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ABSTRACT: Synthesis of densely grafted (co)polymer
brushes, including poly(tert-butyl acrylate) (PfBA), poly(tert-
butyl acrylate)-b-poly(styrene) (PtBA-b-PS), and poly(tert-
butyl acrylate)-b-poly(butyl acrylate) (PfBA-b-PBA), from 15.8
nm silica nanoparticles (NPs) via a surface-initiated simplified
electrochemically mediated atom transfer radical polymer-
ization (SI-seATRP) under constant potential electrolysis
conditions is reported for the first time. The rate of
polymerization was enhanced by applying more negative
potentials, which resulted in an increase in grafting density, up

to 0.93 nm™>. Furthermore, temporal control over the polymerization was achieved by adjustment of the applied potential. The
polymers showed narrow molecular weight distributions (D = 1.20—1.32), and polymer-grafted nanoparticles had excellent size
uniformity. Dispersions in suitable solvents were stable without any nanoparticle aggregation. Microstructures observed in thin
films of densely block copolymer tethered silica NPs suggested that the structure formation process is strongly influenced by the
conformation of tethered chains. Hence, microstructure formation in thin films of block copolymer brush particles in which the
first block is in the “stretched brush regime” was determined primarily by surface interactions rather than microphase separation.

B INTRODUCTION

Various silica nanoparticles (NPs) are commercially available
and are used in industrial applications, such as catalysis,
pigments, electronics, thin film substrates, electric and thermal
insulators, humidity sensors, pharmacy, and biomedical
approaches, such as drug delivery, bioimaging, sensing, and
therapeutics.'~* Tethering polymeric chains to the surface of
nanosized inorganic particles has emerged as a powerful
approach to stabilize NPs dispersions and “engineer” the
physicochemical properties of particles but also as a route
toward the synthesis of nanocomposite materials with new
functionalities.” "> Preparation of stable inorganic—organic
hybrid materials involves covalent binding of the polymer
chains to the nanoparticles. This can be achieved e.g. via a
grafting-onto approach, where polymer chains containing end-
functional groups are synthesized and subsequently attached to
the surface of the nanoparticles modified with complementary
functional groups. This method is typically limited by the slow
diffusion of polymer chains to the surface of the substrate and
by the steric hindrance of the tethering sites arising from
formation of random coils by the attached polymer chains.'*'®
Another technique, grafting-through, utilizes tethering units of a
polymerizable monomer to the surface of the nanoparticle.
Subsequently, the covalently attached monomer is copoly-
merized with a low molecular weight monomer present in the
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contacting solution, yielding tethered polymers.'> This method
is less common, since it typically results in lower grafting
densities. Finally, the grafting-from method involves two steps:
binding low molecular weight initiating groups to the surface of
the particle and subsequent formation of polymers.'® This is
commonly achieved via a reversible-deactivation radical
polymerization (RDRP) methods,'"'>'” although anionic
polymerization,'® ring-opening metathesis polymerization
(ROMP),"” or conventional radical polymerization”””' can
also be used. RDRP allows for simultaneous growth of all
chains affording high grafting densities and good control over
the physicochemical properties of polymer-tethered par-
ticles.””*’

RDRP methods most commonly used for grafting-from
include reversible addition—fragmentation chain transfer
(RAFT) polymerization,”* nitroxide-mediated polymerization
(NMP),” and atom transfer radical polymerization
(ATRP).""'5?° Surface-initiated ATRP (SI-ATRP) is one of
the most established approaches to form hybrid par-
ticles."”""'>'” It provides excellent control over architecture
and wide range of accessible chemistries and compositions of
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Scheme 1. Synthesis of PtBA-b-PS and PtBA-b-PBA Brushes from Silica Nanoparticles by seATRP
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radius can be adjusted via fine-tuning of the grafting density (¢)
and degree of polymerization (N) of the tethered chains. SI-
ATRP allows one to synthesize well-defined polymer brushes
with high grafting densities.'”""'>'7?>?32%2% A wide variety of
organic—inorganic hybrid materials, includin§ matrix-free
nanocomposites,”*>"" compatibilizing fillers,”” functional
additives,™™>° responsive particles,‘)’é’37 functional surfaces,*®*’
and membranes,”’~*’ were successfully prepared via SLATRP
in the past decade.

Recently, several ATRP techniques utilizing low ppm of
catalyst complex have emerged that possess broad capabilities
in preparation of polymeric materials."”*> This includes
activators regenerated by electron transfer (ARGET)
ATRP,*™** supplemental activator and reducing agent
(SARA) ATRP,”™°' initiators for continuous activator
regeneration (ICAR) ATRP,’>*® photochemically mediated
ATRP (photoATRP),”*> electrochemically mediated ATRP
(eATRP),**>* and metal-free ATRP.*”*° Most of these ATRP
techniques were successfully applied to grafting polymer
brushes from a range of surfaces of different shapes and
compositions.’”*' " The opportunity to harness the high level
of structural and compositional control that is facilitated by
ATRP at reduced Cu concentrations offers intriguing

4152

possibilities for the synthesis of hybrid materials. This is
because the presence of even small amounts of Cu impurities
could be detrimental to the physical properties of hybrid
materials (such as optical transparency, dielectric properties, or
photothermal stability) which are fundamental to their
application in advanced material technologies.

eATRP is of particular interest to the synthesis of functional
materials because it does not require the addition of reducing
agents (since electrons in this case are provided by an external
source). Parameters such as the applied current, applied
potential, and total charge passed can be defined in eATRP
to allow selection of the desired concentration of redox-active
catalytic species, therefore enhancing the level of control during
polymerization.”® eATRP can be even stopped and (re)initiated
on demand by modulating the applied potential, offering
convenient temporal control over the polymerization.’**®
Moreover, the procedure is tolerant to small amounts of
oxygen and allows a new approach to catalyst removal or
recycling via electrodeposition.”® eATRP has shown versatility
in synthesizing wide range of well-defined polymer architec-
tures,”>*® although some limitations remain, especially
associated with the reaction setup. Conventional eATRP
requires a three-electrode system composed of a working
(WE), a counter (CE), and a reference electrode (RE),
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Table 1. Summary of Homopolymer and Block Copolymer Brushes Grafted from Silica NPs“

[M]o/[1]o/ [Cu"Br]o/ me M, M,, dpoi  0F
entry monomer [TPMA], EZPPI’ IEL_I) (x 1091) 4 (x leSa ol (nm) (nm™2)

homopolymer brushes 1 tBA 1050/1"/0.105/0.21 0.239 512 49.8 118 126 +1 0.92
2 tBA 1050/1,'/0.105/0.21 E,. — 120 mV 0.348 58.7 64.5 1.29 147 £ 1 0.93

3 tBA 1050/1/0.105/0.21 E,. — 80 mV 0.286 54.9 60.3 121 137 £ 1 0.89

4 tBA 1050/1;1/0.105/0.21 E,. — 40 mV 0.236 48.5 574 1.32 135 +£1 0.88

s fBA 1050/1/0.105/021  E, 0.177 386 360 132 8+1 071

copolymer brushes 6 N 4000/1"/0.4/0.8 E,. — 80 mV 0.014 929 86.5 120 155 +1 0.88
7 BA 4000/17/0.4/0.8 E,. — 80 mV 0.023 108.0 98.1 121 19§ +1 0.70

“General reaction conditions: T = 55 °C; V,,, = 28.2 mL (except entry 1: V,, = 10 mL); t = 1.73 h (except entry 6: t = S h, entry 7: t = 4 h); [tBA],
= 3.4 M (except entry 6: [S]y = 4.3 M and entry 7: [BA], = 3.5 M); [1]: [SiO,-Br, & 1 Br/nm’], = 3.23 mM (except entry 6: [SiO,-g-PtBA-Br], =
1.08 M and entry 7: [SiO,-g-PtBA-Br], = 0.87 M); [TBAP] = 0.2 M (except entry 1: [TBAP] = 0.0 M). SARA ATRP (Cu’ wire (I =1 cm, d = 1 mm,
S/V'=0.033 cm™")): entry 1; seATRP under constant potential electrolysis (WE = Pt mesh, CE = Al wire (I = 10 cm, d = 1 mm), RE = Ag/Agl/I"):
entries 2—7. "Applied potential (E,pp) was selected based on cyclic voltammetry (CV) analysis of catalyst complex (Figure 1a, Figures S3a and S4a; v
=100 mV/s). “Monomer conversion was determined by 'H NMR.”* dMnyth = ([M]o/[1]o) X conversion X M onomer + Minitiator- -Apparent M and D
were determined from polymer chains untethered from NPs by HF etching using THF SEC with PS standards.fuIl’article size (d.,.) Was measured
by DLS. £Grafting density () was calculated from TGA inorganic fraction and eq S1. See Table S1 for details.”* I = $iO,-Br (for entries 1-5). 1=

SiO,-g-PtBA-Br indicated as entry 3 in Table 1 (for entries 6 and 7).

resulting in a somewhat complex experimental setup. More also characterized with dynamic light scattering (DLS) and
recently, a simplified electrochemically mediated ATRP transmission electron microscopy (TEM).
(seATRP) procedure was developed. This procedure does not Synthesis of PtBA Brushes from Silica NPs by SARA
require the separation of cathodic and anodic compartments in ATRP. Homopolymerization of tBA was also conducted via
the eATRP reaction system and utilizes a sacrificial counter SARA ATRP (Table 1, entry 1) as reference for the
electrode, thereby significantly simplifying the reaction electrochemically mediated polymerizations. An induction
system.””>**~7> One of the potential advantages of applying period was observed, which can be attributed to the necessity
seATRP to particle systems is the possibility to produce Cu-free to reduce a fraction of the added Cu"/L complex to a sufficient
hybrid materials for optical applications. Here we present for amount of Cu'/L activator (Figure Sla). Afterward, a linear
the first time grafting well-defined poly(tert-butyl acrylate) first-order kinetic plot was obtained. The MW of polymers
(PtBA), poly(tert-butyl acrylate)-b-poly(styrene) (PtBA-b-PS), detached from the particles correlated well with theoretical
and poly(tert-butyl acrylate)-b-poly(butyl acrylate) (PtBA-b- expectation and MWDs remained narrow (Figure S1b).
PBA) brushes from the surfaces of 15.8 nm silica nanoparticles Brushes with a grafting density of 20.92 nm 2 were obtained,
via seATRP (Scheme 1). The effect of applied potential on the which is comparable with those prepared by seATRP (Table 1,
polymerization behavior was examined in order to optimize entry 1 vs entries 2—5). SARA ATRP provides a viable route for
preparation of (co)polymer brushes with low dispersity (D = synthesis of hybrid nanoparticles. However, it has a drawback of
M,/M,). gradually introducing additional soluble Cu species into the
reaction mixture via supplemental activation of alkyl halides by
M RESULTS AND DISCUSSION Cu’ and comproportionation of Cu" with Cu’. It was reported
Silica NPs with average diameter (d) = 15.8 nm were modified that in aqueous SARA ATRP of oligo(ethylene oxide) methyl
by tethering 3-(chlorodimethylsilyl)propyl 2-bromo-2-methyl- ether acrylate (M, = 480) the amount of soluble Cu complexes
propionate initiators to their surface, as described in the gradually increased from initially added 100 ppm up to ~600
literature.”® The accessible initiator densities of the function- ppm.”" Such an increase might require a more burdensome and
alized particles are typically ~1 nm™> however, grafting costly purification of the desired hybrid material. In contrast,
densities of polymers are usually smaller.'”>****%7°~%0 High the total amount of soluble Cu species in seATRP is constant
targeted degrees of polymerization (1050 for homopolymer and equivalent to the quantity initially introduced into the
brushes and 4000 for block copolymer brushes) were selected reaction medium.
to provide a sufficiently dilute reaction medium in order to Influence of the Applied Potential on Silica NPs
avoid interparticle cross-linking.'' The seATRP procedure was Grafting Density. The choice of a suitable applied potential
used for the first time to graft well-defined (co)polymers (Eapp) is crucial when using controlled potential preparative

composed of P{BA, PtBA-b-PS, or PtBA-b-PBA blocks from electrolysis.”® The effect of the Eyp (Epc — 120 mV, E,c — 80
silica NPs (Table 1; additional experimental data in the mV, E,. — 40 mV, and EPC) on the polymerization of tBA was

Supporting Information). After the polymerizations were investigated (Figure la). Similar to our previous studies®’*™"
completed, silica cores were etched with HF to provide faster rates of reduction provided faster polymerizations (Table
untethered polymer chains for size-exclusion chromatography 1, entries 2—S5, and Figure S3b,c). This was caused by the faster
(SEC) analysis. In all cases the experimental molecular weight regeneration of the activator and resulting higher concentration
(MW) correlated well with theoretical values and SEC traces of the radical species ([P,*]).***** As the rate of polymer-
(Figure S2) showed well-defined, monomodal polymers with ization is proportional to [P,*] and to the square root of [X—
narrow molecular weight distributions (MWDs) (B < 1.32). Cu"/L], it can be tuned by the choice of an appropriate
Purified final products obtained by precipitation in methanol/ 1:"5,},1,,58’82’83

water mixtures were studied by thermogravimetric analysis In all cases a linear relationship was observed between
(TGA) to determine the fraction of the inorganic content and experimental and theoretical MW, and the MWDs remained

polymer graft densities (). The obtained hybrid materials were narrow (Figure 1b and Figure S2a—d), demonstrating good
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Figure 1. Synthesis of PtBA brushes from silica NPs as a function of
applied potential. (a) Cyclic voltammetry of Cu""Br,/ TPMA with and
without initiator (vertical lines indicate Eapp), (b) M, and M, /M, vs
monomer conversion, and (c) grafting density (6) vs M,. Reaction
conditions: [fBA]/[SiO,-Br]/[Cu"Br,]/[TPMA] = 1050/1/0.105/
0.21, [tBA], = 34 M, T = 55 °C, [TBAP] = 02 M, V,,, = 28.2 mL.
Table 1, entries 2—S5.

control over the polymerization. Both the MW of the PtBA
homopolymer brushes etched from the silica NPs (38 600—
58700) and the grafting density (0.71—0.93 nm™) of the
polymers attached to the NPs correlated well with the applied
reduction potential (Figure 1c).

Temporal Control over Polymerization. Application of
external stimuli offered an exclusive possibility of temporal
contro], ie., the stopping and restarting of the polymerization
process by switching the stimuli “off” and “on”, respec-
tively.”>** Despite multiple on/off cycles, high chain-end
functionality was retained without compromising MW and
MWD. This was previously demonstrated for eATRP under
homogeneous conditions by appropriately adjusting the applied
potential.**** A similar effect was obtalned by turning the light
source on and off in photoATRP However, due to the use of
nanoparticles in the current study, substantial hght scattering
could interfere or prevent efficient polymerization.”* Therefore,
eATRP offers a unique opportunity to synthesize well-defined
hybrid nanoparticles with predefined size. To demonstrate the
possibility of temporal control, seATRP was carried out utilizing
multiple-step potential electrolysis (Figure 2 and Figure S2g).
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Figure 2. First-order kinetic plot of seATRP with periodically applied
different values of potential. Reaction conditions: [fBA]/[SiO,-Br]/
[Cu"Br,]/[TPMA] = 1050/1/0.021/0.042, [tBA], = 3.4 M in DMF,
T = 55 °C, [TBAP] = 0.2 M, V,,, = 282 mL. ON potential = E, — 80
mV; OFF potential = E,. + 720 mV.

When negative potential was applied (“ON” = E,. — 80 mV),
the reaction proceeded as expected. However, shortly upon
applying more positive potential (“OFF” = E,. + 720 mV) the
reaction stopped. It was efficiently restarted when the ON
potential was reapplied. Such “pausing” of the reaction could be
beneficial in preparation of hybrid nanoparticles with
predictable molecular weights of the polymer grafts. After
analysis, the reaction can easily be restarted, should longer
grafts be required.

Chain Extension of SiO,-g-PtBA Brushes. The procedure
to form diblock brushes was analogous to that of the
homopolymer brushes, with the exception that a PtBA brush
modified silica NPs were used instead of ATRP initiator
modified NPs. This new SI-seATRP technique offers some
advantages in preparation of block copolymer tethered
nanoparticles, e.g., straightforward setup, enhanced control
over polymerization rate, high achievable graft densities, and
use of low amount of transition metal catalyst. The chain
extension from PtBA brushes (Table 1, entry 3) with styrene
(S) was conducted under constant potential preparative
electrolysis conditions (Figure S4). A linear first-order kinetic
plot was obtained (Figure 3a), and SEC traces demonstrated
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Figure 3. Chain extension of the PtBA-functionalized silica nano-
particles with styrene. (a) First-order kinetic plot of monomer
conversion vs time and (b) M, and M,,/M, vs monomer conversion.
Reaction conditions: [S]/[SiO,-g-PtBA-Br]/[Cu"Br,]/[TPMA] =
4000/1/0.4/0.8, [S], = 43 M, T = 55 °C, [TBAP] = 02 M, V,,, =
28.2 mL. Table 1, entry 6.

narrow MWD of the obtained polymer (Figure 3b and Figure
S2e). High grafting density of ~0.88 nm™> was attained (Table
1, entry 6). Grafting densities of ~0.63 nm™> were previously
reported for PS-tethered SiO, particle brush materials prepared
by SI-ATRP.*

Finally, chain extension of the PtBA brushes (Table 1, entry
3) with BA was conducted under constant potential electrolysis
conditions (Figure SS). The polymerization was well-controlled
with a linear first-order kinetic plot (Figure 4a). PtBA-b-PBA
block copolymers etched from the silica NPs showed good
correlation between experimental and theoretical MW and
narrow MWD (Figure 4b and Figure S2f). The reaction yielded
brushes with a relatively high grafting density of ~0.71 nm™
that matches previously reported results for homopolymer
grafted systems (Table 1, entry 7). For example, silica
nanoparticles grafted with homopolymer PBA brushes with
graft densities of around 0.80 nm~2 were reported.*

Material Characterization. The silica hybrid materials
were characterized with transmission electron microscopy
(TEM), dynamic light scattering (DLS), and differential
scanning calorimetry (DSC). Transmission electron micros-
copy (TEM) was carried out using a JEOL 2000 EX electron
microscope operated at 200 kV. TEM images demonstrated
successful grafting of PtBA from silica nanoparticles and
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Figure 4. Chain extension of the PtBA-functionalized silica nano-
particles with BA. (a) First-order kinetic plot of monomer conversion
vs time and (b) M, and M,/M, vs monomer conversion. Reaction
conditions: [BA]/[SiO,-g-PtBA-Br]/[Cu"Br,]/[TPMA] = 4000/1/
0.4/0.8, [BA], = 3.5 M, T = 55 °C, [TBAP] = 02 M, V,,, = 28.2 mL.
Table 1, entry 7.

showed no aggregated nanoparticles (Figure Sa, Figures S8a
and S9aceg) as compared to the unmodified silica NPs
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Figure 5. TEM images and DLS hydrodynamic size distributions by
intensity (in THF) of (approximately) monolayer films of particle
brushes grafted on silica NPs via seATRP: PtBA (a, b; Table 1, entry
3), PtBA-b-PBA (¢, d; Table 1, entry 7), and PtBA-b-PS (e, f; Table 1,
entry 6).

(Figure S7). The particle size dispersity was determined by the
pristine NP product. Nonetheless, a relatively narrow size
distribution of polymer-grafted nanoparticles was observed
(Figure Sb, Figures S8b and S9b,d,f;h) which was interpreted as
a consequence of the uniform increase of the total particle size
upon surface polymerization. Increase of the degree of
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polymerization of PtBA brushes provided a linear increase of
the particle size, i.e,, h ~ N where h denotes the “brush height”
that is equal to one-half of the surface-to-surface distance
between neighboring particles (Figure S3e). The same
relationship was observed for PtBA brushes prepared via
seATRP under on/off multiple-step potential electrolysis
(Figure S10a—d). This supported the conclusion that the
densely grafted polymer brushes were in the concentrated
particle brush (CPB) 1re:gime.26‘29 This is in agreement with
theoretical predictions of the conformation of tethered chain in
brush particles. For example, Fukuda and co-workers reported
an extended Doud—Cotton model to predict the chain
conformation of tethered chains.”’ Based on this model a
transition from stretched chain conformations (CPB regime) to
random-walk type conformation (semidilute polymer brush,
SDPB, regime) is expected at N; ~ 10° for & of 0.8—1.0 nm 2
when grafting from 15 nm NPs. 2687 Based on this estimate, the
stretched—coiled transition was expected to occur after chain
extension. This agreed well with experimental observations on
the dependence of brush height on the degree of polymer-
ization of tethered chains. After chain extension (with either S
or BA) excellent particle size uniformity was obtained, and
dispersions were stable without indication of aggregation
(Figure Sc—f).

Grafting of PBA resulted in an increase of the brush height
(Figure Sc), which was in good agreement with the observed
increase in hydrodynamic diameter to Dy = 195 + 1 nm
(Figure 5d). Note that electron micrographs of SiO,-PtBA-b-
PBA particle brush monolayer such as shown in Figure Sc did
not reveal insight into the state of microphase separation of the
block copolymer ligand. This is attributed to the very similar
electron density and reactivity of PtBA and PBA segments that
prevents contrast formation (or selective staining) of domains.
To elucidate the microstructure, the glass transition temper-
atures were analyzed using DSC. As shown in Figure Slla,
DSC analysis of the PtBA brush modified silica NPs (Table 1,
entry 3) exhibited a single T, at ca. 44 °C, which is
approximately equal to the T, of the PtBA homopolymer.**
PtBA-b-PS diblock copolymers attached to silica NPs (Table 1,
entry 6) showed two distinct T, values (Figure S11b) at 46 and
100 °C, corresponding to the T values of PtBA* and PS> "%
blocks, respectively. Also, two T, values (=16 and 42 °C;
Figure Sllc,d) were observed in PtBA-b-PBA diblock
copolymers attached to silica NPs (Table 1, entry 7). In this
case, however, T, value of —16 °C was in between the T, of the
PBA and PfBA homopolymers (=55 °C* and 44 °C,*
respectively), which suggested partial miscibility of the of the
PBA block with the outer part of PtBA block. The presence of
the second T, at 42 °C, corresponding to the PtBA
homopolymer, suggests immiscibility of the most inner part
of the PtBA chains, which are very densely packed, close to the
silica surface.

Analysis of the electron micrograph of the SiO,-PtBA-b-PS
system (Figure Se) provides intriguing insight into the
morphology of particle brush monolayer structures. We
rationalize the microstructure observed in Figure Se as a
consequence of the symmetry-breaking effect of the polymer/
air (and to a lesser extent the polymer/substrate) interface. To
illustrate the idea, we note that the regular assembly of spherical
SiO,-PtBA-b-PS brush particles would be expected to result in
an “undulated” surface topology that is indicated in the upper
image of Figure 6.
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Figure 6. Illustration of the proposed structure formation process resulting in the morphology seen in Figure Se. Relaxed PS segments (indicated as
“purple” block) stretch to fill in the void space in between adjacent brush particles and to minimize the total area of the polymer/air interface

(indicated as black dotted line).

This situation is energetically unfavorable since it will create
an excess surface area (and hence energy). To reduce the total
interface area, the relaxed brush segments are expected to
stretch and fill the interstitial space as indicated in the lower
panel of Figure 6 (the energy penalty associated with the
stretching of chains is considered negligible when compared to
the interfacial energy of PS yps = 40 mJ/m?).”® Since only the
“outer” PS block is expected to be in the stretched regime, this
causes a “redistribution” of PS chains that causes a characteristic
6-fold contrast pattern in electron micrographs that is
approximately observed in Figure Se. We note that this process
bears similarity to the segregation of filler additives to the void
spaces in assembly structures formed by brush particles blended
with homopolymer or nanoparticle fillers.**”" To the best of
our knowledge, this is the first example of such phase
separation behavior of block copolymers grafted from nano-
particles.

Bl CONCLUSIONS

Well-defined densely grafted (co)polymer brushes were
synthesized for the first time via a recently developed surface-
initiated simplified electrochemically mediated atom transfer
radical polymerization (SI-seATRP) from 15.8 nm silica
nanoparticles under constant potential preparative electrolysis
conditions. The attractiveness of the presented method stems
from the ability to prepare well-defined block copolymer
brushes with the desired composition. The controlled/living
characteristics of the system allowed for chain extension of the
grafted PtBA brushes with a second PS or PBA block. Grafting
densities up to 0.93 nm™> were obtained. The rate of the
polymerizations was enhanced by applying more negative
potential values, which also resulted in an increase of grafting
densities. Facile temporal control over polymerization was
achieved by appropriately varying applied potential. All
prepared (co)polymer brushes had narrow MWDs (P
1.20—1.32). Excellent polymer-grafted nanoparticle size uni-
formity was obtained, and dispersions were stable without
indication of any trace of nanoparticles aggregation. Micro-
structure formation observed in thin films of densely block
copolymer tethered silica NPs revealed a strong influence of the
conformation of tethered chains. In particular, if the first block
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is in the “stretched brush regime”, then structure formation was
determined primarily by surface interactions rather than
microphase separation. For the specific case of the densely
tethered SiO,-PtBA-b-PS system the relaxed outer PS segments
stretched to fill in the void space in between adjacent brush
particles and to minimize the total area of the polymer/air
interface.
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