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Abstract

Block copolymers comprising chemically different comblike or bottlebrush blocks can self-assemble in selective solvents
giving rise to spherical or wormlike micelles or to polymersomes. The self-consistent field theoretical framework is used for
predicting relation between the set of architectural parameters of the blocks (polymerization degrees of the main and side
chains, density of grafting of the side chains to the backbone) and structural properties and morphology of the self-assembled
aggregates. In particular, it is demonstrated that replacing linear blocks by architecturally symmetrical bottlebrush ones
allows tuning the morphology of the self-assembled solution nanostructures.

Keywords Bottlebrush block copolymers - Self-assembly - Colloidal nanostructures - Self-consistent field theory

Introduction

Self-assembly of block copolymers in selective solvents
gives rise to diverse nanostructures and represents one of
foundations of modern nano- and biomedical technologies
[1-5]. Combinations of chemically different blocks with
antagonistic properties enable obtaining colloidally stable
polymeric nanoparticles with almost unlimited diversity of
properties that provides a basis for fabricating smart nan-
odevices operating in organic or aqueous media and tailored
for performing specific functions. Smart nanocontainers
for active substances with programmed uptake and release
profiles, templates of nanoelectronic devices or nano- and
mesoporous hybrid materials, micellar catalysis, colloidal
(bio)nanoreactors, etc. are the examples. In the past decades
nanosctructures of amphiphilic block copolymers are most
actively explored in medicine for anticancer drug and gene
delivery purposes [1, 6-8].

Up to now the experimental research focused mostly on
exploring and widening the spectrum of chemically different
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constituent blocks of the copolymers. Only recently it was
realized that architectural control over topology of the blocks
offers an alternative dimension in the molecular design. That
is, replacing linear blocks by regularly branched ones ena-
bles fine tuning of the properties of the aggregates without
changing chemistry provided that there is reliable control
over the blocks architecture.

Furthermore, using branched soluble blocks one can
introduce new functionalities which were unattainable for
nanoaggregates formed upon self-assembly of linear block
copolymers: For example, functionalization of corona
hydrophilic blocks with targeted ligands enables exploiting
biorecognition mechanisms and thus assuring targeted deliv-
ery of drug to specific tissues or cells. In this direction, self-
assembly of block copolymers comprising dendritic soluble
blocks [9-13] that could substantially increase the number
of potentially functionalizable terminal groups exposed to
the environment were actively explored. It was demonstrated
that complexes of siRNA with nanoassemblies of hydropho-
bically modified cationic dendrimers were highly efficient
in gene therapy [14-16].

While block copolymers with dendritic blocks are synthet-
ically demanding, in many aspects they can be replaced by
much more robust comblike and bottlebrush copolymers that
possess similar properties (e.g., large number of potentially
functionalizable terminal groups in both soluble and insolu-
ble blocks) as dendritic block copolymers. The bottlebrush
(co)polymers can be synthesized using one of the elaborated
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procedures (grafting to, from, through), which allows con-
trolled variation of the overall molecular mass and degree
of branching (grafting density and polymerization degree of
side chains) [17]. Furthermore, assembly of triblock copoly-
mers with soluble central bottlebrush block and insoluble
(associating) terminal blocks gives rise to “haired mesogels”
with unusual (biomimetic) and on demand adjustable through
varied molecular architecture mechanical properties [18-20].

Theory of self-assembly of linear diblock copolymers in
selective solvents [21-28] was well elaborated in the past dec-
ades and enabled one to predict structural properties, includ-
ing polymorphism of resulting nanoaggregates as a function
of the copolymer composition (polymerization degrees of
the blocks) and their solubility parameters. As soon as the
solubility can be tuned by varying environmental conditions,
in particular for ionic and thermosensitive polymers, theory
provided also rational basis for encoding stimuli-responsive
properties for the block copolymer nanostructures [27].

Recently we have developed a self-consistent field ana-
lytical framework in the strong segregation limit for general-
izing theory of self-assembly of linear block copolymers to
diblock copolymers with regularly, in particular, dendriti-
cally branched blocks [29, 30]. The theory predicted how
dendronization of one or both (soluble and insoluble) blocks
affects structural properties (aggregation number, overall
dimensions) and morphology of the nanoaggregates. The
developed approach was further extended for predicting
properties of spherical micelles formed by comb-shaped
or bottlebrush block copolymers, and analysis of so-called
bottlebrush to miktoarm transition [31]. The self-consistent
field approach was complemented by scaling theory [32]
which accounted for effects of local stiffening of the densely
grafted bottlebrush blocks.

The goal of the present paper is to go beyond most simple
spherical micellar structures and to explore polymorphism
of the nanoaggregates formed upon assembly of bottlebrush
block copolymers in dilute solutions, that is, to predict how
the morphology of the nanostructures can be controlled
through tuning polymerization degree of the main and side
chains and their grafting densities in the constituent blocks.

The rest of the paper is organized as follows: in “Model
and method” we present the model of the bottlebrush block
copolymers and outline the self-consistent field formal-
ism. In “Results and discussion” we revise self-consistent
theory of spherical micelles formed by bottlebrush block
copolymers with the account of finite extensibility of the
main chains of the core-forming blocks. Morphological
phase diagrams for the nanostructures of the bottlebrush
block copolymers are constructed in “Polymorphism of the
bottlebrush block copolymer aggregates”. The conclusions
are summarized in “Conclusions”. Detailed description of
the employed self-consistent field theoretical approach is
presented as Supporting Information.
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Model and method

We consider diblock copolymers comprising two chemically
different bottlebrush blocks in selective solvent (Fig. 1).
Block A has total degree of polymerization (DP) N,, the DP
of the main chain M, DPs of side chains n, and number of
monomers in a spacer separating two neighboring grafting
points m,. The set of architectural parameters for the block
A will be abbreviated as {M ,;n,;m, }. Block B with total DP
Ny is characterized by the corresponding set of parameters
{Mpy:ng;mg}. Evidently, ny = 0 or nz = 0 correspond to lin-
ear respective blocks. The DPs of the blocks are expressed
through the sets of architectural parameters as

Ny p
Nyp=M,p(1+—) (1
my p

Here the main and the side chains of both blocks are
assumed to be intrinsically flexible, that is, the monomer
unit size a (the same for both blocks) is on the order of the
Kuhn segment length. The solvent is assumed to be poor for
monomer units of blocks B and moderately good for mono-
mer units of blocks A. The excluded volume parameter for
monomer units of the blocks A is va® = a.

Self-assembly of such copolymers in dilute solution
gives rise to spherical or cylindrical (wormlike) micelles
or polymersomes (the latter are thermodynamically
equivalent to planar lamellar structures). The condensed
cores of the micelles are formed by solvophobic B-blocks

n, M,

m,

Fig. 1 Bottlebrush block copolymer and diverse solution nanostructures
formed in selective solvent good for the block A and poor for the block B
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and stabilized by solvated coronae formed by solvophilic
blocks A. In the following we assume that the core-corona
interface is narrow compared to the dimensions of both
core and corona domains (strong segregation limit). As
a result, the corona domains can be envisioned as swol-
len brushes formed by blocks A tethered to the surface of
the core whereas the blocks B form a dry brush tethered
to inner side of the core-corona interface. Both A and B
blocks are stretched with respect to their unperturbed
(swollen or collapsed, respectively) dimensions in the
direction perpendicular to the core-corona interface that
enables minimizing unfavorable contacts of B-monomer
units with surrounding solvent.

In order to distinguish block copolymer aggregates of
different morphologies we ascribe index i = 1 to polymer-
somes (lamellae), i = 2 to cylindrical and i = 3 to spherical
micelles, respectively. The dense packing of blocks B in the
core leads to the relation between the core-corona interface
area s per block copolymer and the size R of the core domain
(that is, the radius of spherical or cylindrical core or half-
thickness of quasi-planar B-domain in lamellae)

iNga® .
s = , 1= 1,2,3 (2)

where ¢ is the volume fraction of monomer units B in the core.

Below we employ the strong-stretching self-consistent
field approximation for calculating thermodynamic and
structural properties of the corona and core domains. For
that we introduce so-called topological ratios 7,4, #z wWhich
quantify a relative increase in the conformational free energy
penalty for the stretching of A and B bottlebrush blocks in
the corona and core domains, respectively, as compared
to the conformational free energy of the respective linear
blocks with the same DPs. As demonstrated in ref [33], for
bottlebrushes with sufficiently long backbones,
Map )2

mp~(+ (3)

my g
that implies propagation of the elastic stress predominantly
through the backbone in the stretched bottlebrush. As fol-
lows from Egs. 1 and 3, the relation between total DP N, p
and the DP of the backbone M, 3 for a long molecular brush
can be expressed as

Naip = Mypny g @)

For deriving equilibrium structural properties of the
block copolymer aggregates with different morphologies
(i=1,2,3) we employ procedure of minimization of the
free energy (per block copolymer molecule)

FO=fF0 4+ F"

corona

+F® )

interface core

where the respective terms account for the free energy of the
soluble block A in the corona, F.,,,,, the free energy of the
core-corona interface, Fj, .z, and the free energy of the
stretched insoluble block B in the core, F,,,,. While the term
fl?lerface = ys is simply proportional to the area s of the core-
corona interface per block copolymer (yk;T being the cor-
responding surface tension coefficient), the contributions
FO  and FY are calculated using previously developed
analytical self-consistent field method. The details of these
calculations are presented in the Supporting Information.
As demonstrated in refs [26—28], the driving force for
morphological transition in block copolymer aggregates
is the gain conformational entropy of the core-forming
insoluble blocks which is counterbalanced by increas-
ing excluded volume repulsions in the swollen corona
domains. The ranges of thermodynamic stability of aggre-
gates with morphologies i and i + 1 (i = 1, 2) are separated

by binodal lines defined by the condition
FO — pG+D) 6)

that can be specified as soon as free energies F® of the
aggregates with different morphologies i are known.

Results and discussion
Spherical micelles

Structural properties of spherical starlike, D>>R, and crew-
cut R>»D, micelles formed by bottlebrush block copolymers
were discussed in details in our previous paper, with the
major emphasis on the transition between bottlebrush or
miktoarm star conformations of the soluble blocks. Here D
is the thickness of the solvated corona formed by A-blocks.

As has been recently predicted by means of scaling
arguments [32], because of large volume occupied by
insoluble bottlebrush block in the collapsed core domain,
the block copolymers with bottlebrush insoluble blocks
may form micelles where insoluble blocks are fully
stretched. Here we employ mean-field approximation for
delineating the ranges of stability and structural properties
of the spherical micelles with partially or fully stretched
core-forming bottlebrush blocks.

Asymptotic dependences for equilibrium parameters
of spherical micelles

The asymptotic power law dependences for equilibrium prop-
erties of starlike, D > R, and crew-cut, D < R, spherical
micelles can be derived by keeping only the dominant terms
in the free energy and neglecting the contribution of confor-
mational entropy of the core-forming blocks.

@ Springer
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The corona thickness D and the core radius R are given by

W“(M e )2/11M6/11 /1y 4/11 4/11 . R<D

D/a= 1/5M4/5 15y 4/5 R>D
(N
N My ) dp) N (v2M )11y 14/11 8/11 . R<D
R/a = 3/5 3/5 _2/5 2 8 5
(Mg/pp)M, Mgy s R>D
®)
respectively, while the aggregation number p = (47R>¢z) /(3N;)

is given by
15/11(MB/¢B)10/11(V2MA)_3/11’720/11’7;24/“’ R<«D
My vl M 2, R> D

pz{7
14
)

The boundary between regions of starlike and crew-cut
micelles can be derived from the condition R = D, that is,
the micelles become crew-cut at

_ 7/5. —2 12/5
(My/¢p) 2 y 20 oM P2 2 (10)
As follows from Eq. 8, the starlike micellar core radius, is
smaller than the contour length of the main chain of the
core-forming B-block, R < My, as long as My > M;, where

* o~ 054 g =T[4 —1/29~1/4 T/2 _2

MBzy/d)B 1 /MA Ny M, (11
When My < My, the core radius reaches the limit of exten-
sibility of the main chain of B-blocks and, upon further

decrease in M the main chains of the B-blocks remain fully
stretched and R/a = M. This imposes new scaling relations

Fig.2 Schematic diagram of
states of spherical micelles
formed by diblock copolymers
with two bottlebrush blocks
in logarlthmlc M, My coor—
dinates at 1, ‘x np <K r]A

1y = (1 +ny/my)/? and

MB

for structural properties of the micelles, i.e., for the aggrega-
tion number

. My
== (12)
B
and for the corona thickness
M3/5M2/5 1/5 1/5 -2/5 4/5’ R<D
Dja = s a (13)

1/3¢1/3 —2/3 4 3’ R>D

In Fig. 2 we present a scaling-type diagram of states in
(M,, Mg) coordinates with delineated regimes of ther-
modynamic stability of spherical starlike and crew-cut
micelles which includes also subregimes of micelles with
fully stretched main chain in the core-forming blocks.
Equations for the boundaries between different regimes
and sub-regimes are presented near the lines. At these
boundaries smooth crossover for the structural and ther-
modynamic properties of the micelles in neighboring
regions occurs. The regions of stability of the crew-cut
micelles merge with the regions of stability of other mor-
phologies marked by shaded areas. At#, = 5 = 1the dia-
gram is reduced to that for linear-linear diblock copoly-
mers (marked by dashed lines), whereas an increase in 7,
and in 775 beyond unity corresponds to increase in the DPs
of the side chains or/and increase in the density of their
grafting in the respective blocks. As follows from Eq. 11,
at constant M, and My the transition to core-stretched
micelles can be triggered by either an increase in 7 or a
decrease in 74.

8/s
, My =M,

/
/

/ 8/5 _-3__18/5
sy My =M_"nn,

g = (1 + ng/mpg)'/? are the other :M;/S
topological ratios for the respec- morphologies
tive blocks. Green dashed lines
indicate corresponding diagram =M Zl/ 5773 77/142/ 5
for micelles of linear-linear
(n4 = ng = 1) diblock copoly-
mers. Equations for boundaries ,7;/ ‘,7;2/ ERP S g
between different regimes are crew- CUt 4 .

; starlike
presented near the lines, ¢, v, y core-, /
are set tf) unity. The cross—sect.ion stret;hed . Va9
of the diagram by dashed vertical M 83,43 4, T ) M M My 77A
arrow corresponds to variation =5 14
of Mp at constant M, in Fig. 3 . -

/ \ 10/3 —8/3 M 4
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In Fig. 3a and b we present schematically dependence of
micelle core radius R and the aggregation number p on M,
for the cases of 7, = 5z = 1 (linear-linear block copolymer)
and for M, > y¢;5/3 v 11;30/3 11/:8/3, when an increase in Mp

triggers transitions from core-stretched starlike to conven-
tional starlike and further to crew-cut micelles.

Polymorphism of the bottlebrush block
copolymer aggregates

While for aggregates of linear block copolymers the morpho-
logical transitions from spherical to cylindrical micelles and
to polymersomes occur (at constant environmental conditions)
when the DPs of the soluble, N, and insoluble, g, blocks are
varied, for bottlebrush block copolymers such transitions can

Fig.3 Schematic depend- (a)
ence of the core radius R (a)
and aggregation number p R

(b) in spherical micelles on

M in different regimes of the
diagram of states, correspond-
ing to cross-section by the red
dashed arrow in Fig. 2. Green
lines correspond to micelles of
linear-linear block copolymers.
Asymptotic power law expres-
sions for R and p are presented
near the curves

core-
stretched

unimers
\Q

be triggered by changing in the DPs or/and grafting density
of the side chains even at constant overall DPs of the blocks.
Hence, one can employ topological control over morphology
of the block copolymer solution nanostructures.

As one can see from Fig. 4, an increase in the degree of
branching of the soluble block A at constant architectural
parameters {Mpy, ng, my} of the insoluble block B leads
to extension of the stability range of spherical micelles,
shift of the stability range of wormlike micelles to smaller
N,,M, and shrinkage of the range of stability of polym-
ersomes. This effect is more pronounced if the polymeri-
zation degree ny of the side chains increases at constant
polymerization degree M, of the main chain in the block
A (that is, accompanied by at increase in the total polym-
erization degree N, of the block A, Fig. 4b). However, the
same though weaker trend is observed when moderately

R ~MBM;3;’5773277;8/5

(b)

22 £-9/5 4 —24/5
/p~MBMA 21 4
X
s\:G"
<
&
“‘Star\‘\%
10/11 =3/11, 20/, -24/11
p~M," My,
-~
,/ core-
/ stretche
/:_—/
M M52 M,
B 4 M 714
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NA Coronablock:

Forallm, =10

Lz Core block:

2 Forall

0 200 400

Fig.4 Morphological diagram of states in (N4, Np) (a) and in (M, M)
(b) coordinates at varied polymerization degree n, of side chains in the
soluble block A, as indicated in the figure, and constant architectural
parameters {ngy = 10,mgz = 10} of the branched insoluble block B.

branched block A is replaced by the stronger branched one
with the same total polymerization degree N,, that is, at
increase in the polymerization degree n, of the side chains
leads to a concomitant decrease in M, and the number
P, of the side chains in the soluble block (Fig. 4a). The
extension of the stability range of spherical micelles upon
an increase in the branching density n, /m, in the soluble
bottlebrush block A can be attributed to enhanced excluded

350
Core block:
NA

Forallmg = 10 P

ng =10
250 | B

200

150

100

50

Fig.5 Morphological diagram of states in (N, N) (a) and in (M, M)
(b) coordinates at varied polymerization degree ny of side chains in the
insoluble block B, as indicated in the figure, and constant architectural
parameters {n, = 10,m, = 10} of the branched soluble block A. Blue
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Blue lines denote binodals for spherical-to-wormlike micelles transi-
tions, red lines denote binodals for wormlike micelles-to-polymersomes
transitions. Solid lines correspond to linear-linear block copolymers
withn, /m, = ng/mg =0

volume repulsions between solvated branched blocks as
compared to linear (or weakly branched) ones.

The opposite effect on the morphology of the self-
assembled structures is caused by an increase in the degree
of branching of the insoluble bottlebrush block B at con-
stant parameters {M,, n,,m,} of the soluble block A, as
demonstrated by Fig. 5: an increase in ny either at constant
Ny or at constant My, leads to shrinkage of the stability

160

120 /

0 1 1 1 J
0 50 100 150 MB 200

lines denote binodals for spherical-to-wormlike micelles transitions,
red lines denote binodals for wormlike micelles-to-polymersomes tran-
sitions. Solid lines correspond to linear-linear block copolymers with

ny/my =ng/my =0
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range of spherical micelles, extension of the stability range
of polymersomes and shift of the stability range of worm-
like micelles to larger N,. These changes in the diagram
are explained by an increase in the conformational entropy
penalty for stretching of the insoluble B-block upon an
increase in ny at constant My due to concomitant increase
in the core radius, or due to a decrease in the elastic path
length ~ My upon an increase in ng at constant Ng. In the
latter case the shift of the boundaries between stability
ranges of different morphologies is more pronounced.

In Figs. 6 and 7 we present morphological diagrams of
states for bottlebrush block copolymers where branching
parameter ny /my = ng/mg = nfw — 1lis the same for both
blocks. As a particular case, this corresponds to equal DP
of the side chains, n, = nyz and equal grafting densities in
both blocks, m, = my.

As one can see in Figs. 6 and 7, an equal increase in n/m in
both blocks provokes qualitatively different evolution of the mor-
phology of the nanoaggregates depending on whether total DPs
of the blocks, N, N or DPs of the main chains, M 4, M ; are kept
constant. In both cases 7, = 5 = 1 (or ny /m, = ng/my = 0)
corresponds to linear-linear block copolymer, corresponding
binodals are plotted in Figs. 6 and 7 by solid lines.

An increase in n, /m, = ng/my at constant DPs M, and
M, of the main chains (Fig. 6) implies growing of the total
DPs of the blocks (see Eq. 1) and is accompanied by the shift
of the boundaries between morphologies towards smaller M,
and extension of the stability range of spherical micelles on
the expence of shrinkage of the stability range of polymer-
somes. This effect is due to increasing strength of repulsive

60

M,
s0 |

Linear chains Nyg = My g

nA/mA ="z

40 my _m
‘A

30

20

10

0 L L L )
0 50 100 150 Mp 200

Fig. 6 Morphological diagram of states in (M,, Mp) coordinates at
varied symmetric branching of the both blocks. Blue lines denote
binodals for spherical-to-wormlike micelles transitions, red lines
denote binodals for wormlike micelles-to-polymersomes transitions.
The corresponding values of n,/m, = ng/my are indicated near the
curves; solid lines correspond to linear-linear block copolymers with

ny/my =ng/my =0

250
No | P
Linear chains P
200 | - L
nA/mA - ng/mB =5  mm——— P P -~ ‘/_‘_
My ="y =10 — = T T
150 r
100 r
50 F
0 . L L . L
0 200 400 600 800 Ne 1000

Fig.7 Morphological diagram of states in (N,,Ny) coordinates at
varied symmetric branching of the both blocks. Blue lines denote
binodals for spherical-to-wormlike micelles transitions, red lines
denote binodals for wormlike micelles-to-polymersomes transitions.
The corresponding values of n, /m, = ng/mg are indicated near the
curves; solid lines correspond to linear-linear block copolymers with
ny/my =ng/mg =0

interactions between bottlebrush soluble blocks with multiple
side chains compared to that for linear ones.

On the contrary, an increase in ny /m, = ng/mg at constant
overall DPs N, and N of the blocks (Fig. 7) implies a simulta-
neous decrease in the DPs M, and M; of the main chains of the
blocks and leads to the opposite effect, that is, extension of the
stability range of polymersomes and corresponding shrinkage
of the range of stability of spherical micelles. This effect is due
to increasing entropic penalty for stretching of the main chains
of insoluble bottlebrush blocks in the cores of the aggregates.

The presented in Fig. 4, 5, 6, and 7 diagrams were obtained
using Eq. 6 and free energies calculated numerically for dif-
ferent morphologies using self-consistent field approximation
described in SI and without any pre-assumption concerning ratio
R/D between dimensions of the core and the corona domains.

An approximate analytical expression for the binodals can
be obtained (as explained in the SI) by assuming R/D > 1.
Since morphological transitions from spherical to wormlike
micelles and further to polymersomes are provoked by a con-
comitant decrease in the entropic penalty for the stretching of
the core-forming blocks, for linear block copolymers these
transitions occur at R/D >> 1, that is, in the crew-cut domain.
Assuming that this is the case for nanoaggregates of the bot-
tlebrush block copolymers and expanding the free energy of
the corona in powers of D/R up to linear terms, one arrives to
the following approximate expressions for the binodals:
N 3 3723

A [2(

=T TG+ DI + 1 - 20,1)1°
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5/8 y3/8 ny*
N/B,one Y 1B (14)
B 15/16 _1/4
P15/ ,1/
or, equivalently,
Mj:—»(i+1) [2(375 )6/5] 5/16{l(l+ DIG + 1)2 iZbi]}5/16.
15/8
38 n
5/8 —9/16 V" e
Mgy ¢ To/4 (15
N

For the analysis of the effect of variation of the side chains
lengths and grafting densities in both blocks, it is convenient
to present Egs. 14 and 15 as

8 —1/4

N1<—>(1+1) QN5/8 5/ n, (16)
or
io@i+1) 5/8 15/8 —/
MI=ED = o 35y 15/5- (17)
where
0 = [% 2/ )6/5] 5/16{l(l+ DG + 1)2 by _l2b]}5/16 —-9/16 ¢}’15/16
(18)

is a prefactor independent of architectural parameters M, p
and 7, p of the blocks, and notably 0, > Q.

By setting 1, =z = (1 + n/m)'/? one confirms the
trends in evolution of the binodals upon an increase in n/m
depicted in Figs. 6 and 7.

Evidently, asymmetric branching, that is, grafting of
side chains with different DPs and with different grafting
densities to the soluble and insoluble blocks also enables
tuning of the morphology of the bottlebrush block copoly-
mer aggregates: An increase in (n, /m,) at constant (ng/mp)
results in polymersome-wormlike-spherical micelle transi-
tion, while an increase in (nyz/my) at constant (n, /m,) leads
to the opposite sequence of morphological transitions.

Conclusions

Morphology of the solution nanostructures formed by bot-
tlebrush block copolymers in selective solvents can be tuned
through controlled variation of the DPs of side chains and
grafting density. Increasing branching parameter (n, /m,)
of the soluble blocks provokes stabilization of spherical
micelles, whereas increasing branching parameter (g /mp)
of the insoluble blocks leads to the opposite effect.
Introducing symmetric branching of both blocks
(ny/m, = ng/my) leads to extension of range of stability of
polymersomes and shrinkage of the stability range of spheri-
cal micelles as compared to linear block copolymers with

@ Springer

the same DPs of both blocks. However, if the DPs of the
main chains of the blocks are kept constant and grafting den-
sity or/and DP of the side chains increase, the effect is the
opposite: the spherical micelles are stabilized and the stabil-
ity range of polymersomes shrinks. Remarkably, as it was
demonstrated in ref [38], symmetric branching of strongly
incompatible blocks does not alter the morphology of micro-
phase segregated superstructures in solvent-free melts of
copolymers with comblike or bottlebrush blocks compared
to the superstructures formed by linear block copolymers
with similar DPs of the blocks.

We have also explored in detail novel features in spherical
micelles formed by bottlebrush block copolymers: Starlike
micelles with fully stretched core blocks are described. These
micelles are characterized by the exponents of the power law
dependences which differ from those for micelles formed by
linear block copolymers or bottlebrush block copolymers
with partially stretched main chains of the insoluble blocks.
Because of extra volume occupied by side chains of the insol-
uble block, the core radius (which depends only on the overall
DP of the insoluble block) is systematically larger than the
core radius in the micelle formed by copolymer with linear
insoluble block with the same DP as that of the main chain
in the bottlebrush block. As a result, the main chain of the
insoluble bottlebrush block reaches the limit of extensibil-
ity under the same conditions when a linear insoluble block
(without side chains) is still stretched below its contour length.

Glossary

a monomer unit length

D thickness of the swollen corona formed by blocks A

F Helmbholtz free energy

M, polymerization degrees of the main chains in A and
B blocks

N4 p polymerization degrees of side chains in A and B
blocks

My p polymerization degrees of spacers in A and B
blocks

N,,Np total degrees of polymerization of blocks A and B,
respectively

p aggregation number in a spherical micelle

R radius of the condensed core formed by insoluble
blocks B

s surface area of the micellar core per block
copolymer

va® excluded volume of a monomer unit in block A

ykgT  surface tension coefficient on the core-corona
interface

dp volume fraction of monomer units of the B-block
in the core

NAB topological ratios in A and B blocks
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