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ABSTRACT: Semi-degradable nanoparticles 

were synthesized in aqueous medium by 

photo-initiated polymerization-induced self-

assembly (photo-PISA), using a cleavable 

hydrophilic copolymer as steric stabilizer that 

also served as macromolecular chain-transfer agent (mCTA) for the reversible addition-

fragmentation chain transfer (RAFT) polymerization of 2-hydroxypropyl methacrylate (HPMA). 

This mCTA was obtained by modification of a pH-sensitive poly[(ethylene carbonate)-co-

(ethylene oxide)] (PECEO) random copolymer that was end-fitted with a trithiocarbonate moiety. 

By adjusting the degree of polymerization of HPMA through RAFT, we achieved the synthesis of 

a series of amphiphilic block copolymers which self-assembled in various morphologies, including 

spheres, worms and vesicles. Through the characterization by 1H-NMR, size exclusion 

chromatography (SEC) and transmission electron microscopy (TEM), it could be demonstrated 
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that the carbonate linkages of their hydrophilic block and of their steric stabilizer undergo 

hydrolysis under alkaline conditions. The length of the PHPMA block and the balance between the 

hydrophilic and hydrophobic blocks are two parameters that have a significant impact on the self-

assembly of these particles; a transition from steric to electrostatic stabilization of these 

nanoparticles could be witnessed during degradation for short PHPMA blocks. In summary, pH-

sensitive nanoparticles sterically stabilized by degradable poly(ether-co-ether carbonate) 

copolymers gave rise under basic conditions to nanoparticles stabilized by electrostatic interaction. 
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Introduction 

Ever since the term "macromolecule" was coined in 1920 [1], a host of polymeric products now 

meet modern requirements for a wide range of applications, spanning from commodity polymers 

for food packaging [2] [3] to high value polymers for healthcare materials and others [4] [5] [6]. In most 

of these applications, the polymers used are made of linear arrangements of C-C bonds that are 

very stable but lack (bio)degradability, which in turn causes damage to the environment in addition 

to being responsible for large greenhouse footprint [7]. As a result, research on degradable polymers 

have come into focus. Various heteroatom-containing groups have thus been incorporated into 

polymer main chains, such as polyorthoesters [8] [9] [10], polyketone [11], polyesters [12] [13] and 

polycarbonates [14] [15], in order to endow the latter chains with degradability. For example, 

Galanopoulo et al. [16] recently reported the synthesis of core-degradable particles comprising 

polystyrene (PS) or poly(n-butyl acrylate) (PBA) and dibenzo[c, e]oxepane-5-thione (DOT) that 

were grown via RAFT-mediated PISA polymerization. They took advantage of the contribution of 

Gutekunst’s group [17] who showed that DOT can randomly be introduced by radical means into 

vinylic polymers, which could be subsequently degraded by hydrolysis of their thioester-ester 

linkages. Previously, cyclic ketene acetals (CKAs) were also shown to afford ester-containing 

degradable vinylic polymers but they were difficult to handle in aqueous dispersion polymerization 

because of the susceptibility to hydrolysis.[18] Recently, the Gillies’ group presented a “click to 

self-immolation” strategy to construct diverse depolymerizable polymers with various trigger units 

[19]. The strategy was applied to polymer-polymer coupling which afforded totally depolymerizable 

amphiphiles. 

Made of repeating ether units, poly(ethylene oxide) (PEO) is also a polymer that is not 

(bio)degradable although extensively used in biomedicine for its biocompatibility, water-solubility 
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and stealth behavior.[20] To overcome its non-degradability, various functions, such as those based 

on ketal [21] [22], ester [23] [24], and carbonate [15] linkages have been incorporated into the PEO 

backbone to confer degradability to the resulting copolymer. For instance, carbonate functions were 

incorporated through copolymerization of CO2 with ethylene oxide [25]. 

Recently, a method describing the preparation of poly[(ethylene carbonate)-co-(ethylene oxide)] 

(PECEO) random copolymers under metal-free conditions was reported. In such copolymerizations 

of ethylene oxide (EO) with carbon dioxide (CO2) the carbonate content in the copolymer formed 

can be fine-tuned by varying the CO2 pressure. This approach not only imparts degradability to the 

PEO backbone but it also offers the possibility to generate carbonate-containing hydrophilic 

copolymers [26]. Such hydrophilic and yet degradable PECEO copolymers appear as ideal 

candidates for the study of the stabilization of waterborne particles obtained by polymerization-

induced self-assembly (PISA). PISA offers an attractive and efficient method for the synthesis of 

copolymers with high solids content, up to 50 wt.% [27] [28]. During the PISA process, amphiphilic 

block copolymers self-assemble and form nanoparticles that are sterically stabilized in 

morphologies, such as spheres, worms, rods, vesicles [29] [30] [31] [32]. Foremost, it is possible to add 

during the particle synthesis stimuli-responsive moieties [33] [34] [35]. The aim of this study is to 

determine how such sterically stabilized particles behave when their hydrophilic shell is partially 

hydrolyzed under basic conditions. We seek in particular to figure out whether a transition from 

steric stabilization of the nanoparticles to a stabilization by electrostatic interaction can occur in 

alkaline media. Besides the classical PISA process which requires a thermal radical initiator [36] [37] 

photo-initiated polymerization-induced self-assembly (photo-PISA) has recently emerged as a 

method to produce nanoparticles at ambient temperature and in milder experimental conditions.[38] 

[39] [40]. 
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We thus report herein the synthesis by photo-PISA of waterborne nanoparticles, using a 

degradable and hydrophilic PECEO-based macro CTA to grow by RAFT a poly(2-hydroxypropyl 

methacrylate) block (PHPMA). This PECEO-based macro CTA segment was obtained by 

esterification of poly[(ethylene carbonate)75-co-(ethylene oxide)31 with 4-cyano–4-

(((ethylthio)carbonothioyl)thio) pentanoic acid chain transfer agent (CEPA CTA)). The influence 

of the solid content and of the degree of polymerization of the PHPMA block in such poly[(ethylene 

carbonate)75-co-(ethylene oxide)31]-b-poly(2-hydroxypropyl methacrylate)n (PECEO-b-PHPMA) 

on the morphologies of the nanoparticles formed was then investigated. Subsequently, the 

degradability of the PECEO shell of these nano-objects and their evolution in NaOH aqueous 

solution were further investigated using various techniques, including SEC and TEM. 

 

Scheme 1. Synthetic pathway for preparing PECEO-b-PHPMA copolymer nanoparticles with 

varying DP values and solids content via aqueous RAFT-mediated Photo-PISA using a degradable 

hydrophilic PECEO-mCTA. 
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Results and Discussion 

Synthesis and Characterization of Hydrophilic PECEO Macro-Chain Transfer Agent 

(PECEO-mCTA).  

The degradable PECEO block was synthesized through metal-free copolymerization of 

carbon dioxide (CO2) with ethylene oxide, as reported by X. Feng et al. [26]. This degradable 

PECEO block, possessing an approximate 25 % molar content of carbonate groups was 

synthesized to subsequently serve as hydrophilic steric stabilizer. To this end, it was 

esterified with CEPA CTA to yield a hydrophilic macro-CTA. The esterification process was 

carried out in the presence of DCC and DMAP. A comparative analysis of 1H NMR spectra of 

CEPA (Figure 1A), of PECEO and of PECEO-mCTA clearly demonstrates the successful 

functionalization of PECEO with CEPA. More specifically, all characteristic protons from CEPA 

could be identified on the spectra of PECEO-CEPA macro-CTA, especially the protons in α 

position to the carbonyl function of the ester bond formed after reaction of CEPA with PECEO at 

δ = 2.7 ppm together with those downshielded at δ = 1.9 and 1.3 ppm and corresponding to the 

CIV-CH3 terminal -CH3 of CEPA (Figure 1), thus confirming the successful incorporation of CEPA 

into PECEO chain end. Furthermore, the SEC analysis of CTA-appended PECEO (Mn = 3.8 kDa) 

did not reveal any change in the molar mass. A negligible increase in the polymer dispersity, ĐM, 

which rose from 1.09 to 1.16 was however observed after CEPA functionalization since PECEO 

chains appearing as bump or shoulder in the SEC traces are difunctional and therefore carry two 

CTA moieties (instead of one in monofunctional PECEO). These difunctional chains are generated 

by the presence of residual water in the initiator used. Additionally, Mn of PECEO-mCTA has been 

determined by 1H-NMR (Figure S1) was 6.3 kDa. SEC measurements are done using PEO standard 

and do not exactly reflect the real molecular weight. Both results obtained from 1H NMR spectra 
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and SEC analyses strongly confirm the successful synthesis of the functional degradable 

hydrophilic PECEO-mCTA. 

 

Figure 1. Pristine PECEO copolymer and PECEO-mCTA prepared through esterification (A) 1H 

NMR spectrum of poly[(ethylene oxide)75-co-(ethylene carbonate)31] macro-CTA (PECEO-

mCTA) (top), PECEO (middle) and 4-cyano-4-(((ethylthio)carbonothioyl)thio)pentanoic acid 

(CEPA) (bottom) in CDCl3; (B) Normalized SEC RI molar mass distributions for pristine PECEO 

(black) and PECEO-mCTA (red).

 

Kinetics of Photo-PISA for PECEO-b-PHPMA Synthesis  

The synthesized hydrophilic PECEO-mCTA was then used as a photo-iniferter to grow a 

PHPMA block by RAFT polymerization of HPMA through one-pot photo-PISA. HPMA was 

chosen because it represents a benchmark monomer for PISA. Experiments were carried out in 

water at 37 °C under light irradiation at 405 nm for 90 min (Scheme 1 and Table S1). The samples 

were withdrawn each 10 min for SEC and 1H NMR analyses.  

A near-quantitative HPMA conversion (98%) was achieved in 90 min. The time dependence of 

monomer conversion and the semilogarithmic plot associated with the PISA process are presented 
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in Erreur ! Source du renvoi introuvable.A, revealing three distinct regimes. From t = 0 to 10 

min, the monomer conversion increased negligible. The relatively slow rate of reaction might be 

attributed to a mild retardation occurring during the polymerization of methacrylates [41]. From 10 

to 40 min, monomer conversion then rose to 49 %, and the kinetics plot exhibited an apparent 

increase in slope, indicating the formation of molecularly dispersed copolymer chains.  After this 

point, the conversion increased significantly to 97% monomer conversion, referring to unreacted 

HPMA monomer entered nascent copolymer chains to solvate the PHPMA chains, resulting in a 

relatively high local monomer concentration and an increased rate of polymerization [42].  

A progressive molar mass increase could be observed over time, rising from 9.8 to 47.1 kg.mol−1, 

while an increase in ĐM growing from 1.17 to 1.47 (Table S1). Erreur ! Source du renvoi 

introuvable.B represents this upward trend of molar mass with relatively low ĐM, as determined 

through SEC and 1H NMR analyses, in agreement with the general behavior of PISA methodology, 

as previously reported [43]. As shown in Figure S2. Notably, a shoulder peak could be seen towards 

lower molar weight values, likely due to the presence of non-functionalized PECEO-mCTA. 

Importantly, the SEC peak shifted towards higher molecular wight as the reaction progressed, 

showing a smooth molar mass increase. In general, the uniform evolution of the kinetic curve over 

reaction time, coupled with the consistently low ĐM, provided robust confirmation of the good 

control achieved during the polymerization process. The observed deviation between practical Mn 

(determined by SEC) and theoretical line of Mn (determined by 1H NMR) at high conversion is not 

unexpected, as the molecular weights are measured against PEO calibration. 
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Figure 2. RAFT-mediated Photo-PISA of PECEO-b-PHPMA nanoparticles at DP = 100, solids 

content = 10 wt.% at 37 °C under light irradiation; (A) HPMA conversion and corresponding 

kinetics plot vs time for PECEO-b-PHPMA synthesis during a 90 min polymerization; (B) 

Evolution of Mn and ĐM vs. HPMA conversion for PECEO-b-PHPMA nanoparticles; (C) 

Normalized SEC RI traces of PECEO-mCTA and corresponding PECEO-b-PHPMA copolymers 

at 10 wt.% solids content with varying DP values (50, 75, 100, 125) showing their molar mass 

distribution ĐM and their Mn; (D) Mn, SEC and ĐM for PECEO-b-PHPMA nano-objects with 

increasing DP values at a solids content equal to 10, 15,  and 20 wt.%.

 

Impact of Degree of Polymerization (DP) and Solids Content on PECEO-b-PHPMA 

Nanoparticles 

A series of PECEO-b-PHPMA diblock copolymers with varying HPMA degrees of 

polymerization (50, 75, 100, 125) and solid contents (10, 15, 20 wt.%) were then synthesized with 

a view to investigating the properties of nanoparticles in terms of morphology, size, and zeta 
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potential, under constant photo-polymerization conditions (37 °C, light irradiation at 405 nm) with 

a total reaction time of 90 min. In all cases, the final PECEO-b-PHPMA nanoparticles achieved a 

minimum monomer conversion of 68%, as determined by 1H NMR spectra in DMSO-d6 (Table 

S2). After dilution of the nanoparticles in water, dispersions were subjected for Dynamic Light 

Scattering (DLS) and zeta potential analyses. 

It was observed that only PECEO-b-PHPMA copolymers with a DP=50 exhibited an oily phase 

with good flowability. The viscosity of these oily phases increased as the solids content rose from 

10 to 20 wt.%. In contrast, all samples with DP values higher than 50 (75, 100, 125) aggregated to 

form gels, since a higher monomer concentration led to a stronger intermolecular force promoting 

aggregation. In all cases with the same solids content, monomodal molar mass distributions were 

observed, and a uniform shift towards higher mass values was found as the degree of 

polymerization (DP) increased from 50 to 125, maintaining a relatively narrow ĐM ≤1.26 (Erreur ! 

Source du renvoi introuvable.C and Figure S3). The small shoulder peak observed in some cases 

can be attributed to the formation of difunctional chains generated by the presence of residual water 

present in the initiator. As for the small shoulder peak seen in Figure S4, it can be attributed to non-

functionalized PECEO copolymer chains. However, as it had no impact on the overall 

polymerization of HPMA, it was not considered in the calculation of Mn and ĐM of PECEO-b-

PHPMA copolymers [44]. As shown in Table S2, the variation in solids content did not have a 

significant impact on Mn values of PECEO-b-PHPMA nanoparticles. Moreover, all the 

nanoparticles with target DP = 50 exhibited a quite narrow ĐM of 1.09. An overall increase in ĐM 

of synthesized PECEO-b-PHPMA nanoparticles was observed when either the total solids content 

or the polymerization degree increased (Figure 2D). This trend in the progression of Mn and ĐM 

values was in good agreement with the typical characteristics of the PISA procedure. Furthermore, 

the zeta-potential results indicated that all nano-objects derived from PECEO-b-PHPMA exhibited 
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negative charges ranging from -9.5 to -22.3 mV (Table S2). The negative surface charge of 

nanoparticles might be attributed to the presence of PEO-rich corona in the particles, similar 

negative surface charges of PEO-enrich particles were also reported by other groups[45].  

Figure 3. TEM micrographs of PECEO-b-PHPMA diblock copolymer nano-objects obtained upon 

PISA in the presence of HPMA monomer and corresponding phase diagram as a function of DP 

and solids content.

 

Dry state TEM micrographs and Figure S5-S11) along with measurements of hydrodynamic 

diameter and zeta potential (Table S2) were also used for analysis of PECEO-b-PHPMA 

nanoparticles with DP and solids content values ranging from 50 to 125 and from 10 to 20 wt.%, 

respectively; this afforded a morphology phase diagram that could be used as a guide for 

reproducing such synthesis. The coexistence of different nano-objects, including spherical micelles 

(S) and worm-like micelles (W), was observed for a DP of 50 and a 10 wt.% solids content, 

displaying a hydrodynamic diameter (Dh) of 121 nm and a low PDI (0.11). An increase in the solids 
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content up to 15 wt.% allowed the sole formation of pure spherical micelles. Finally, pure worm-

like micelles were observed by TEM for 20 wt.% solids content, which confirmed that higher solids 

contents were conducive to achieving higher order morphologies. For DP values of 75 and 100, 

mixed morphologies featuring various combinations of S, W, and V were obtained, together with 

hydrodynamic diameters of the nano-objects ranging from 87 to 264 nm and narrow PDI between 

0.11 and 0.29. Among them, a surprising coexistence of spherical micelles and needle-like structure 

was observed for DP = 75, and a solids content of 20 wt.%. This peculiar self-assembled nano-

objects were already observed in previous research carried out in our group [28], indicative of a 

transition state between micelles and worm-like structures. When increasing the DP of HPMA to 

125, only pure vesicle morphologies were obtained, with Dh varying from 162 to 189 nm and a 

PDI within the 0.21-0.27 range for 10, 15, and 20 wt.% solids content. As a conclusion, in the 

presence of high monomer concentrations and/or solid contents, inter-sphere fusion occurred more 

frequently. Moreover, the excess monomer acted as a co-solvent, efficiently solvating the PHPMA 

block. This solvation process proved to be advantageous for the formation of higher order 

morphologies. 

Small-Angle Neutron Scattering (SANS) spectra of PECEO-b-PHPMA nanoparticles with a DP of 

50 and 125 for the PHPMA block at 15 wt.% solids content are presented in Figure 4B. SANS 

spectra were fitted by SASview software [46] by a so-called “polymer micelle model” or “vesicle 

model” corresponding to a dense core with a polymeric shell and a polymeric vesicle with water-

core respectively (models are detailed in SI). SANS analyses confirmed that the obtained particles 

had a high stability and were hard core-polymeric shell sphere, as their curves fitted perfectly to 

the model. Diameters measured by SANS are summarized in Table S3. There was a slight 

difference with results  obtained in DLS and TEM measurements (Figure 4A). TEM images are a 

projection of the dry state of spherical objects on the focal plane and polymers grafted on the 
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polymer core could hardly be seen whereas DLS measures the average hydrodynamic diameters, 

including the water layers associated with particle surfaces. SANS assesses the static colloidal by  

 

Figure 4. (A) Normalized DLS size distribution curve; (B) SANS patterns for sample DP125-15 

(blue solid dot), DP50-15 (red solid dot). Green solid lines show the data fits obtained for each 

SANS pattern using an appropriate spherical micelle or vesicle model. 

measuring the internal core size distribution of particles and excluding the external water 

conjugation layer. As a result, the hydrodynamic radius of polymeric objects is always higher than 

the radius of gyration which could account for the differences observed. For both samples, the 

divergence between both techniques is due to differences of size measurements. In addition, the 

model does not take into account in the case of vesicles the polymeric layer tethered at the surface 

of the vesicle which can swell into water. 

Degradability of PECEO-b-PHPMA Copolymer Nanoparticles in Alkaline Media 

In order to explore the effect of the degradation of the PECEO block on the behaviour of 

PECEO-b-PHPMA nanoparticles in basic aqueous medium, we submitted a sample of the PECEO-
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b-PHPMA diblock copolymer (DP of PHPMA block = 75, solids content = 15 wt %, and total Mn 

= 13.3 kg.mol−1) to hydrolysis. In comparison to the 1H NMR spectrum of the initial PECEO-b-

PHPMA copolymer, the one obtained after hydrolysis in 0.1 M NaOH solution (pH= 13) for 

overnight showed the disappearance of the peaks ascribed to the methylene protons of carbonate 

repeating units at 3.6 ppm and 4.17 ppm, suggesting that the latter experienced a complete 

degradation all along the copolymer backbone in such alkaline conditions (Figure 5B). This finding 

was in accordance with previous studies from Jia et al. on PECEO copolymers [26]. Very 

importantly, this also demonstrated that after hydrolysis, a remaining PEO block (located at range 

from 3.5-3.69 ppm) was still in polymer structures, which might link to that of PHPMA after 

incubating in 0.1 M NaOH solution (pH=13) (it will be proved by SEC result). Concomitantly, a 

significant shift of the SEC trace towards lower molar mass values, from 13.3 to 7.0 kg.mol−1 could 

be seen along with a slight decrease in the ĐM (from 1.17 to 1.14, Figure 5C). More importantly, 

the single SEC peak observed after degradation provides compelling evidence that the ester bond 

between the hydrophilic segment and the CTA remains intact. In the subsequent experiments, three 

PECEO-b-PHPMA samples with different PHPMA chain lengths but identical solids content (DP 

= 50, 75 and 125, at a fixed solids content of 15 wt.%) were subjected to hydrolysis (incubation in 

0.01 M aqueous NaOH (pH = 12 for 12 h) and the variation of their hydrodynamic size was 

monitored during the degradation (Erreur ! Source du renvoi introuvable.A). For the DP = 50 

sample, Dh increased from 92 nm to 335 nm within the first 2 h and then further reduced to 131 nm 

during the following 8h. A similar trend was observed for the DP = 125 sample, whose Dh increased 

from 190 nm to 361 nm in the initial 2 h, and then to 243 nm during the subsequent 8 h. The same 

decreasing trend in Dh was noticed for PECEO-b-PHPMA nanoparticle samples with a DP = 75 

for their PHPMA block: their Dh indeed increased from 87 nm to 509 nm in the first 2 h and then 

dropped to 377 nm in the remaining monitoring time. In the first 2 hours of incubation, an increase 
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in particles’ size was observed which is probably due to the enhance in hydration of the particles 

in NaOH 0.1M. The decline in Dh indicated that the nanoparticles disassembled after it reached a  

  

Figure 5. (A) Hypothesis for chematic illustration of the degradation of PECEO-b-PHPMA 

diblock copolymer nanoparticles in aqueous NaOH solution. The analysis was achieved with a 

PECEO-b-PHPMA displaying a degree of polymerization DP of 75 and a solids content of 15 wt.%. 

(B) 1H NMR spectra before (black) and after (red) incubation of PECEO-b-PHPMA diblock 

copolymer nanoparticles in 0.1 M NaOH for overnight. (C) Normalized SEC-RI molar mass 

distribution of PECEO-mCTA and PECEO-b-PHPMA nanoparticles (DP = 75, solids content = 15 

wt.%) before and after incubation in 0.1 M NaOH aqueous solution at room temperature for 

overnight, along with their corresponding ĐM values.
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maximum of size in aqueous NaOH medium. As illustrated in Figure 6B, based on visual 

observations, nanoparticles with DP = 50, although forming a turbid solution, maintained a well-

dispersed state in NaOH solution even upon degradation. For the DP = 75 sample, a similar turbid 

solution was observed, but some precipitates could be seen at the bottom of the vial. Notably, in 

the case of PECEO-b-PHPMA nanoparticles with a DP = 125 containing significantly a longer 

hydrophobic PHPMA block, it could be observed that the nanoparticles tended to aggregate and 

form precipitates that accumulated at the bottom of the vial [47]. This suggested that the length of 

the PHPMA block had a significant impact on the behavior of the particles after degradation. The 

distinct behaviors observed in the three copolymers after degradation (especially for shorter 

PHPMA blocks) could be attributed to several factors. Firstly, the hydrophilic layer made of 

PECEO, serving as a steric stabilizer, underwent sharp “shaving” upon degradation. Consequently, 

only nanoparticles with shorter hydrophobic PHPMA blocks were able to maintain stability. In 

other words, nanoparticles with relatively short PHPMA blocks of DP = 50 were stabilized by an 

even shorter hydrophilic block, suggesting that a transition might occur from a steric stabilization 

in the initial nanoparticles to a stabilization by electrostatic interaction by terminal alkoxide anions 

carried by the PEO block after hydrolysis. To prove the electrostatic stability, Zeta potential 

measurements of three particles before and after degradation are also provided. As shown in Figure 

S12, the values increased significantly after incubation in NaOH medium, from -20.2 to -42.1 mV 

(DP50), -18.3 to -53.1 mV (DP75), and -16.6 to -51.3 mV (DP125) respectively, resulting in 

formation of stronger repulsive force after degradation which help to maintain the stability for 

nanoparticle which has shorter hydrophobic blocks (as measuring medium changing from water to 

basic condition, surface charge of nanoparticles before degradation has slightly differences with 

previous one shown in Table S3). 1H NMR analysis (Figure 5B) of the copolymer recovered after 
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degradation also revealed the presence of a PEO fraction, as highlighted by the presence of the 

characteristic ethylene oxide unit peak around 3.6 ppm. This residual PEO was thus deprotonated  

 

Figure 6. (A) Monitoring of hydrodynamic diameter changes of PECEO-b-PHPMA nanoparticles 

(DP = 125, solids content = 15 wt.% and DP = 50, solids content = 15 wt.%) incubated in 0.01 M 

NaOH aqueous solution (pH 12) at 37 °C for 12 h. (B) Physical state of PECEO-b-PHPMA 

nanoparticles at solid content of 15 wt.% with varying DP values (50, 75, 125) after 12 h incubation 

in NaOH medium (pH=12) at 37°C 

 

under such alkaline conditions and end-fitted with an alkoxide anion, providing enough 

electrostatic repulsion to stabilize the PHPMA core of these nanoparticles.  

As observed by TEM, some aggregates formed after degradation (Figure S13, B1, before; B2, 

after). In a enlarge figure (Figure S13, B3), it offering evidence that aggregates were formed by 

disassociated particles after degradation. Combining DLS results and TEM observations permitted 

us to conclude that the initial PECEO-b-PHPMA nanoparticles underwent upon hydrolysis of their 

hydrophilic block disruption into smaller particles, which subsequently aggregated to form larger 

precipitates. 

Dynamic Light Scattering (DLS) results (Figure S14) of the three aforementioned samples (at 

DP = 50, 75, 125) that were subjected to degradation revealed a second nanoparticle population 
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presenting a ten-times higher diameter, after a 10-hour incubation period in 0.01 M NaOH medium 

(pH 12). Notably, the proportion of particles with a larger diameter increased with rising DP of the 

hydrophobic HPMA block. These observations could account for the differences visually observed 

between the samples submitted to hydrolysis and degradation of their hydrophilic block. While 

having identical hydrophilic blocks, nanoparticles including HPMA cores of higher DP and more 

hydrophobic tended to become unstable and settle as aggregates at the bottom of the vials. These 

findings were also confirmed by DLS measurements which actually showed a higher proportion of 

aggregates with higher DP. Moreover, the larger particles detected by DLS could be correlated to 

the aggregations observed by TEM. 

Besides demonstrating that nanoparticles with short DP (= 50) of their PHPMA block and a 

solids content of 15 wt.% remained well-dispersed even after 10 h in 0.01 M NaOH solution (pH= 

12), we incubated the same sample in different conditions (pH=7, 8, 10, 11) (Figure S15). At pH = 

12 the PECEO block degraded rapidly and the sample became opaque after 10 h unlike all other 

samples tested at pH=7, 8, 10, 11. At pH= 12, alcoholate are formed at the end of the polymer chain 

which electrostatically stabilize short HPMA block. 

Conclusion 

A poly[(ethylene carbonate)-co-(ethylene oxide)] random copolymer was modified to serve as 

macromolecular chain transfer agent (PECEO-mCTA) for the photo-initiated RAFT 

polymerization of  2-hydroxypropyl methacrylate. Through polymerization-induced self-assembly 

(photo-PISA) waterborne could be obtained nanoparticles at ambient temperature under light 

irradiation. Upon monitoring the growth of the PHPMA block, we could confirm by SEC analysis 

of PECEO-b-PHPMA diblock copolymers formed that the RAFT polymerization of HPMA 

occurred under well-controlled conditions. A series of PECEO-b-PHPMA copolymers with 
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varying degrees of polymerization (DP) of the PHPMA block and solid contents were synthesized 

and the morphologies eventually obtained were characterized. The observed morphologies 

included spheres, worm-like micelles, and vesicles, the latter being favored as the DP of the 

PHPMA block and solids content increased. Subsequently, these PECEO-b-PHPMA-based 

nanoparticles were subjected to degradation through the cleavage of their carbonate groups under 

alkaline conditions. 

Remarkably, nanoparticles with smallest hydrophobic cores remained well dispersed after 

partial hydrolysis of their hydrophilic outer layer, suggesting that under basic conditions their 

stabilization was ensured by electrostatic interaction. This versatile and efficient strategy could be 

envisioned as a potential synthetic platform for nanoparticle preparation and might be regarded as 

a potential powerful tool for designing pH-responsive systems and other related applications in the 

field of biomedicine. 
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