ± 1.9

P(O0.37)-b-P(S0.13-co-2VP0.26-co-VN0.24) 39.5 1.31 – – – – 9.6 ± 0.5

a)Determined by SEC (DMAc/LiCl) (PS calibration); b)1H-NMR (300 MHz, CDCl3); c)Mol fraction of the MEO9MA block (abbreviated “O”) or hydrophilic content deter-
mined using 1H-NMR (300 MHz, CD2Cl2); d)Determined by DLS, *no conversion could be determined in this case. The indices of the polymers depict the composition 
determined via 1H-NMR (300  MHz, CD2Cl2) or in case of P(O)n it depicts the DP which could be estimated from the conversion; e)Determined from the conversion; 
f)Determined from 1H-NMR (300 MHz, CD2Cl2) using the P(O)n signal at 3.4 ppm as a reference.

Figure 3.  A) Synthetic route used to access TBS-protected amphiphilic block copolymers, P(Om)-b-P(Sx-co-2VPy-co-tVNz), via RAFT polymeriza-
tion (AIBN, bulk, 90 °C) and subsequent deprotection (TBAF/acetic acid, THF, 0 °C). B) SEC traces showing the successful chain extension of 
P(O)n yielding P(O0.29)-b-P(S0.35-co-2VP0.19-co-tVN0.17) and C) representative 1H-NMR spectra showing the successful deprotection of TBS-protected 
P(O0.29)-b-P(S0.35-co-2VP0.19-co-tVN0.17).
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The intensity-weighted hydrodynamic radii show broader 
distributions with slightly increased radii of 23  nm (P(O0.29)-
b-P(S0.35-co-2VP0.19-co-VN0.17)) and 15  nm (P(O0.37)-b-P(S0.13-co-
2VP0.26-co-VN0.24)) (Figure  4B). Larger aggregates (>100  nm) 
are also observed in the latter case. Both observations can be 
explained by the fact that the scattering intensity is propor-
tional to the 6th power of the particle radius, which leads to 
an apparent discrimination of smaller particles, even though 
they may represent the major fraction. Cryo-TEM micrographs 
reveal similar results with diameters ranging from 10  nm up 
to 30  nm, and which are fairly spherical in shape. This rela-
tively broad distribution may arise due to a higher degree of 
intermolecular hydrogen bonding interactions for the P(O0.37)-
b-P(S0.13-co-2VP0.26-co-VN0.24) micelles compared to the P(O0.29)-
b-P(S0.35-co-2VP0.19-co-VN0.17) micelles, which presumably leads 
to the formation of these larger aggregates. In the literature, 
strong interactions between pyridines and phenols have been 
reported,[22–25] which likewise may explain the formation of 
larger aggregates or nonuniform micelles during the self-
assembly process of the systems reported here.

Upon exposure to UV light, the photoacid becomes activated 
and experiences a strong shift in acidity. We anticipate this 
to result in an ESPT from the photoacid to neighboring 2VP 
units (Figure 5A). The presence of charged groups within the 
micellar core is then expected to shift the overall hydrophilic/
hydrophobic balance of the entire diblock quarterpolymer. 
This will in turn lead to swelling and possibly dissolution of 
the respective micelles into unimers. The photoactivation, and 
possible swelling and/or disruption of the formed micelles, 
is further supported by reproducible changes observed by 
dynamic light scattering with irradiation at 365 nm for 60 min 
(Figure S4, Supporting Information).

As a proof of concept for drug delivery applications, we 
investigated whether these diblock quarterpolymer micelles 
are capable of releasing encapsulated cargo triggered by UV 
light (irradiation at 365 nm). As a model hydrophobic guest 
molecule, we considered Nile Red (NR), which was loaded 
into the micelles via coprecipitation. The potential release of 
Nile Red was monitored by fluorescence emission spectros-
copy at an excitation wavelength of 510 nm, a wavelength at 
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Figure 4.  A) Number-weighted hydrodynamic radius of the diblock quarterpolymer micelles and B) intensity-weighted hydrodynamic radius of the 
prepared diblock quarterpolymer micelles (c = 1 mg mL−1) and their corresponding cryo-TEM images: C) P(O0.29)-b-P(S0.35-co-2VP0.19-co-VN0.17) and 
D) P(O0.37)-b-P(S0.13-co-2VP0.26-co-VN0.24).
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which the photoacid does not absorb light. Upon irradiation 
at 365 nm, the emission intensity of NR at ≈615 nm decreases 
(Figure  5B). This may indicate that the NR is released from 
the micelles to the polar water phase, where its emission is 
effectively quenched. However, it should be noted that the 
fluorescence quantum yield of NR does not only depend on 
the environment or polarity of the solvent, but also on the 

concentration of NR, the concentration of micelles, and the 
aggregation number of the respective micelle.[26] Conse-
quently, a reduction in the NR emission does not unambigu-
ously prove the release of NR from the polymer micelles, but 
may result from a number of factors, e.g., increased polarity 
of the core due to photoactivation and swelling. However, the 
decrease in NR fluorescence upon increasing irradiation time 

Macromol. Rapid Commun. 2020, 41, 1900607

Figure 5.  A) Depiction of the reversible light-mediated proton transfer resulting in a shift in the overall hydrophilic/hydrophobic balance of the 
P(Om)-b-P(Sx-co-2VPy-co-VNz) diblock quarterpolymer. B) Exemplary fluorescence emission spectra showing the reduction in Nile Red fluorescence with 
increasing irradiation time (365 nm) and C) the calculated amount of Nile Red released from the diblock quarterpolymer micelles of P(O0.29)-b-P(S0.35-
co-2VP0.19-co-VN0.17) and P(O0.37)-b-P(S0.13-co-2VP0.26-co-VN0.24) with (closed circles) and without (open circles) irradiation. D) UV/vis absorption and 
emission (light colored) spectra of P(O0.29)-b-P(S0.35-co-2VP0.19-co-VN0.17) micelles in aqueous media: 0.1 m HCl (red, pH 1), H2O (green, pH 6), and 
0.1 m NaOH (blue, pH 13).
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proves that the micelles do indeed exhibit photoresponsive 
behavior.

If we assume that the reduction in the NR emission arises 
exclusively from successful cargo release through photodriven 
swelling or conformational changes, the extent of NR release 
can be estimated from the fluorescence emission intensity 
at ≈615  nm using Equation S1 (Figure  5C). Employing this 
assumption, ≈10  % of the loaded Nile Red is released within 
60  min upon irradiation at 365  nm for both P(O0.37)-b-P(S0.13-
co-2VP0.26-co-VN0.24) and P(O0.29)-b-P(S0.35-co-2VP0.19-co-VN0.17) 
diblock quarterpolymer micelles. This is lower than for the 
previously reported systems comprising MMA and DMAEMA 
as comonomers of up to 30% in 60 min.[8,12,27] The significant 
decrease in release kinetics in the current system likely arises 
from confinement effects: the reduced photoacidity of the VN 
moiety hinders the formation of charged species in a confined 
space.[13] This is further exacerbated by the increased hydro-
phobicity of the styrene-based core compared to the previously 
used methacrylate-based system, and slower dynamics associ-
ated with higher Tg polymer segments within the micellar core. 
Moreover, the Tg is expected to be increased (in the range of 
162–173 °C as has been reported for bulk materials) caused by 
the strong interactions between pyridines and phenols.[22–25] 
This effect was found to be less pronounced in the case of 
similar systems possessing DMAEMA moieties instead of 
pyridines; here only a moderate increase was reported in the 
literature (113–135 °C),[28] and this may explain the deviating 
observations compared to our previous reports.

Aqueous solutions of the respective VN-containing BCP 
micelles were investigated by steady-state absorption and emis-
sion spectroscopy. Exemplary absorption and emission spectra 
for the P(O0.29)-b-P(S0.35-co-2VP0.19-co-VN0.17) micelles at select 
pH values, i.e., in 0.1 m HCl (pH 1), H2O (pH 6), and 0.1  m 
NaOH (pH 13), are shown in Figure 5D. The protonated form 
absorbs at around 300 nm, whereas the corresponding 1-naph-
tholate exhibits a red-shifted absorption centered at around 
340  nm. The respective emission maxima of 1-naphthol and 
1-naphtholate species are located at 350 and 430  nm, respec-
tively. All BCP micelles exhibit the emission of protonated 
1-naphthol exclusively in water (Figure S6 in the Supporting 
Information for more details). This observation suggests the VN 
moieties within the micellar core are not sufficiently solvated to 
mediate an ESPT under these conditions. This result is contrary 
to the results obtained in the NR release studies (Figure  5C), 
which indicate the BCP micelles undergo a light-mediated 
release upon irradiation at 365 nm. However, in view of poten-
tially higher Tg values caused by the interpolymer complex 
formation between 1-naphthol and pyridine,[22] this observa-
tion may be explained by the resultant glassy nature of the core 
that suppresses any migration of water molecules toward the 
photoacid moieties. Given the uncertainties in the quantifica-
tion of the cargo release and its direct correlation with micelle 
swelling, we suggest that only a small fraction of the VN units 
can be deprotonated after excitation, and therefore the change in 
the hydrophobic/hydrophilic balance is limited. This may result 
in the observed lower release of NR compared to our previous 
studies. However, the exact mechanism of the light-mediated 
release for this particular system, especially in comparison to 
other reported photoacids, needs to be further investigated.

In summary, we presented the synthesis of well-defined and 
light-responsive terpolymers containing tVN via RAFT, a pho-
tostable photoacidic comonomer in combination with styrene 
and 2-vinylpyridine. After studying the terpolymerization using 
two different chain transfer agents, we prepared two amphiph-
ilic block copolymers under optimized conditions with varying 
amounts of photoacid via a block extension from a hydrophilic 
PMEO9MA macro-RAFT agent capable of forming spherical 
micelles. Their micellization in water was investigated; and 
subsequently, their light-triggered release of an encapsulated 
model cargo was demonstrated. We see great potential for these 
materials in controlled drug delivery and other fields where 
spatial and temporal control over macromolecular conforma-
tion and net charge or charge density is an advantage.
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