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ABSTRACT.

The morphology evolution of graft copolymer-based nano-objects was monitored by light scattering and
electron microscopy during their formulation in water by photo-mediated reversible addition-
fragmentation chain transfer mediated polymerization induced self-assembly. Copolymers models
composed of dextran backbone bearing poly(2-hydroxypropyl methacrylate) grafts of two degrees of
polymerization (X) were used. At full monomers conversion, unilamellar vesicle (ULV) and large
compound nano-objects (LCN) were formed when targeting X=100 and 500 respectively. For X=100,
sphere, worm then jellyfish were progressively observed before forming ULV. For X=500, electron
cryotomography revealed an unprecedented intermediate morphology formed from the onset of self-
assembly, called multi-compartment vesicle (MCV), that fused to form LCN. The formation of MCV was
attributed to a local phase separation between dextran and the residual HPMA inducing appearance of

multiple hydrophilic cores.
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INTRODUCTION.

Reversible addition-fragmentation chain transfer mediated polymerization induced self-assembly
(RAFT PISA)!? in aqueous phase is a straightforward platform technology developed to produce
polymeric nano-object directly in water at high solids concentration.’-> Namely, aqueous RAFT PISA is
based on the chain extension of a hydrophilic stabilizer by suitable monomers that form hydrophobic
polymers, resulting in a progressive formation of amphiphilic copolymers that subsequently self-assemble
in-situ into nano-objects.®!'* Aqueous RAFT PISA has been extensively conducted for amphiphilic
diblock copolymers in emulsion'>!® and dispersion'®-?3 media. Spherical micelle and latex are the
predominant morphologies reported in the former, while a large set of advanced morphologies are
produced in the latter including spherical/worm-like micelles, vesicles, framboidal and tubular vesicles

as well as lamellae.

In PISA, morphology diagrams?#?7 have been typically constructed to easily target pure nano-objects
morphology and to avoid the formation of undesirable mixture of morphologies. They were depicted from
the morphology at full monomers conversion by varying both the core-forming polymer degree of
polymerization and the solids concentration. However, these diagrams are not suited to investigate the
mechanistic route leading to the desired morphology. /n-sifu monitoring of the morphology at progressive
monomer conversion is an elegant pathway for this aim, since it allows trapping intermediate structures
involved in the formation of the final targeted nano-object.>* 2833 Using this methodology, ‘Jellyfish’
morphology 3 has been identified as a key intermediate structure for worm-like micelle to vesicle
transition by using poly(glycerol monomethacrylate)-b-poly(2-hydroxypropyl meth-acrylate) (PGMA-b-
PHPMA) as copolymers models. Recently, the formation of tubular polymersomes in case of diblock

copolymers was explained by a progressive vesicle-vesicle fusion pathway.?% 36

Graft copolymers, composed of a polymeric backbone carrying several polymeric grafts, are
particularly interesting due to their architecture leading to specific physico-chemical properties that could

differ from those of linear block copolymers.’’-3® However, as far as we are aware, reports on PISA of
3
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graft copolymers are extremely limited.3%%> Recently, our group reported a series of investigations on the
formulation of graft copolymers-based nano-objects using a photo-mediated RAFT PISA (photo-RAFT
PISA).40-42 Copolymers used (Dex-g'>-PHPMAy) were composed of dextran as hydrophilic backbone
bearing on average 12 poly(2-hydroxypropyl methacrylate) (PHPMAY) grafts of various degree of
polymerization -)Tn- (noted X for simplicity). Our investigations revealed that such system form various
morphologies depending on the grafts size.*? At full monomers conversion, copolymers of short grafts
(X=100) formed unilamellar vesicles (ULV) of thin membrane that became progressively thicker for
intermediate degree of polymerization (X= 200 and 300). On the other hand, mixture of large compound
nano-object (LCN) of spherical and cylindrical morphologies*'-4> were strangely observed when targeting
higher grafts degree of polymerization (X > 400). The appearance of cylinder-like nano-objects beyond
ULVs contrasts the theoretical prediction of the packing parameter theory,*? which assumes the formation
of cylinders before vesicles when increasing the volume fraction of the hydrophobic part. One a likely
explanation would be that LCNs result from a cooperative ULV-ULV fusion as reported by others for

diblock copolymers.2% 36

Here, we used our model system (Dex-g'>-PHPMAx) to assess whether fusion of ULVs causes
formation of LCNs. A macromolecular chain transfer agent (DexCTA ;) based on dextran (m=32000
g/mol, B=1.4), containing on average 12 photosensitive trithiocarbonate-type groups (CTA) per dextran
chain, was prepared as we previously reported ** and used as hydrophilic stabilizer in photo-RAFT PISA
of 2-hydroxypropyl methacrylate (HPMA) in water under visible light (An.,=405nm, max 60 mW/cm?)
(Scheme 1). Synthesis was performed at room temperature to avoid nano-objects morphology evolution
with temperature.*! Short (X=100 for PISA1) and large (X=500 for PISA2) PHPMA grafts were targeted
to investigate respectively the morphology evolution toward and beyond the vesicular morphology
previously observed by us at X=100.4* Due to the rapid polymerization rate of photo-RAFT PISA, less

than 30 min to achieve higher monomer conversion (99%), aliquots were extracted periodically at least

4
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every 1 min. The morphology of nano-objects formed was carefully monitored at progressive monomer

conversion using dynamic light scattering (DLS) and (cryo) transmission electron microscopy (cryo) TEM.
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Scheme 1. Nano-objects of Dex-g!'>-PHPMA prepared by aqueous photo-RAFT PISA of HPMA from
a dextran-based macromolecular chain transfer agent (DexCTA ;) in the presence of TPO-L as photo-

initiator. The chemical structures of DexCTA |, and Dex-g'>-PHPMA are simplified for clarity.

MATERIALS AND METHODS

Materials

Chemical reagents.

Dextran (M_n=32000 g mol'!, B=1.4) and poly(ethylene oxide) (M,=5000 g mol-') were purchased
from Sigma-Aldrich (Merck). 2-hydroxypropyl methacrylate (HPMA) (98%) was purchased from ABCR
and passed through a silica gel column before use. 4-(propylthiocarbonothioylthio)-4-cyanopentanoic
acid was synthesized as we reported previously.*®- 4 Ethyl (2, 4, 6-trimethylbenzoyl) phenylphosphinate

(TPO-L) was purchased from fluorochem and used without purification.

Synthesis of the macromolecular chain transfer agent, DexCTA .
The macromolecular chain transfer agent containing an average of 12 CTA groups per dextran chain

was synthesized through a multistep strategy as we previously reported.**

5
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In-situ monitoring of nano-objects formulation via photo-RAFT PISA.#

In a typical reaction for the synthesis of Dex-g'>-PHPMAy (X=100 and 500) at 10% solids
concentration: DexCTA, and HPMA were dissolved in milli-Q. The solution was purged with nitrogen
for 10 minutes, then TPO-L was added to the flask vial under nitrogen. The reaction medium was
irradiated under stirring with a visible LED lamp (A= 405 nm, max 60 mW cm) at 20 °C. Aliquots
were extracted periodically and characterized by 'H NMR, dynamic light scattering (DLS) and (cryo)
transmission electron microscopy (cryo)TEM. The experimental conditions used for each kinetic are

summarized in the Table S1.

Characterization methods

IH NMR spectroscopy: '"H NMR analysis was conducted on a Briiker Advance 300 MHz NMR

spectrometer and DMSO-d; was used as solvent.

Size exclusion chromatography (SEC): The number-average molar mass (M_n) and the dispersity (D)
were determined by SEC in DMSO/NaNO; (8.5 g L!) at 70 °C at 0.7 mL min-'. The refractive indexes
increment (dn/dc) of DexCTA |, and Dex-g!'>-PHPMAx were used as previously estimated.** Experiments
were performed using a Shimadzu SEC device equipped with an HPLC pump (LC 20AD, Shimadzu), a
degasser AF (DGU — 20A3R, Shimadzu), three PL gel columns (100000, 1000, and 100 A), a multi-angle
laser light scattering (MALLS) detector (Wyatt Technology, Mini Dawn, with a He—Ne light wavelength
at 632.8 nm), a differential refractometer detector (RID 10A, Shimadzu), and a UV detector (SPD-20A,

Shimadzu, 310 nm).

Dynamic Light Scattering (DLS): Hydrodynamic radius (Ry) and size distribution of nanoobjects were

determined at 20°C using an ALV/CGS-3 compact goniometer system equipped with an ALV-7004

6
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multiple tau digital correlator and a vertically-polarized He-Ne laser of 22 mW output power operating at
wavelength A = 632.8 nm. The autocorrelation functions were analyzed in terms of relaxation time (1)
distribution according to REPES routine. Measurements were done at angles 0 varying from 20° to 150°
corresponding to scattering wave vectors q ranging from q = 4.6 x 103 to 2.55 x 10”2 nm'!. Z-average
hydrodynamic radius (Ry) was estimated using the Stokes-Einstein relation (1), where Dy is the diffusion
coefficient, kg is the Boltzmann constant, T is the experimental temperature (293 K) and 7 is the viscosity

of the solvent (water).

ksT
Ry = 371D, (1)

Transmission electron microscopy (TEM): Samples were analyzed by conventional electron microscopy
using the negative staining method. Three microliters of the nanoobjects suspension were deposited on
an air glow-discharged carbon-coated grid for 1 minute. The excess of liquid was blotted, and the grid
rinsed with 2 % w/v aqueous uranyl acetate. The grids were visualized at 100 kV with a Tecnai 12 Spirit
transmission electron microscope (Thermo Fisher, New York NY, USA) equipped with a K2 Base 4k x
4k camera (Gatan, Pleasanton CA, USA). Magnification was at 4400, 6500 or 15000 X, corresponding to

a pixel size at the level of the specimen of 0.83, 0.55 and 0.25 nm, respectively.

Cryogenic electron microscopy (CryoEM): Samples were prepared for CryoEM using a Vitrobot Mark
IV. Three microliters of the nanoobjects suspension was deposited on airglow-discharged Quantifoil R2/2
grids. The sample was blotted for 4-5 seconds using force value 2, and frozen in liquid-nitrogen-cooled
ethane. Grids were observed on a Tecnai 20 G2 (Thermo Fisher), equipped with a field emission gun and
operated at 200 kV. Images were recorded on a K2 Summit camera (Gatan) at a magnification of 15,000
X at the level of the microscope (0.25 nm pixel size); defocus was between -1.5 and 3 um. Data were

recorded under low dose conditions (dose rate ~20 e/A2?).

7
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Electron cryotomography (ECT): EM grids containing the sample were plunge-frozen in a liquid ethane
using a Vitrobot Mark I'V (FEI). The Vitrobot was set to 100% relative humidity at 20°C and blotting was
done using BF 2, BT 6. Nano-gold particles, Protein A gold (from CMC, Uthecht, NL) were diluted 10
times in PBS buffer and mixed 1:1 with the sample just before blotting and plunge freezing. Plunge-
frozen grids were subsequently loaded into Glacios autogrid -cartridges (ThermoFisher).
Cryo-ET was performed using a ThermoFisher Glacios microscope 200 kV X-FEG microscope at
Nanolmaging Core of Pasteur Institute. The microscope were equipped with a 4k x 4k Falcon3 camera
(ThermoFisher ) operated in electron counting mode. Magnifications was at 36.000, corresponding to
pixel sizes of 4A. Once the areas of interest were identified and marked, anchor maps were used to revisit
these locations and collect tilt-series in an automated fashion. Each tilt-series was collected from negative
60° to positive 60° with an increment of 2° using the low dose functions of tracking and focusing. The
cumulative dose of each tilt-series was 120 e-/A2. Once acquired, tilt-series were binned into 1k x 1k
arrays before alignment and reconstruction into 3D tomograms with the IMOD software package.*¢ Tilt

series were aligned using gold fiducials while reconstructions were performed using WBP algorithm.

RESULTS AND DISCUSSION.

Figures 1A and 1B show the visual appearance of aliquots sampled at different time during PISA1
and PISA2, respectively. The monomers conversion was determined by 'H NMR analysis (Figure S1
and S2). The kinetic study summarized in Figures 1C and 1D shows a similar behavior for both
experiments (PISA1 and PISA2). A non-linear evolution of In([M]/[M];) versus time that displays two-
time domains is observed as typically reported in PISA of HPMA.3 % Briefly, in the first domain (up to
3.5min for PISA1 and 5min for PISA2), the reaction medium remained homogeneous and monophasic
revealing a modest growth of PHPMA grafts that resulted in the formation of water-soluble copolymers.
The turbidity observed from 3.5min (PISA1) and 5min (PISA2), called onset of self-assembly time,
indicates that PHPMA grafts have reached their water-soluble critical size (X=36 and X=105

8
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respectively) and became hydrophobic. This led to the formation of amphiphilic copolymers that self-

assembled in situ into nano-objects. The delay in turbidity observed in PISA2 (up to X=105) is explained

by the presence of a large quantity of HPMA that maintains the solubility of the PHPMA grafts in the

medium up to high degree of polymerization compared to X=36 observed in PISA1. In the second domain

(from 3.5 to 9min for PISA1 and from 5 to 16min for PISA2) the dispersion became progressively

heterogeneous and opaque involving an increase of the slop of the linear evolution of In([M]y/[M];) with

time. This specific kinetic profile is attributed to the diffusion of residual HPMA monomers into nano-

objects resulting in an increase of the local monomer concentration and thus an acceleration of the

polymerization rate. Note that while the dispersion remains fluid up to full monomer conversion in case

of PISAI, a gel than a solid were formed in case of PISA2 revealing the probable formation of cylinder-

like structures.

PISA1: Photo-RAFT PISA targeting X=100
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PISA2: Photo-RAFT PISA targeting X=500
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Figure 1. Photo-RAFT PISA of HPMA from DexCTA |, using formulation at 10% w/w targeting: Dex-

g'2-PHPMA | copolymers for PISA1 and Dex-g!>-PHPMA 5, copolymers for PISA2. A and B) visual

appearance, and C and D) kinetic polymerization
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All aliquots sampled during PISA1 and PISA2 were lyophilized then analyzed by size exclusion
chromatography (SEC) in DMSO/NaNOj; at 70°C (Figure S3). The aliquots in the gel/solid state
(samples: 10, 11, 12 and 13 of PISA2) were not characterized by SEC because copolymers formed some

aggregates in the eluent, probably due to the occurrence of coupling reactions at high monomers

conversion. As shown in Table 1, the number average molar masses (M;*F) were relatively close to the

theoretical ones (M—,tlh) and increased progressively with the monomer conversion (Figure S3), confirming
the growth of the PHPMA grafts from dextran backbone during the photo-RAFT PISA. The relatively
high dispersity (D > 1.4) may be attributed both to the relatively high dispersity of dextran and to the
nonuniform distribution of CTA groups on the DexCTA |, backbone leading to nonuniform distribution

of PHPMA grafts on dextran backbone in the copolymer.

To get primary information on the nano-objects formed in situ, aliquots extracted in the fluid state (up
to X=92 for PISA1 and 370 for PISA2) were first characterized by DLS to estimate the Z-average
hydrodynamic radius (Ry) (Table 1). For PISA1, it was not possible to determine the size of the first
intermediate structure at the onset of self-assembly time (X=36), probably due to the very small size of
the nano-objects formed. However, when graft size reached 45 HPMA units after 30s of irradiation, one
can observe formation of intermediate structures of 34nm radius that grow to 43nm at X=92. The size of
such final nano-objects is in agreement with the one previously reported by us for ULV observed at
X=100.#> On the other hand, for PISA2, well-defined intermediate structures of close radii (Ry=40 to
45nm) were formed from the onset of self-assembly (X=105 to X=270). These sizes are close to ones
observed for PISA1. One can wonder if the intermediate structures formed during PISA1 and PISA2 have
a similar morphology. Sample extracted at 9.5min and 1 1min of irradiation (X=345 and 370 respectively)

exhibit significant higher Ry revealing a probable morphology transition during the PISA process.

10
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Table 1. Characteristics of intermediate structures withdrawn during the Photo-RAFT PISA of HPMA
from DexCTA |, at 10% w/w using formulation targeting: Dex-g!>-PHPMA o, copolymers for PISA1 and

Dex-g!2-PHPMA 5y copolymers for PISA2.

: exp [c Vth d [e] [f] [e]
Entry  Aliquot Tlrpe Coon[zl] Xl Mz 1 My plel Ry PDIlel Rrem Teryorm
(min) (%) (kg/mol)  (kg/mol) (nm) (nm) (nm)
I 1.0 15 15 47 59 1.36
Hydrophilic copolymers
I 2.5 27 27 58 78 1.61
11 3.5 36 36 73 94 1.69 - 0.52 96+14
VI 4.0 45 45 92 109 1.72 34 0.46 26.3+8.5
PISA1
\Y% 4.5 51 51 110 123 1.78 33 0.34 37.7+13
VI 5.0 58 58 122 132 1.80 43 0.15 35315 134+2
VI 7.5 85 85 151 178 1.87 42 0.14 344+10 17+24
VIII 9.0 92 92 170 190 1.90 43 0.17 35811  20+£2.6
1 1.0 4.6 23 46 71 1.34
2 2.0 8.2 41 65 103 1.38
Hydrophilic copolymers
3 3.0 104 52 100 122 1.44
4 4.0 14.9 74 200 161 1.50
PISA2 5 5.0 21.0 105 230 213 1.59 40 0.15 63+ 17 19+2
6 7.0 42.0 210 390 395 1.68 41 0.04 58+8 32+5
7 8.0 547 270 440 500 1,72 45 0.04 61+13 41 +£8
8 9.5 69.0 345 600 628 1.80 70 0.09 73 £20 45+ 10
9 11.0 740 370 800 672 1.90 99 0.20 103 £57 -

[a] Monomers conversion estimated by "H NMR analysis in DMSO-d¢ (Figure S1 and S2). [b] number

HPMA
average degree of polymerization of each PHPMA graft estimated by the following equation: X = [[CT A]jo

X conv. [c] Number average molecular weight and dispersity estimated by SEC analysis in

DMSO/NaNOs; at 70 °C. [d] Theoretical number average molecular weight estimated by the following

X X Mupma

equation: M* = . [e] Hydrodynamic radius and polydispersity index obtained from DLS

" XX Mypma + Mpexcra

11

ACS Paragon Plus Environment



oNOYTULT D WN =

Submitted to Macromolecules Page 12 of 21

analysis. [f] Average radius of 100 nano-objects from TEM images. [g] Average membrane thickness of

100 vesicles from cryoEM images.

TEM and cryoEM techniques were used to get deep information on such intermediate structures.
Figures 2 and 3 show images of aliquots during the PISA1 and PISA2 respectively. Additional images
and statistical size analysis are available in Figures S4—S7. For PISA1 targeting a small grafts size
(X=100), the first intermediate structures observed by TEM (Figure 2) at the onset of self-assembly
(X=36) correspond to very small spherical micelles (S) in agreement with DLS analysis. Extending the
grafts size to X= 45 induces a cooperative spheres-spheres fusion forming short worm-like micelles
(WLM) composed of dimer or trimer micelles. We assume that spheres-spheres fusion is facilitated by
the unreacted HPMA monomers that solvate the small PHPMA grafts.? Note that at this time, nano-objects
were barely detected by cryoEM due to the small size of S and WLM. At X=51, TEM shows the
coexistence of WLMs and their aggregates forming a spherical shape. On the other hand, cryoEM shows
the presence of an incomplete bilayer in the shape of a ‘jellyfish’ (J) (hemispherical vesicle bearing WLM).
This latter is suspected to be the key intermediate structure between WLMs and unilamellar vesicles
(ULVs) as previously observed by Armes and coll.? for diblock copolymers. By adding only 7 HPMA
monomer units in average for each graft (X=58), a complete closure of the ‘jellyfish (J)’ membrane has
occurred leading to the formation of ULV. Finally, increasing the graft size to X= 85 and 92 induced the
extension of the ULV membrane thickness (from 13 nm at X=58 to 20 nm at X=92) as judged by cryoEM.
We assume that this extension of the membrane follows an inward pathway?3 3647 as the average radius
of vesicles remained close to one estimated at the appearance of the ULV at X=58 (Table 1). Although
the mechanism proposed in Figure 2¢ was previously described for diblock copolymers, it provides
strong evidence demonstrating that graft copolymers bearing short grafts length follow similar pathway

to form vesicles in water.

12

ACS Paragon Plus Environment



Page 13 of 21 Submitted to Macromolecules

oNOYTULT D WN =

92
3l6 4I5 5I1 5? 8I5 { X:
3 .‘ _ . . : . t,v=4min =4. . _ A ] . .
[l e R e B G, : YR < 4 A
— e i et 0 A YT TS A
'. a4l 7o s Y *"“(lﬁ ,\1-.
; 7 ‘ S b . 4 e v 580 ) & ‘54.!
w
o
>
S
O
a
= = =21 [HPMA],
| I I |
- 0.39 0.34 0.25 o 1 0. 05 (mM)
9 g Spheres Complete closure Inward membrane
a ‘s fusion ‘ aggregatlon* of the membrane ' extension .
% ]
i =
>
a9 (WLM) ULV uLy
S E

Figure 2. Intermediate structures withdrawn during the photo-RAFT PISA of HPMA from DexCTA; at
10% w/w targeting X=100 at full monomer conversion. a) TEM images, b) cryoEM images and c)
suggested nano-objects evolution leading to the formation of ULV morphology. S: sphere, WLM: worm-
like micelle, J: jellyfish, ULV: unilamellar vesicle. [HPMA]r is the residual HPMA concentration in the

medium estimated from the monomers conversion.

In the case of PISA2 targeting longer grafts size (X=500), TEM images (Figure 3) reveal the formation
of an unprecedented intermediate structure from the onset of copolymers self-assembly at X=105,
composing of a clear membrane of 19nm surrounding multiple dark cores. We called this structure ‘multi-

compartment vesicles, MCV’.

It is well known that in TEM, samples can be stained with an aqueous solution of heavy metals in order
to increase amplitude contrast in the image. In our case, samples were stained with 2% w/v aqueous
solution of uranyl acetate that scatters electrons and appears as a dark area. Thus, the hydrophobic

PHPMA grafts constitute the clear membrane while the dark areas are the aqueous domains. The multi-

13
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compartment morphology is also clearly visible by cryoEM, which enables observation of nano-objects
in their hydrated state. Note that the membrane appears dark in the cryoEM images since there is almost

no amplitude contrast, because electrons interact very weakly with the light atoms of the specimen.

1?5 2}0 2l70 315 3I70 X‘

a) TEM

LARRE ‘
y A-'_‘ h "5!
p . -
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) E |

=
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g ~
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= € (MCV) Inward membrane (T™MCV)
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Figure 3. Intermediate structures withdrawn during the photo-RAFT PISA of HPMA from DexCTA; at

10% w/w targeting X=500 at full monomer conversion. a) TEM images, b) cryoEM images and c)
suggested nano-objects evolution leading to the formation of LCNs. MCV: multi-compartment vesicle,
TMCYV: thick-membrane multi-compartment vesicle, LCN: large compound nano-object. [HPMA], is the

residual HPMA concentration in the medium estimated from the monomers conversion.
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The multi-compartment morphology of the MCVs were visualized by the electron cryotomography
(ECT) as judged by the video 1 available in the supporting information. In ECT, a frozen-hydrated sample
is progressively tilted using a goniometer to different angles relative to the electron beam by an increment
of 2° up to negative 60° and to positive 60°. Thus, different images were collected producing a tilt-series
images that were aligned and process to extract the 3D structure of the MCVs (video 1). The formation
of this unprecedented morphology could be explained by the insolubility of dextran in HPMA (Figure
S8). The high concentration of the local residual HPMA ([HPMA],, Figure 3), which enables
solubilization of the PHPMA grafts during the PISA process, may induces a local phase separation with
dextran leading to the formation of multiple aqueous domains in MCVs. To the best of our knowledge
such intermediate structure has been never observed with others hydrophilic stabilizer such as
poly(ethylene oxide),?> %8 which is one of the most used polymers in PISA. This could be explained by

the solubility of PEO in HPMA as judged in Figure S8.

Progressive extending of the grafts size to X=210 and 270, induces growing of the membrane to 41nm
without changing the shape and the size of the MCVs (Table 1). This suggests an inward growing of the
membrane rather than an outward growing pathway. At X=345, MCVs become bigger with a larger
membrane and barely noticeable aqueous cores. We called this intermediate morphology ‘thick-
membrane multi-compartment vesicle’ (TMCV). Adding just 25 HPMA units to reach X=370 results in
the generation of ‘large compound nano-object’ (LCN) as shown in TEM and cryoEM images. This
structure appears as a superposing of several spheres, suggesting that it is formed according to a
cooperative TMCV-TMCYV fusion rather than an inward growing as suggested in the mechanism depicted

in Figure 3c.
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CONCLUSIONS.

In summary, Dex-g!>-PHPMAx has been used as model to investigate the morphology evolution of
graft copolymers during photo-RAFT PISA. Careful monitoring of the extracted samples at progressive
monomers conversion revealed that copolymers of short grafts (X=100) formed ULV according to a
mechanistic route similar to one reported for diblock copolymers. On the other hand, we have assumed
that large compound nano-objects (LCNs) of cylindrical/spherical shapes, that were strangely formed
when targeting longer grafts (X=500), resulted from an inter-fusion of ULVs. Our investigation revealed
another mechanistic pathway and notably two interesting findings. Firstly, the absence of ULVs in all
extracted samples in PISA targeting long graft size demonstrates that ULVs are not intermediate
structures in the formation of LCNs. Secondly, the observation of novel nano-objects morphology
composed of a membrane surrounding multiple hydrophilic cores, called multi-compartment vesicle
(MCV), at early stage of self-assembly that were progressively grown and fused to form LCNs. The
formation of this unprecedented structure was attributed to the local phase separation of dextran and
PHMPA/HPMA leading to aqueous phase domains. The present investigation demonstrates that diagram
of morphology, which is depicted from morphology at full monomer conversion, is not the best

methodology to describe the mechanistic route of the nano-objects in PISA.
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