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Abstract: We observed novel nanoscale surface structures of segregated pinned micelles and craterlike
micelles formed by grafted Y-shaped molecules and their reversible reorganization in selective solvents.
The Y-shaped molecules have two incompatible polymer chains (polystyrene and poly(tert-butyl acrylate))
attached to a functional stemlike segment capable of covalent grafting to a functionalized silicon surface.
Postgrafting hydrolysis of poly(tert-butyl acrylate) arms imparts amphiphilicity to the brush. We demonstrated
that spatial constraints induced by a chemical junction of two relatively short (6—10 nm) dissimilar arms in
such Y-shaped molecules lead to the formation of segregated micellar surface nanostructures in the grafted
layer. We proposed a model of these segregated pinned micelles and the corresponding reverse micelles
(craterlike structures) featuring different segregation states of hydrophobic polystyrene and hydrophilic poly-
(acrylic acid) arms. The arms undergo conformational rearrangements in selective solvents in a controlled
and reversible fashion. These nanoscale structural reorganizations define adaptive macroscopic wetting
surface properties of the amphiphilic Y-shaped brushes. This surface structure and switchable behavior
can be considered as a promising way toward the patterning of solid substrates with adaptive nanowells,

which could be used for trapping of adsorbing nanoscale objects.

Introduction

Functionalized interfacial organic and polymer layers fabri-
cated from molecular segments with different amphiphilicity
can be designed to act as a “smart” or switchable suffabese

surfaces are capable of responding to very subtle changes i

the surrounding environment such as pBirface pressure,
temperaturé, light,> and solvent qualit§-8 The macroscopic

responses are caused by the reorganization of the internal o
surface structure of the grafted layers. This reorganization is

responsible for controlling physical properties important in
applications of colloid stabilizatiohdrug delivery and biomi-
metic materiald%11chemical gate$? protein adsorptio#? and
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tuning nanotribological properties for tailored surfaéts6
Surface composition and, hence, the surface energy, adhesion,
friction, and wettability can be “tuned” to a desired physical
state. This provides a means for the fabrication of “smart

ppurfaces” with new sophisticated properties such as self-cleaning

and self-refreshing abilities or superhydrophobic behaVidt.
Such surfaces hold great promise in the design of nanoelectro-

rmechanlcal bioanalytical, and microfluidic devices with adap-

tive propertieg?-24
Stimuli-responsive surface polymer layers can be designed
by using a variety of approaches including the reversible
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photoisomerization reaction, reversible swelling/collapse of Table 1. Surface Properties of the Y-Shaped Brush Layer®

water-soluble grafted polymers, and phase separation in binary film RMS grafting grafting

grafted brushes or diblock copolymérs. Polymer brushes thickness roughness density” 5. distance® D
composed of flexible polymer chains tethered to a solid substrate_brush (nm) (nm) (chain/nm?) (nm)
are a subject of intensive theoretical and experimental 1 1.96+0.20 0.25+ 0.02 N/A N/A
investigationg5-27 Recent sophisticated designs resulted inthe 1 1.35+0.20 0.37+0.03 0.10 3.6
. ; . . 2 2.0240.10 0.26: 0.02 N/A N/A
preparation of surface polymer layers with unique adaptive 5 196+ 010  072+0.14 0.15 3.0
properties. For instance, reversible switching of surface proper- 3 2.75+0.10 0.23+ 0.02 N/A N/A
1.864 0.21 0.27+0.03 0.20 25

ties has been recently observed for mixed, binary brushes grafted 3
to a. solid substrat’ 30. qu j[hese systems, Fjlfferent °°”f°.r' a1,2, and3: as-is grafted layers, PS-PBA, 2, and3'": corresponding
mational changes of dissimilar polymer chains A and B with ps.paA brushes after hydrolys&Estimated from molecular weight and
high molecular weights randomly tethered to a solid surface grafted amount according to the known equations as discussed in a previous
resulted in dramatic structural reorganization. It has been shownPublication (ref 38).
that the shifts in the balance of lateral and vertical phase two dissimilar polymer chains (polystyrene (PS) and ptefy{
separations of dissimilar polymer chains with segregated regionsbutyl acrylate) (PBA)) attached to a single focal point capable
measuring 16300 nm across are responsible for this phenom- 0f chemical grafting to a silicon surface (Figure 1). The binary
enon3L32 brushes containing hydrophobic and hydrophilic chains confined
However, to date, the type of surface structures formed in to a single grafting site were prepared via postgrafting hydrolysis
binary brushes under conditions of spatial constraints imposed0f the PBA arms and contained amphiphilic grafted molecules
by their chemical connection to a single grafting site (so-called With different volume ratios of PS and poly(acrylic acid) (PAA)
Y-shaped molecules) has not been explored due to syntheticarms.
limitations. According to recent theoretical predictions, such  In this study, we focused on molecules with two different
molecules should form a wide variety of segregated layers with compositions of flexible arms with approximately a 60:40
various micellar surface structures controlled by chemical (brushesl and2) and a 50:50 (brusB) PS:PAA volume ratio
attachment, grafting density, and composition of chains A and (Table 1). Our preliminary results for similar molecules showed
B.3334 The formation of pinned, mixed, internally segregated, the formation of unusual surface nanostructures for brushes
and split micelles, as well as striped morphology, on the and2.26 Here, we report the complete results of comprehensive
nanometer scale was predicted. Variation of the morphology Studies of the nanoscale surface structures of a wide variety of
with grafting density, molecular weight of brushes, and com- Y-shaped molecules representing internally segregated pinned
position has been discussed in detail by Zhulina and Bafazs. micelles and craterlike micelles of grafted molecules with
The full phase diagram was calculated, which suggested a richdifferent molecular weights and composition of polymer arms
polymorphism in Y-shaped grafted molecules. and their reversible structural reorganization upon treatment with
In a search for the variety of switchable nanoscale surface Selective solvents.
structures and in accordance with these theoretical predictions
we designed a novel type of Y-shaped copolyiheombining

'Results and Discussion

Surface Morphology of PS-PBA Brush Layers.The layer
thickness for all brushes did not exceed 2.8 nm in both initial
and hydrolyzed states with brush&sand 2 having smaller
thicknesses (Table 1). Evaluation of the grafting parameters in
the dry state showed medium grafting density with the average
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distance between the neighboring molecules of-3.% nm
(Table 1). This indicates that, under the condition of a bad
solvent (air), both flexible arms collapse and form a dry layer
with the vertical dimension well below the contour lengt6(-
10 nm for different arms). Figure 2 shows the surface morphol-
ogy of the grafted PSPBA brushes before hydrolysis and after
treatment with nonselective good solvent for both arms (toluene).
AFM images obtained for large surface areas up te 20um
across revealed a high quality of grafted layers with a smooth
surface and the absence of microscopic inclusions generated
by the grafting process or external impurities. Both surface
topography and phase shift showed only very low fluctuations
as can be seen in cross sections presented in Figure 3. The
roughness of all grafted layers fabricated here did not exceed
0.3 nm within the 10x 10 um surface area that indicates
molecularly smooth surfaces.

The water contact angle of the PS-PBA brush surfaces after
toluene treatment was close to °8With the lowest value
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J. AM. CHEM. SOC. = VOL. 125, NO. 51, 2003 15913



ARTICLES

Julthongpiput et al.

DPE-secBu

I“ﬁ?

1
T

b

Tﬁ{ oY

)\'\"_

¥

¥

11
$¢

o Vo

r."' 'L“

secBu DPE-secBu
5 15
Eﬂ

3

Figure 1. Chemical structure and molecular graphics representation of Y-shaped block copolymers with &, S)ah@ a long 2) aromatic functional
stem. Moleculed and?2 contain 40 and 30 monomeric units, and molecileontains 25 and 25 monomeric units in PS and PBA arms, respectively.

Table 2. Contact Angles of PS-PBA and PS-PAA Y-Shaped
Brushes after Different Solvent Treatments

PS-PBA PS-PAA PS-PAA
after toluene after toluene after water
brush treatment (deg) treatment (deg) treatment (deg)
1 84+3 73+ 3 53+ 1
2 81+2 76+3 52+2
3 77+2 61+1 52+2

observed for brusB (Table 2). These values indicated a fairly
hydrophobic surface as expected for the components of the PS
PBA Y-shaped molecules (90and 80 for PS and PBAY
respectively). The lower value of the contact angle observed
for brush3 was caused by a higher content of PBA arms (Table
2). Therefore, the surfaces of all initial brushes studied before
hydrolysis were predominantly composed of terminal flexible

chains, which completely screened underlying epoxy-terminated

SAM (contact angle within 5660°).

All grafted layers possessed a very smooth surface on a

microscale as well (Figures-3). Slight grainy topography and

a uniform phase shift were observed on high-resolution AFM
images. The surface roughness estimated within 12 mma
was close to 0.2 nm for all PS-PBA layers. The lateral sizes of
poorly developed domain morphology did not exceee-20
nm.

(37) Mengel, C.; Esker, A. R.; Meyer, W. H.; Wegner, IGangmuir2002 18,
6365-6372.
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These data indicated that all PS-PBA brushes within grafted
layers possessed a very weak segregation state of dissimilar arms
unlike conventional mixed brushes, which usually demonstrate
characteristic, well-developed microphase-separated surface
morphology with dimensions of different phases reaching
hundreds of nanometers acr@3#lthough the dimensions of
the phase-separated domain structures should be controlled by
molecular weight, even for low molar mass PS-PBA mixed
brushes studied earlier, domain sizes of clear, two-phase surface
morphology approached a hundred nanometer ré&hgepar-
‘ently, the confinement of dissimilar arms caused by covalent
attachment to the same grafting point plays a critical role in
the suppression of the microscopic phase separation and defines
the overall surface morphology. This, along with the shorter
length of the molecular chains, is responsible for the weak
segregation state of the Y-shaped brushes before the hydrolysis.

Surface Morphology of PS-PAA Brush Layers. The
thickness of the grafted layers after the hydrolysis naturally
decreased for all brushes and most significantly for bdushd
3 with a shorter stem (Table 1). The surface microughness
increased but still remained very low (below 0.7 nm). A modest
increase in the phase contrast was also observed for all brush
layers after the hydrolysis (Figures-8). The surface of the

(38) Luzinov, I.; Julthongpiput, D.; Malz, H.; Pionteck, J.; Tsukruk, V. V.
Macromolecule200Q 33, 1043-1048.

(39) Julthongpiput, D.; LeMieux, M. C.; Bergman, K. N.; Tsukruk, V.Rblym.
Mater. Sci. Eng2003 89, 342-343.
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of a small amount of the hydrophilic component in the
hydrolyzed brushes. The most significant decrease was detected
for brush3 that is consistent with the highest content of PAA
chains in this system (Table 2). The values of the contact angle
for the Y-shaped brushes were close to that expected for the
PS-enriched hydrophobic surface with the presence 2786

of PAA chains as estimated from the CassBaxter equatior?

The contact angle for PAA chains was taken in the range of
20—40° as measured in different studi€s.

We suggest that the surface morphology observed for the
grafted layers after the hydrolysis and the following toluene
treatment (selective solvent for PS arms) corresponds to an
internally segregated “pinned micellar” structure theoretically
predicted for sparse brushes of Y-shaped copolymers containing
incompatible armg.Considering that toluene is a good solvent
for PS and a bad solvent for PAA, we further suggest that the
topmost surface layer is predominantly composed of low surface
energy PS arms, which form “coronas” of pinned micelles,
whereas collapsed PAA arms constitute their “cores”. This
model can be suggested for the brush layer from moleclles
and2 with 60% of PS chains. For the brush layer from molecule
3 with an even composition, a more heterogeneous surface
should be expected because of an insufficient amount of PS
chains in the layer to cover the surface completely. In fact, all
experimental evidence such as higher phase contrast, higher
surface microroughness, and lower contact angle value for this
brush layer supported this suggestion.

Switching of Surface Morphology. Conventional binary
brush layers are known for their ability to change microstructure
and properties under the influence of selective solvéits.
Therefore, we treated Y-shaped PS-PAA brushes with water,
which is a selective solvent for hydrophilic PAA arms, and
observed corresponding changes of surface morphology. In fact,
this treatment caused dramatic surface reorganization, leading
to the formation of novel surface morphology (Figure 6). An
array of craterlike nanoscale features was observed for both short
and long stem Y-shaped brushes after water treatment. The
craters represent discrete objects whose rims were slightly
elevated with respect to their surroundings (see high-resolution
3D images and the corresponding cross sections in Figure 7).
This surface morphology was the most developed for brush
2 with uneven arm composition and a long biphenyl stem with

' Sl 8 g crater rims elevated by -11.5 nm above the surrounding
. : matrix.

FigtfltredZI- Lafg? ;CsalgB':F:\(/l tﬁpog(fjaphiral imaG)JEZS((bi;Olo éd3m() )Of :the This is due to a higher grafting density and better intralayer

grarted layers o - -Shaped mo ecu]e@a, , an C) alter : i . . h

toluene treatmentzirange is 5 nm). ordering famhtated by a Ionger rigid stem combined with
asymmetric arms. For brushwith an even and shorter length

amphiphilic PS-PAA brushes was covered with densely packed Of dissimilar arms and a shorter stem, this craterlike morphology
islands, which were more pronounced than in PS-PBA grafted With rims elevated by only 0:20.5 nm was only barely visible
layers. Their lateral dimensions were close to 10 nm as estimatedunder hard tapping conditions. This type of morphology has
after correction for the tip dilation. The height of these islands not been previously observed in binary grafted layers such as
was within -2 nm as estimated from the topographical cross Mixed or diblock hydrophilie-hydrophobic brushes. It is worth
sections. Similar surface morphologies were observed for all hoting that the AFM tip is responsible for specific artificial
brushes with slightly higher surface heterogeneity observed for
orushs vith an even chemical composiion (RPAA). All (0} s .8 D Satr Srre ey Socont 10 S0 991
of these changes of surface parameters reflected higher hetero- A Luokala, B. B.; Siclovan, T. M. Kickelbick, G.; Vallant, T.; Hoffmann,
geneity of the surface composition caused by the appearance m-i?nEgkg'f'STtm"nﬁfol{mgg:‘é’fﬂ%?é’?ufezéggésgg752§‘é7@59*'001‘fbeno"v N
of hydrophilic PAA arms along with hydrophobic PS arms. (42) Sarid, DScanning Force Microscopfxford University Press: New York,

The contact angle decreased by after the hydrolysis 5 Il\/lgiﬁib, S.: Miller, M.; Usov, D.; Scholl, A.; Froeck, C.; Stamm, Mhys.
and the subsequent toluene treatment, indicating the presence ° Re. Lett. 2002 88, 035502.
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Figure 3. High-resolution AFM topographical (left) and phase (right) images (500 nm) of the grafted layers of the Y-shaped molecdlesfore (a,
b) and after hydrolysis and the subsequent toluene treatment (c, d). Surface cross sections are shown for the grafted layers after hydralysialégertic
are 5 nm and 10

phenomena while scanning these nanoscale objects. Several mosinriched with PS arms surrounded by swollen PAA chains (see
noticeable examples are clearly visible on the high-resolution next section for detailed elaboration). For this structure, surface
AFM images (Figure 6). exposure of PAA arms should increase the hydrophilicity that
First, the depth of the craters is evaluated to be at least 0.5was, indeed, confirmed by a significant decrease in the contact
nm, although this parameter cannot be estimated accuratelyangle value to 52for all brushes (Table 2).
because of the tip dilation. The apparent overall lateral dimen-  This value indicates that from 65% to 90% of the surface
sion of these features is within 2B0 nm due to the tip dilation had to be occupied by PAA arms as calculated from the Cassie
as well. In addition, an overall shape of the central portion of equation. Therefore, a majority of the brush surface in this state
the craters is obviously affected by instabilities between the is covered by the hydrophilic PAA arms with a minor amount
AFM tip and the elevated surface features with a suddenly of surface-exposed PS arms. The minimum changes of the
changing surface composition and contact area. Therefore, asurface wettability were observed for brudhs can be expected
precise estimation of the depth and the fine shape of thesefor an even composition of flexible arms with no significant
surface features is impossible. However, as known, the distancepreference in a volume fraction of either hydrophobic or
between the edges of a rim can be estimated correctly from hydrophilic chains.
AFM images because it is not disturbed by the tip dilatidn. To test the limits of the surface reorganization of the
The average diameter of the craterlike structures was within amphiphilic Y-shaped brushes, we conducted an additional study
8—10 nm for all brushes as estimated by the averaging of at with solvent treatment. It can be expected that the treatment of
least 10 independent measurements for a randomly selected arrathis surface morphology with the mixed solvent, good for both
of craters as shown by various markers in Figure 7. Considering PS and PAA arms, should lead to additional swelling of PS
experimental observations, we suggest that this characteristiccores within the craterlike structures and, thus, the disappearance
surface structure formed upon treatment with a good solvent of this collapsed structure. In fact, for all brushes, we observed
for PAA arms (water) is composed of a collapsed central core an increase in both lateral and vertical dimensions of the surface

15916 J. AM. CHEM. SOC. = VOL. 125, NO. 51, 2003
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: St uits Fa el a)

Figure 4. High-resolution AFM topographical (left) and phase (right)
images (500x 500 nm) of the grafted layers of the Y-shaped molecales
before (a, b) and after hydrolysis and the subsequent toluene treatment
(c, d). Vertical scales are 5 nm and°10

Figure 6. High-resolution AFM topographical (left) and phase (right)
images (300x 300 nm) of the grafted layers of the Y-shaped molecdles
(a, b), 2 (c, d), and3 (e, f) after hydrolysis and the subsequent water
treatment. Vertical scales are 5 nm for a,c and 10 nm for e ahdo2@ll
phase images.

the chemical composition of brush (40 units in PS and 30
units in PAA arms), the molecular reconstruction can be
conducted as illustrated in Figure 9. From the general theoretical
consideration of the behavior of polymer chains tethered to a
solid surface, it is reasonable to expect that in the presence of
a nonselective solvent, the Y-shaped molecules would adopt
the extended conformation with all arms stretching away from
the substrate (Figure 9b)As the quality of the solvent for one
type of the arms is reduced, they would collapse and form a
core of a pinned surface micelle (Figure 9a). The average
diameter @) of such micelles estimated from the AFM cross-
images (500< 500 nm) of the grafted layers of the Y-shaped molecBles  gactional profiles was about 10 nm. Thus, the area it occupies
before (a, b) and after hydrolysis and the subsequent toluene treatment. . .
(c. d). Vertical scales are 5 nm and°10 is 7(d/2)? ~ 78 nn¥, assuming a circular shape of the surface
structures. This allows us to estimate the average number of
structures with a conventional domain morphology replacing molecules in one micelle because it can be expressétlas
the craterlike morphology observed after water treatment (Figure A/s, whereA is the area per micelle arglis the area per one
8). Swelling of the domain structure was much more pronounced molecule® Because the experimental grafting density fosPS
for brushesl and2 as expected for compounds with a higher PAA3zy brush1 is one molecule per 10 rin(Table 1), one
content of PS phase (60%). micelle contains on average 7.8 grafted molecules as depicted
Models of Nanoscale Structures.Molecular simulation in our model (Figure 9b).
provides an additional insight into the structure of the Y-shaped For the sake of simplicity, we considered seven molecules,
PS-PAA brushes under different conditions and can verify our six of which were placed in the corners of a hexagon and one
suggestions based on the AFM data discussed above. Completén its center. The average distance between the neighboring
molecular modeling was conducted for bruklwith 60% of grafting points of 34 nm was determined experimentally
the PS chains and the grafting parameters shown in Table 1.(Table 1). We therefore modeled the brush as a set of Y-shaped
Considering the experimental data for the grafting density and molecules placed 3.5 nm apart in a hexagonal lattice (Figure
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Figure 7. High-resolution 3D AFM images (158 150 nm) of craterlike surface micellar structures of the grafted layers of the Y-shaped moleales
2 (b), and3 (c) and the corresponding cross sectighscale is 10 nm for brusth and2 and 6 nm for brusl8.

9b). The collapse of seven PAA arms upon treatment with can be completely covered with PS chains. Contrary, the
toluene should result in the formation of a dense core in the formation of reverse surface micelles with a craterlike shape
center of a hexagon corresponding to one pinned micelle. At (Figure 9c) resulted in inevitably heterogeneous morphology
the same time, seven PS arms would form the micelle’s coronacomposed of an array of nanoscale structures tethered to the
as represented in Figure 9a. Force field minimization of this solid substrate (Figure 10).

micelle with constrained atomic coordinates of 3,5-dihydroxy-  Unlike pinned micellar structures, the craterlike morphology
benzoic acid stem reveals that PS arms can cover nearly all ofhas not been predicted theoretically for Y-shaped brusites.
the area occupied by the PAA core because the volume fractionis also qualitatively different from the “dimple” morphology

of PS arms is about 60%. In contrast, when similar modeling is predicted and found in mixed binary brushes, inasmuch as the
done for a reverse micelle (in a good solvent for PAA), the full observed craters are spatially isolated and do not fuse into a
coverage of bulkier PS core with PAA chains cannot be continuous matri¥3 Several reasons may account for this
completed. In this case, energy minimization drives a localiza- unusual morphology. The smaller volume fraction of PAA arms
tion of PAA arms on the outer walls of the micelle with a (40%) can facilitate such clustering. Alternatively, the interac-
central, noncovered area, revealing the PS core (Figure 9c). Thigions between PAA and the silicon surface can be strong enough
model is consistent with the observed craterlike morphology, to prevent conformational rearrangements of some arms and
grafting parameters, and the surface composition of both keep them permanently in the immediate vicinity of the
Y-shaped brushesand2. On a larger scale, an array of pinned hydrophilic substrate. The short length of both arms might
micelles undergoing structural reorganization into craterlike contribute to such clustering as well. Finally, the Y-shaped
micelles caused by changes in solvent quality can be simulatedmolecular architecture imposes conformational constraints limit-
with molecular modeling as presented in Figure 10. In these ing micro- or macrophase separation. Regardless of what the
models, different chains are color-coded (PS blue, PAA red), origin of the craterlike morphology is, one simple conclusion
indicating that, indeed, the initial surface after toluene treatment is obvious. It exhibits structures with truly nanoscale lateral
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exceed it. We conclude that the combination of both the short
length of the arms and the Y-shaped molecular architecture is
primarily responsible for the observed nanostructured surface
morphology. This is in stark contrast to mixed binary brushes
containing much longer polymer chains which lead to mi-
crophase separation and, as a result, much larger surface
structures. Therefore, if nanostructures are to be realized in
polymer brushes, they should not have high molecular weight
chains, which in many cases is considered to be an important
synthetic target.

Dynamics of Switchable Surface PropertiesFinally, the
dynamics of switching of the surface properties caused by
structural reorganizations revealed by AFM observations dis-
cussed above was studied by monitoring changes of the contact
angle value after repeatable treatments with selective solvents.
Figure 11 shows the contact angle values for all PS-PAA brushes
after toluene and water treatments as a function of a treatment
time along with corresponding droplet shape in the limiting
states. The value of the contact angle after toluene treatment
gradually reached 82 3° for brushesl and2 within the first
100 min and stayed virtually constant even after 10 h of solvent
exposure.

The maximum achievable contact angle for brighvas
slightly lower, which is due to a lower content of hydrophobic
PS chains. The contact angle of all brushes decreased sharply
within the first 100 min after water treatment and gradually
reached a similar level of 52 3° for all brushes within several
hours, completing a full cycle (Figure 11). These cycles of the
continuous change of the surface wettability are similar for all
s ST T brush layers and can be reproduced repeatedly without dete-
Figure 8. High-resolution AFM topographical (left) and phase (right) rioration of the polymer layers. These results indicate that the
images (500< 500 nm) of the grafted layers of the Y-shaped moleclles  npgnoscale structural reorganization discussed above can control,

?étﬁ)a’lr?ol(céoq%b?/rg? (\sé;)iczjtzgg?e'éegr: cilz)/ennr; t;i%tTgm (chloroform/ consistently and efficiently, macroscopic wetting properties of
the amphiphilic Y-shaped brushes.

dimensions, which are much smaller than those found in mixed
and diblock copolymer brushég:*4

It is important to emphasize that the size of the surface In conclusion, we fabricated and characterized novel Y-
micelles is directly dependent on the length of the arms of the shaped brush layers chemically grafted to the silicon surface.
grafted Y-shaped molecules. Because that length is withib08 We demonstrated that spatial constraints imposed by a covalent
nm in moleculed and2, the size of the surface morphological junction of two dissimilar (hydrophobic and hydrophilic)
features has to be similar to that value and cannot significantly polymer chains with medium molecular weights in Y-shaped

Conclusions

a) c)

Figure 9. Molecular models of the proposed structural rearrangement in Y-shaped brushes. Internally segregated pinned micelle composed of seven grafted
PS-PAA molecules spaced 3.5 nm apart. Upon treatment with toluene and the following drying, the PS arms (blue) form corona covering the micelle’s core
consisting of seven PAA arms (red). (b) Representation of the same seven molesulelfed in a nonselective solvent (yellow). (c) Top-open craterlike
structure containing seven collapsed PS arms partially covered by seven PAA chains.
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molecules caused the formation of a novel type of segregated & 1 e
surface micellar structures (pinned and craterlike), which E 50.] [ -
measure only 10 nm in diameter. An array of crater-shaped 5 ]
nanoscale features of different contrast was observed for both 401
short and long stem Y-shaped molecules. We concluded that ]
the formation of such nanoscale features was mainly caused by 1200 | 800 " 400 0
covalent junctions of dissimilar arms to a single grafting point Time (min)

(Y-shaped molecular architecture) and can also be due t0 arjgyre 11. Cyclic dynamics of surface wetting properties (contact angle)

relatively short length of the arms. These two features are as a function of solvent treatment time for the grafted layers of the Y-shaped
believed to be responsible for a weak segregation state of themoleculesl (a), 2 (b), and3 (c).

Y-shaped brushes before and after the hydrolysis. This type of L . o
surface morphology is very different from conventional binary surface structures and switching behavior are similar for all three

grafted layers such as mixed and diblock amphiphilic brushes. brushes studied here with minor variations related to changes
We proposed a model of segregated pinned micellar surfaceln composition/molecular weight of flexible arms and the stem

structures and reverse craterlike micelles featuring different 1€Ngth. Switching of the surface wetting properties driven by

segregation states of PS and PAA arms of a estell type. changes_in the Ioca_l hfeterogeneous composition_ of Y-shaped
The microstructure suggested on the basis of AFM results wasPrushes is of potential interest because the resulting nanoscale

supported by molecular modeling of the conformational states MOrPhology of craterlike type can facilitate assembly of
of tethered Y-shaped molecules and their aggregates. Thesd1°rganic nanoparticles, proteins, and charged chemical species.

micellar nanostructures are capable of conformational reorga- 1 N€ @Pproach proposed here can be considered as a promising

nization after exposure to selective solvents. These types of W&y toward the patterning of solid substrates with adaptive
nanowells, which can be used for controlled and selective

trapping of adsorbing nanoscale objects. We believe that the

(44) Sevick, E. M.; Williams, D. R. MPhys. Re. Lett. 1999 82, 2701.
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