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1. Introduction

Polysilanes are linear polymers with a backboneaténated silicon atoms that
are usually substituted with aryl and/or alkyl geyl]. Polysilanes display elec-
tronic delocalization within the-bonded framework of the Si-Si backbone as a
consequence of 3prbital interactions between Si atoms (the smalierensions
of the hybrid orbitals of the carbon atoms precltide delocalization in analogous
unsaturated C-C polymer backbones). This electedocdlization plays a large
part in determining the properties of polysilariagarticular the spectroscopic,
and electroactive properties. As a consequencetthey potential applications as
semiconducting [2], photoconducting [3, 4], elekitminescent [5, 6], and non-
linear optical materials [7]. They have found apgtions as precursorsieSiC
fibres [8, 9], as resists in microlithography [14], and as photoinitiators of radi-
cal polymerization [12]. However, their mechanipedperties are relatively poor,
adversely affecting their processability and limgtitheir exploitation. In order to
exploit their properties, attempts have been mad®mbine polysilanes with or-
ganic polymers with complementary characteristicsrider to optimise mechani-
cal properties. Whilst many structural propertias be optimised through the in-
corporation of two or more polymer components @opolymer structure, block
copolymers are also being increasingly studieceHsosganising and self-
assembling materials. The microphase separatibfook copolymers gives a

wide range of 3-dimensional morphologies in thektathte [13] and the self-



assembly of block copolymers in different liquiddi@give a variety of aggregate
structures such as vesicles [14], micelles [154, micellar fibres [16]. A number
of applications have been demonstrated for bloglolyaner aggregate structures
including their use as encapsulants for drug defiy&7] and templates for colloid
synthesis [18]. It has been demonstrated, thatelfeassembly and/or self-
organisation of block copolymers might be usedfierimposition of increased
order to fine-tune the performance of conjugatelgirpers and facilitate the
preparation of nano-scale devices [19]. PolysBaass -conjugated polymers are
therefore ideal targets for investigation as seffanizing and assembling block
copolymer systems. Polysilanes are rod-like, theyelsemi-rigid, segmented
backbones that ensue from theirconjugated chains and helical conformations
[20, 21]. Thus, they offer a significant potenfiai self-alignment that tends to be
similar to that fop-conjugated carbon based block copolymers. Theydfer

the possibility of bringing to block copolymer sttures the characteristic proper-
ties that result from theg-conjugation and, hence, access to new structure-
property combinations through self-organizatiomitk or self-assembly through
aggregation. This paper will review the methodadsghat have been developed
for the synthesis of polysilane block copolymelng, tesultant morphologies in
thin films and their self-assembly in solution, dnghlight some of their more in-

teresting properties and applications.

2. Synthesis

2.1. Synthesis of Polysilane Blocks

Most but not all strategies for the synthesis otklcopolymers based on polysi-
lanes require pre-syntheses of the polysilanesnliatomprise the blocks. The-

reafter, the other copolymer component blocks tielaed to the polysilane (a



polymer coupling approach) or else grown from fipra@priately functionalized
chain ends (a living polymerization approach). Ehare four known procedures
for the synthesis of polysilanes (Figure 1), theri&tiype reductive-coupling of
dichloroorganosilanes [22] (Reaction 1), the riqgeoing of cyclosilanes [23]
(Reaction 2)the anionic polymerization of ‘masked’ disilened]J[2Reaction 3)
and the catalytic dehydrogenation of primary sitaf#5] (Reaction 4). For de-
tailed descriptions of these procedures the reiadeferred to recent reviews [26].
Of these approaches the catalytic dehydrogenatisryét found no application in
the synthesis of block copolymers. This is printipbecause high molecular
weight polysilanes are only obtained from the debgdupling of tertiary organo-
silanes and the resultant polymers possess ncetbsend-group functionalities for

subsequent polymer coupling or polymerization &tiin.

Both the anionic polymerization of masked disileand the ring-opening poly-
merization are living polymerizations under the rmygpiate conditions and hence
after full monomer conversion they retain silyl@miend-functions suitable for
block copolymer synthesis. Both of these polymeidres can give quantitative
yields of polysilane with narrow molecular weiglsgtdbutions and molecular
weight parameters controlled by the ratio of monotoénitiator. However in

both cases the monomers require careful and timserning multi-step synthes-
es. In contrast the Wurtz-reductive coupling polyizagion under the appropriate
conditions, can give polysilanes in high yielddizihg commercially available
monomers and reagents [27]. Furthermore the engpgrare predominantly Si-Cl
bonds which are ideal for subsequent use in bloglolymer syntheses. The prin-
cipal disadvantage of the Wurtz-reductive coupfogymerization is that whilst it
can be controlled to give monomodal samples, igipolysilanes with high poly-
dispersities (typically 1.5-2 under optimum coratis) with yields no higher than

50-80% under optimum conditions.



2.2. Synthesis of Polysilane Block Copolymers

2.2.1 Polymer Coupling Reactions

The use of polysilanes as photoinitiators of radicdymerization was one of the
first means whereby they were incorporated withatk copolymer structures
[28], albeit in an uncontrolled fashion. Howevee tlesulting block copolymer
structures were poorly defined and interest in tipeimcipally lay in their applica-
tion as compatibilisers for polystyrene (PS) antymethylphenylsilane blends
PMPS. The earliest synthetic strategies for redftiwell-defined copolymers
based on polysilanes exploited the condensatidheo€hain ends of polysilanes
prepared by Wurtz-type syntheses with those otarskprepolymer that was to
constitute the other component block. Typicallyniature of AB and ABA block
copolymers in which the A block was polystyrene)B&d the B block was po-
lymethylphenylsilane (PMPS) was prepared by reaatioanionically active
chains ends of polystyrene (e.g. polystyryl lithjumith Si-X (X = Br, Cl) chain
ends ofa,w-dihalo-polymethylphenylsilane [28] an example dfigh is shown in
Figure 2 [29, 30]. Similar strategies were subsatjyeised to prepare an
AB/ABA copolymer mixture in which the A block wa®sly(methyl methacrylate)
(PMMA) [31] and also a multi- block copolymer oS and polyisoprene (Pl)
[32].

A particularly interesting block copolymer madethg coupling approach was a
multi-block copolymer of PMPS and poly(ethylened®)i (PEO). This was pre-
pared by reacting the Si—X chain ends of PMPS wighhydroxyl chain ends of
well-defined commercial sample of poly(ethylenecglly [32] (Figure 3). Al-
though the former had a normal molecular weightrithistion, the latter was of a

uniform distribution. As determined by size excarschromatography, the resul-



tant copolymer consisted of all the (ABnd (AB)A structures from PMPS-PEO
through to (PMPS-PE®)

2.2.2 Living Polymerizations

The polymer coupling approach to block copolymaentkgsis is seriously disad-
vantaged by the need to ensure stoichiometric atprice of the reactive func-
tional groups. These are in low concentration iedab the main chain units of
the polymer chains and they are usually sensititesice impurities, particularly
water (e.g. Si-Cl rapidly converts to Si-OH; Ripidly converts to Si-H) Hence
obtaining stoichiometric equivalents of the chaid®is extremely difficult and
leads to poor reproducibility without scrupulousecasing high vacuum line pro-
cedures. In contrast, the living polymerization rmyggh either (i) uses the reactive
chain end of a preformed polysilane to initiateypadrization of a vinyl mono-
mer; (ii) uses the reactive chain end of a prefarmelysilane to functionalize the
chain with a suitable initiator for a subsequevinly polymerization; (iii) a poly-
meric carbanion (e.g. polystyryl lithium) is usednitiate the polymerization of
the silane monomer. The resulting block copolyntercsures are usually more
defined than those prepared by polymer couplingcapblymers based on polysi-
lanes with both AB and ABA structures have beerttssized these ways.

The first such living polymerization syntheses wachieved using the living
silyl-anionic chain ends on poly(1,1-dihexyl-2,Zvdithylsilane) and poly(1-butyl-
1,2,2- trimethylsilane), prepared using the masksidene procedure [24], to in-
itiate the polymerization of methyl methacrylatémethylsilyl methacrylate and
2-(trimethylsilyloxy) ethyl methacrylate [33-35]ifftire 4a). A further example of
the synthetic utility of this approach came witk 8ynthesis of poly(1,1-dimethyl-
2,2-dihexyldisilene)p-poly(triphenylmethyl methacrylate) (PMHSPTrMA)

[60]. The PTrMA block was synthesized in the preseof (-)-sparteine which in-
duced the adoption of a helical conformation inrfethacrylate block, i.e. a chir-

al one-handed helical chain. When the temperataereduced to -20°C the poly-



silane chain was induced by this block to adoptexrlvanded helix itself and be-

come chiral and optically active itself.

PMPSb-PS and PMP$-PI were synthesized by the anionic ring-openinlypo
merization of tetramethyltetraphenylcyclotetrasigprepared from commercially
available octaphenyltetrasilane) initiated by tlking anionic chain ends of polys-

tyrene and polyisoprene [36] (Figure 4b).

Over the past 10 years the advent of controlledtah@olymerization has resulted
in an explosion of interest in the synthesis otkloopolymer systems that were
hitherto inaccessible [37]. The most commonly usethods of controlled radical
polymerization of vinyl monomers are nitroxyl megid (e.g. TEMPO), reversible
addition fragmentation (RAFT) and atom transfelicadpolymerization (ATRP)
[38]. Both TEMPO and ATRP based syntheses of [ilalys block copolymers
have been reported. Poly(styrdmeck-methylphenylsilandsiock-styrene) has
been synthesized by a TEMPO-mediated polymerizdt@mmn an end functiona-
lized PMPS macromolecular initiator (Figure 5) [3Bhe first inorganic—organic
hybrid copolymer system synthesized via ATRP was ofi polystyrene grafts
grown from a bromomethylated PMPS sample [40]. Aergenerally useful ap-
proach has been the end-functionalization of PMRI an active ester alkyl ha-
lide 2-bromo-2-methyl propanoate followed by itpkgation in the copper cata-
lyzed ATRP of methyl methacrylate, hydroxyethyl hetrylate and
oligo(ethylene glycol methyl ether methacrylateig(FFe 6) [41, 42]., In these cas-
es the precursa,w-dihaloPMPS was of a broad polydispersity (typicdll6-2.1)
which wasreacted with hydroxyethyl 2-bromo-2-methylpropamdat give end-
functionalized PMPS (characterized #yNMR). A variety of PMPS molecular
weights were prepared in this manner and the apjtepvinyl monomers were
polymerized using a Cu(l)Br catalyst and a bidendktcontaining ligand (e.g py-
ridine) in a solvent (e.g. THF). The resultant ABWck copolymers were of low-
er polydispersities than the precursor PMPS blaskexpected from the incorpo-
ration of narrow distribution blocks at the chairde of a sample with a formerly

broad distribution. The molecular weight parameteesasured by SEC were in



broad agreement with the theoretical Walues predicted from consideration of
the monomer to initiator ratios and were obsereegrow in a manner consistent
with a controlled chain growth polymerization (Figwa). Kinetic analyses
(In[MgJ/[M] versus time) of the polymerization of MMA fro a PMPS macroini-
tiator clearly demonstrated' brder behaviour as expected from ATRP (Figure
7b).

3. Self-Assembly and Self-Organization of PolysilanBlock
Copolymers

3.1 Self-Organization in Thin Films

The ability of copolymers consisting of chemicaldigtinct polymeric segments to
undergo microphase separation as a result of gthdl driven segregation has
led to a remarkable range of nanostructured moggies being catalogued and
studied [43]. Consequently, such materials have bee subject of intense study
for over ten years [44]. Block copolymer thin filresow many of the morpholo-
gies displayed by the bulk materials, but substmatesurface effects can play a
much more pronounced role in the self-organizatianticularly for very thin
films. A large number of potential applications these self-organizing thin films
have been proposed and demonstrated. Examplesiénapplications as litho-

graphic masks [45], photonic materials [46], andasdructured membranes [47].

Demoustier-Champagne et al. used atomic force stomy (AFM) to observe
microphase separation within cast films of PS-PMF&3PS-PMPS block copo-
lymer mixture [29] that were used to compatibilzélend of PMPS and PS. The

fracture surface of blend films with the block cbpoer incorporated show a far



finer dispersion of particle sizes than those withdlatyjaszewski et al. studied
PMPS-PS thin films by SFM (scanning force microggamd TEM (transmission
electron microscopy) and Figure 8 shows a TEM pécaf a thin section of a film
which was prepared by slow evaporation from THFicWlis slightly selective for
the polystyrene block [48]. The dark areas wer&assl to the polysilane do-
mains as a result of the stronger electron scageni silicon rich regions com-
pared to carbon rich regions. The domains werelpdefined but multiple im-
ages demonstrated that the morphology was realwbhmlike dark domains
were consistent with a cylindrical morphology oé tiolysilane block in a matrix
of polystyrene. The cylinders had approximatelysame size throughout the en-
tire sample with a diameter of 7£2 nm. This wagytdy half of the extended
chain length of 14.8 nm of the PMPS component £\8,000) of the block copo-
lymer. Intriguingly by exposing a thin film of tHeMPS-PS block copolymer to
UV light of 360nm the PMPS could be selectively @epd. Whilst initial SFM
analysis of the film revealed no change in texturer the surface after UV expo-
sure bundles of the Pl became apparent (Figurg Byoad distribution (M/M,, =
2.4) multi- block copolymer of predominant struetPMPSb-PI); has been
demonstrated to form self-supporting films that @pécally clear, strong, and
flexible [32]. They were characterized using bothMARBnd neutron scattering [49]
and despite relatively high polydispersities inftbobmponent blocks (respectively
1.64 and 1.34 for PMPS and Pl), a regular modulaterphology was observed
with average domain repeat units of 18.8 and 181é&nthe surface and in the
bulk respectively (Figure 10). The regularity waslier shown to be entirely con-
sistent with the extended lamella-like structureveh in Figure 11 rather than the
thermodynamically less-favored structure within eththe chains fold and reverse

direction at the coiled Pl segments.

The PMMA-b-PMPSh-PMMA triblock copolymers prepared by the macraasit
tor approach using ATRP [39] were only charactetiasing differential scanning
calorimetry. The glass transition temperaturg 0F PMPS is usually difficult to
observe but within the copolymers it was clearlident at 125-130 °C. The,§



of the PMMA blocks increased with block length imanner consistent with the
variation with chain length for homopolymers of PMMnNd were also clearly
visible by DSC. The presence of twgsTprovides strong evidence for microphase

separation of the blocks.

Films of the POEGMA-PMPSh-POEGMA series of copolymers synthesized by
ATRP [42] were cast on glass, silicon, silver, gt substrates and were inves-
tigated by a number of techniques [47]. The watertact angles at the surfaces of
the block copolymers were observed to be direetigted to the nature of the un-
derlying substrate; e.g. hydrophilic glass substggve a low contact angle (~35°)
and a hydrophobic gold substrate gave a relativiglly contact angle (~90°) (see
Figure 12). Selective delamination from the hyditiplsurfaces (glass and ozone-
treated silicon) was observed for those copolymétts a high POEGMA content
(weight ratios of POEGMA:PMPS > ~1.3, below thisdeamination was ob-
served). l.e. the nature of the substrate (hydtwpys. hydrophobic) directly con-
trolled the adhesion of the block copolymer filmthe substrate in an aqueous en-
vironment. Similar behavior was observed for a egponding series of
POEGMAb-PSh-POEGMA copolymers (in which the central block @ysty-
rene) of POEGMA:PS weight ratios >~1). Thus theavw#dr was not intrinsic to
polysilane block copolymers. Water contact angfesd8%° were observed for the
PHEMA-b-PMPSh-PHEMA and PMMAb-PMPSbh-PMMA copolymers and a
poly methylmethacrylic acitlockpolymethyl methacrylatelockpolymethyl
methacrylic acid copolymer and no delamination elaserved upon immersion in
water. It was therefore proposed that the presehB® EGMA blocks is a critical
factor in addition to appropriate hydrophobic:hyahdic weight ratios.

The tapping mode AFMs of Figure 13 are examplegb@height and phase im-
ages of the POEGMA-b-PMPSb-POEGMA films coated laisg They reveal
smooth surfaces with lateral microphase separdfibtms of the copolymers
coated on gold surfaces (hydrophobic) are simélattypified by the phase images
for both systems shown on the same scale in Fitur®espite this the contact

angles of water at these surfaces differed coredidigrX-ray photoelectron spec-
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troscopy, XPS, was used to probe the effects of@msion in water of the hydro-
philically unstable films of POEGMA-PMPSh-POEGMA coated on gold and
glass. Prior to immersion, the spectra indicatslight accumulation of the PMPS
on the outer surface of the films. The film coabedgold was unaffected by im-
mersion but that coated on glass indicated a slaiftrto a higher POEGMA con-
tent at the outer surface. Thus XPS indicatedahatirrangement of the surface
morphology took place when the films over glass eamto contact with water
whereas no rearrangement occurred for films ovkt. go contrast, the stable
(non-delaminating) films coated on glass have irggt rough, granular surfaces
with a micellar-like structure. The thin film crossctions of Figure 14 represent
models for the self-organization of the delamirgxBA block copolymers over

glass and gold substrates that are based on tive abservations.

The amphiphilic block copolymers PHEMB&PMPSh-PHEMA and POEGMA-
b-PMPSh-POEGMA have found applications as templates ferghtterning of
cell growth [51] and the patterning of biomimetiystallization processes [52]. In
the first case the selective delamination of POEGIMRMPSh-POEGMA was
utilized [51]. Samples were spun-cast onto patekgwd-electrodes (20nm thick,
100-600mm wide) on a glass substrate. The resulting filreseimmersed in a
cell culture medium for 3 days over which time topolymer detached from the
glass surface but remained on the gold (the dektinimwas significantly faster
using the cell culture medium rather than wateii)lastrated schematically in
Figure 15. Similar effects were observed for th&EBMA-b-PSH-POEGMA
samples but in the case of the POEGIHRMPSh-POEGMA samples delamina-
tion could be monitored by UV-vis spectroscopy byimg the disappearance of
the characteristic UV absorption peak due to thé®’BNFigure 15). When the co-
polymer films were exposed to a cell culture mediarthe presence of C2C12
mouse myoblasts (undifferentiated muscle cellshiwi24 hours a pattern of
aligned myoblasts was visible on the glass lanésdmn the gold electrodes as a
consequence of the delamination of the copolymigiu(E 16). The copolymer

film on the gold electrodes remained free of cafisa consequence of the
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POEGMA component of the copolymer (poly(ethylen@ex compounds are re-
sistant to protein adsorption and cell adhesidrshould be noted that this dela-
mination process occurs within films forming a d¢onbus thin films over the
glass and gold surfaces. Thus it remains a rembrkéthple means of protect-
ing/covering the hydrophobic parts of patternedasigs through a simple applica-

tion of a polymer film followed by immersion anchsing.

The PHEMAb-PMPSh-PHEMA amphiphilic ABA block copolymers were used
to generate patterned calcium carbonate films diitiensions of several hundreds
of microns using the photolithographic propertiéthe polysilane component
[52]. PHEMA-b-PMPSbh-PHEMA was spin cast from THF solution onto glass
substrates. On this polymer layer continuous fihsalcium carbonate, CaGO

~ 1mm thick were grown by immersing them in an aque@a€} solution con-
taining poly(acrylic acid) and allowing G@apor from (NH),COsto diffuse into
these solutions (Figure 17). Surface profilometrgvged that the average thick-
ness of the CaC@ilms was~ Inm. Optical microscopy, FT-IR and SEM all dem-
onstrated that the films were amorphous with fevbedded crystalline spheru-
lites. Upon standing, the film crystallized as aewstrated by SEM, FT-IR and
Powder X-Ray Diffraction (PXRD). When the polyménts were irradiated with
UV light (360 nm) through a mask for 2hrs, thedliesied polymer lanes could be
removed selectively by washing with ethanol, resgltn a pattern of polymer
lanes 200 m wide and ~ 30 nm high (as determined by surfacélpmetry).

When these patterned films were subjected to timerai film formation process,
CaCQ was deposited both on the polymer lanes and oartees from which the
polymer had been removed. However, when the minealdeposited onto a pre-
exposed but undeveloped polymer film, the Ca@®er grown on the irradiated
lanes could be selectively removed upon immersfahefilm into ethanol, re-
sulting in the formation of a patterned Ca{im (Figure 18).The non-patterned
CaCqQ films could be observed to crystallize within 1y optical microscopy.
However the patterned films stayed amorphous f8durs under ambient con-

ditions and were only completely crystalline af?drhrs, which is probably due to
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the use of ethanol in the patterning proceduréhiass known to stabilize ACC
(amorphous calcium carbonate). Subsequently cklireuexperiments were per-
formed and the results indicated that the CaSstrates support rat bone mar-
row stromal cell attachment, proliferation and eliéntiation into osteoblast and
osteoclast-like cells. Moreover, mineral formatimnthe osteoblast-like cells was
favored on the CaC@ilms compared to the developed polymer films.dAlthe
osteoclast-like cells can degrade the Ca€il@ns. Therefore, these patterns of
CaCqQ films can be regarded as suitable 2D model sulestfar bone cells. In
addition, the patterning method presented heretisastricted only to glass sub-
strates unlike the use of patterned SAMs (selfrabted monolayers), where the
choice of substrates is limited. In general thishod would allow for the photo-
generation of patterns of Cag@n a variety of substrates, including e.g. conduct
ing polymers, which would be beneficial for elec#li stimulation of cells to en-

hance their proliferation and differentiation.

3.2. Self-Assembly of Polysilane Block CopolymarsSiolution

The first self-assembling block copolymers werelPBMPSh-PS synthesised by
Matyjaszewski and Mdéller. They observed micellagragates by AFM after cast-
ing dilute dioxane solutions ( a solvent selecfivethe PS block) of the copoly-
mer. The observed micelles were taken to havenaté&¥MPS cores and were
measured at 25-30nm in diameter [48]. The firdtastembling amphiphilic po-
lysilane block copolymers to be investigated wasRMPS-PEO multi-block co-
polymer with normal distribution PMPS blocks andfonm low polydispersity
PEO blocks. After dialysis aqueous dispersionsisf¢copolymer formed micellar
as well as vesicular structures [53] as shown gufe 19. Encapsulation of the
water soluble 5-carboxyfluoroscein dye confirmee filrmation of vesicles. A

pressure-area isotherm was recorded for a monotdybe copolymer at the air-
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water interface to investigate the likely oriengatiof chains in the vesicle walls. A
lift-off area of 30 nr moleculé' corresponding to the approximate cross sectional
area of three PMPS chains oriented perpendiculdmetair-water interface were
observed. More detailed studies [54] of the surfaseoelastic properties of the
spread films at the air-water interface have reagtabmplex relaxation processes
that follow none of the simple models that mightelypected. This was attributed
to the rigid nature of the polysilane blocks. Thé-ls spectra of the aqueous
dispersions display s-s* transition associated withl g.x = 342 nm compared to
molecularly dissolved PMPS with,., = 337 to 340 nm, indicating that within the
aggregates the polysilane segments were more edehdn in solution. Based on
these observations a structural model of the \esiobuld be constructed (Figure
19).

The aggregation of the PMPS-PEO copolymers in moiwnd dispersion was fur-
thered probed using fluorescence spectroscopy.a\ sed shift in the fluorescent
emission maximum was observed on increasing therneantent, attributable to
more effective energy transfer from shorter to EmMgMPS segments. This indi-
cated that higher water contents induced the alegraf PMPS segments. Ab-
sorption spectra showed similar trends. Below 4Q8ewcontent the block copo-
lymer was molecularly dissolved as evidenced by Tatd dynamic light
scattering. However, from 40% to 80% water contemtellar fibers with diame-
ters of 20 nm and up to several microns in lengthevobserved. TEM images of
samples both unstained and stained with uranyhgeare shown in Figures 20a-
c. The unstained sample highlights the hydrophBi®S segments and the
stained sample also shows the polar PEO segmeatprasective hydrophilic
sheath around the core of PMPS as depicted irctrensatic of Figure 20d. At
water concentrations above 80%, both right- antehlahded helical aggregates
were observed. These superstructures had lengths-2frm, widths up to 0.2 m,
and a pitch of approximately 0.15 m (Figure 21)e Tielicity of the aggregates
was attributed to the known helical conformatiorttef polysilane segments [20,

21] arising form the close-packing of helical segtseof the same screw-sense.
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This was in analogy to the close packing of tharkeelical poly(isocyanide)

segments in polystyrene and peptide based poly@side) block copolymers.

The masked disilene procedure was used by Sakulai@workers to synthesize
two samples of diblock copolymers of 1,1-dimethy2-Bihexylsilane (MHS) and
2-(trimethylsilyloxy)ethyl methacrylate, which diffed only in the relative lengths
of their blocks. Hydrolysis of the trimethylsilyt@tecting groups gave the corres-
ponding amphiphilic diblock copolymers, poly(1,Irdithyl-2,2- dihexyldisilene)-
b-poly(2-hydroxyethyl methacrylate) (PMH S-b-PHEMAlepicted in Figure 22
[33]. In the solid state at room temperature, PMtaS d . at 334 nm in which

it takes on an ordered conformation (originallyugbt to beransbut most prob-
ably helical) but in toluene had gax 0of 307 nm (resulting from a disordered con-
formation). The PMHS-PHEMA copolymer (copolymer 1) in methanol exhibits
absorption with & ,oxat 334 nm so it was concluded that the PMHS blesks
isted in a hydrophobic micellar core as a solidcaumded by the hydrophilic
PHEMA blocks. In toluene solution, copolymer 2, witlatively shorter HEMA
blocks, exhibited & ., 0f 307 nm. Thus, the PMHS blocks exist either aoeo-

na or are molecularly dissolved. In addition, copmér 1 showed solvatochrom-
ism related to the change between micelles andemsinCopolymer 1 forms ki-
netically frozen micelles as the component polyslalock has a glass transition
temperature (J) higher than room temperature so the morphologybeaob-
served directly using AFM operating in the tappmgde. A cast solid film on mi-
ca-coated from a methanol solution indicated edligal micellar structures with a
size of 50-60 nm in agreement with the observatafrstatic light scattering expe-
riments (Figure 23).

Poly(1,1-dimethyl-2,2-dihexyldisilend)lock-poly (methacrylic acid) (PHMSb-
PMAA) with a PMHS:PMAA molar monomer unit ratio #f20 was also prepared
by a sequential anionic polymerization of ‘maskedilenes and trimethylsilyl
methacrylate, followed by hydrolysis of the trim@#ilyl protecting group [34].
PMHSHh-PMAA was soluble in water and self-assembled tanfpolymer mi-

celles with an average diameter of 170 nm in water concentration of 0.2 g L-1
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at 25 °C.

Subsequently methacrylic acid block was reactet @2-
(ethylenedioxy)diethylamine to form shell crosskbid micelles (SCM) (Figure
24)."H-NMR signals from the PHMS core could not be degedn DO solution
because of very long relaxation times arising ftbmsolid core, however, upon
the addition of an excess of THF-d8 to the solytggnals from the core were ob-
served as the PMHS blocks became solvated. Salid 6P-MAS°Si NMR
demonstrated the presence of two signals at -2®l6356.7 ppm, assignable to di-
hexylsilylene and dimethylsilylene units, respeetyv DLS studies indicated the
intensity-averaged diameter of the particles td ®@ nm with mono-dispersed
spheres, consistent with the size of the micelfdhoparent PMH®-PMAA,
though slightly shrunken. AFM images revealed sighéparticles of about 50 nm

diameter in the dry state.

The polysilane core part within the shell crossdid micelles was photodegraded
by UV irradiation ( 280 nm) and dialysis against water produced nateme
sized hollow particles (Figure 25) [35]. In the WYdsorption spectra, a continuous
blue shift in the absorption maximum was observatihd photoirradiation con-
firming degradation of the polysilane core. Subsedly 5,6-carboxyfluorescein
(CF) was encapsulated into the nanometer-sizedwgdhrticles prepared by a
similar procedure; prolonged dialysis led to tHease of the dye from the par-
ticles. A further application of these SCMs invalhe reduction of HAuGIwith
the polysilane core of the micelles [55]. Polysdarave relatively low oxidation
potentials and consequently are able to reducainertetal ions with the Si-Si
bonds undergoing oxidation to Si-O bonds. In thammer gold-nanoparticles of
12 = 5.7nm in diameter were produced in the cofélseoSCMs with diameters of
25 £ 5.7nm. The SCM Au nanopatrticles were chareeteérby TEM and UV-vis
spectroscopy. In a similar manner the polysilaneettés were used to reduce
PdCl, to give SCM Pd nanoparticles of 20 = 10.7nm di@m&6]. The SCM-Pd
nanoparticles were subsequently shown to be eftectitalyst for alkene hydro-

genation and in Heck reactions. The polysilane-Pdtck copolymers prepared
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in this study were further utilized in stabilizisdica nanoparticles through chem-

ical attachment to aminopropyl surface groups.

To complement the aggregation studies of the nbltttk PMPS-PEO polymers,
the self-assembly of the amphiphilic triblock copoers, PHEMAb-PMP Sh-
PHEMA and POEGMAb-PMPSh-POEGMA were investigated [42]. Series of
each of the block copolymers, prepared using thRRRmacroinitiator approach,
were studied using TEM and dynamic light scatteringhe case of the PHEMA-
b-PMPSbh-PHEMA copolymers in aqueous dispersion, only niécedggregates
10-20 nm in diameter were observed (Figure 26a}ohtrast, aqueous disper-
sions of POEGMAb-PMPSh-POEGMA contained some large spherical aggre-
gates with diameters of between 300 and 1@@0among a lot of micellar materi-
al of diameter 15—30 nm (Figure 26b). Silicon havinsignificantly greater
electron capture cross-section than carbon, tHeataas in the centers of the
larger aggregates are taken to be silicon-contgirégions. In some cases, sheet-
like aggregates were formed (Figure 26¢) and edadiiffraction patterns (Figure
26d), revealed these to have a hexagonal closeedanternal structure. PMPS is
usually described as being amorphous but has eemsto possess 10% crystal-
linity and to have a diffraction pattern of neax&igonal symmetry for a meso-
phase [58]. However, the high level of organizatiathin the block copolymer
indicates a bilayer with a smectic-like arrangenwrthe PMPS chains that is not
dissimilar to observations of amphiphilic polythif@mes in aqueous dispersion
[59]. The degradation of several of the polysilaggregates upon exposure to UV
light (I max= 254 nm) was demonstrated by monitoring the dindpe intensity of
the UV absorption band at 334 nm (Figure 27). Atjeegates were shown to de-
grade with only slight variations in rate. Such idefation shows that polysilane
block copolymer aggregates hold promise as lightisi-responsive materials.
Studies are currently underway in our group to packate hydrophobic materials
in the polysilane hydrophobic cores of these méseind control release of the

encapsulated materials through exposure to UV (igigure 28).
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4. Conclusions

A number of approaches to the synthesipalysilane copolymers exist and the
most promising have led to the synthesis of a nurabpolysilane block copoly-
mer structures. Arguably the most intriguing ofsthare the classic amphiphilic
block copolymers containing hydrophobic polysilamoenponents and hydrophilic
vinyl polymer blocks. Thin films of polysilane blkcopolymers have been dem-
onstrated to adopt microphase separated struatittesylindrical or lamellar
morphologies predominating. A number of polysil&heck copolymers have
been shown to form aggregates in aqueous solutwadpminantly micelles but
vesicles and bilayers are also evident. The lattectures arising most likely as a
result of the rod-like structure of the polysilawmponents. Despite interest in
the optical and electronic properties of polysiktiee most interesting applica-
tions of their block copolymers have been in ushegr photolability as a means
to pattern thin films (e.g. for controlled crysiadition) or generate unique aggre-
gate structures (e.g. hollow shell-cross-linkedethés). This might not be consi-
dered surprising as this is an almost unique featéipolysilane materials; their
ability to undergo photodegradation under non-emg&onditions. In contrast
many of their optical and electronic propertiesmatched and/or exceeded by the
vast array op-conjugated polymers and copolymers that have bgethesized
and studied over the past two decades. It is likedy the any future applications
and interest in polysilane block copolymers wiBice in the coupling of this pho-

tolability with other properties resulting from taemplementary block.



18

References
[1] Miller RD, Michl J (1989) ChemRev 89:1359 and refaes therein
[2] Shieh YT, Hsu TM, Sawan SP (1996) J Appl Polym&xiL723
[3] Keppler RG, Zeigler JM, Harrah LA, Kurtz SR (19%Hh)ys Revs B35:2818
[4] Samuel LM, Sanda PN, Miller RD (1989) ChemPhyslL&@:227
[5] Suzuki H, Hoshino S, Furukawa K, Ebata K, Yuan @&teyl | (2000) Polym Adv
Technol 11:460
[6] Hasegawa T, lwasa Y, Koda T, Kishida H, Tokura Yad& S, Tashiro H, Tachibana
H, Matsumoto M, Miller RD (1995) Synth Met 71:1679
[7] Kishida ZH, Hasegawa T, lwasa Y, Koda T, TokuraTéchibana H, Matsumoto
M,SWada, Lay IT,Tashiro H (1994) Phys Revs B50:7786
[8] Yajima S, Hasegawa Y, Hayashi J, liinura HJ (19¥B)ater Sci 13:2569
[9] Yajima S, Hayashi J, Omori M (1975) Chem Lett 931
[10] Peinado C, Alonso A, Catalina F, Schnabel W (20083romol Chem Phys 201:1156
[11] Yacgi Y, Schnabel W (1992) Macromol Chem Macromgin 60:133
[12] Miller RD, Walraff G, Clecal N, Sooriyakurnaran Riichl J, Karatsu T, McKinley
Al, Klingensmith KA, Downing J (1989) J Polym Engi®9:882
[13] Hamley IW, The Physics of Block Copolymers, Oxfaidiversity Press:Oxford, 1998
[14] Discher BM, Hammer DA, Bates FS, Discher DE (200Q)r Opin Colloid Interface
Sci 5:125-131
[15] Zhang L, Eisenberg A (1995) Science 268:1728-1731
[16] Won YY, Davis HT, Bates FS (1999) Science 283:968-9
[17] Kataoka K, Harada A, Nagasaki Y (2001)Adv Drug DdRev 47:113-131 (b) Allen

C, Maysinger D, Eisenberg A (1999) Colloids SurBBinterfaces 16:3—27 (c) Kakizawa Y,
Kataoka K (2002) Adv Drug Deliv Rev 54:203-222

[18] Caruso F, Caruso RA, Mohwald H (1998) Science 28Pt11114

[19] (@) Liu J, Sheina E, Kowalewski T, McCullough RDO(®2) Angew Chem Int Ed
41:329-332 (b) Jenekhe SA, Chen XL (1999) Scier@®3¥2-375, (c) Jenekhe SA, Chen X
Science (1998) 279:1903-1907 (d) Chen XL, Jenekihe(ZD00) Macromolecules 33:4610-
4612 (e) de Boer B, Stalmach U, van Hutten PF, Bte2, Krasnikov VV, Hadziioannou G
(2001) Polymer 42:9097-9109 (f) van Hutten PF, Kiksv VV, Hadziioannou G (2001)
Synthetic Metals 122:83-86 (g) Stalmach U, de B&er Videlot C, van Hutten PF,
Hadziioannou G (2000) J Am Chem Soc 122:5464-5472\idawski G, Rawiso M, Francois
B (1994) Nature 369:387-389

[20] Fujiki M (2001) Macromol Rapid Commun 22:539 antkerences therein

[21] Fujiki M, Koe J (2000). In: Jones RG, Ando W, Chmjrski J (eds) Silicon-Based Po-
lymer: The Science and Technology of Their Synthesid Applications, Kluwer Academic
Publishers, Dordrecht

[22] Mark JE, Allcock HR, West R (1992) Inorganic PolysePrentice-Hall, New Jersey

[23] Cypryk M, Chrusciel J, Fossum E, Matyjaszewski R93) Makromol Chem Macro-
mol Symp 73:167

[24] Sakamoto K, Obata K, Hirata H, Nakajima M, Sakufa{1989) J Am Chem Soc
111:7641

[25] Aitken C, Harrod JF, Samuel E (1985) J OrganomeinCR79:C11

[26] Jones RG, Ando W, Chojnowski J (2000) Silicon-BaBetymers: The Science and
Technology of their Synthesis and Applications.Wwéu Academic Publishers, Dordrecht

[27] (a) Jones RG, Budnick U, Holder SJ, Wong WKC (199Bicromolecules 29:8036

(b) Jones RG, Wong WKC, Holder SJ (1998) Organoifiextal 7:59 (c) Holder SJ, Achilleos
M, Jones RG (2005)Macromolecules 38:1633-1639



19

[28] (a) West R, Wolff AR, Peterson DJ (1986) J Radiat £3:35 (b) Yucesan D, Hostoy-
gar H, Denizligil S, Yacgi Y (1994) Angew Makrom@hem 221:207 (c) Yacgi Y, Krninek |,
Schnabel W (1993) Polymer 34:426 (d) Wolff A, WBst1987) Appl Organomet Chem 1:7

[29] Demoustier-Champagne S, de Mahieu AF, Devaux &, Rayeyssie Ph (1993) J Po-
lym Sci 31:2009-2014
[30] (a) Demoustier-Champagne S, Canivet |, Devauxrdpmie R (1997) J Polym Sci Part

A:Polym Chem 35:1939-1948 (c) Schwegler LA, She&®, Moller M, Fossum E, Maty-
jaszewski K (1999) Macromolecules 32:5901-5904

[31] Lutsen L, Jones RG (1998) Polym Int 46:3-10

[32] Hiorns RC, Holder SJ, Schué F, Jones RG (2001)nPbiy50:1016

[33] Sanji T, Kitayama F, Sakurai H (1999) Macromoles82:5718

[34] Sanji T, Nakatsuka Y, Kitiyama F, Sakurai H (1999Chem Soc Chem Commun
2201

[35] Sanji T, Nakatsuka Y, Ohnishi S, Sakurai H (200@ckbmolecules 33:8524

[36] (a) Fossum E, Love JA, Matyjaszewski K (1995) Ja&damet Chem 499:253 (b)

Fossum E, Matyjaszewski K (1995). In: Jones RG Glion-Containing Polymers, Royal So-
ciety of Chemistry, Cambridge

[37] Matyjasewski K, (2000) Controlled/’Living” RadicaPolymerization:Progress in
ATRP, NMR and RAFT. American Chemical Society, Wagton,DC,
[38] (a) Kato M, Kamigaito M, Sawamoto M, Higashimura(I995) Macromolecules

28:1721-1723 (b) Wang S, Matyjaszewski K (1995) Mawlecules 28:7901-7910 (c) Percec
V, Barboiu B(1995) Macromolecules 28:7970-7972

[39] Anderson RM, Holder SJ, Jones RG, Rossi NAA (2083ym Internat 53:465

[40] Jones RG, Holder SJ (1997) Macromol Chem Phys 598:3

[41] Rossi NAA, Jones RG, Holder SJ (2003) J Pol SdiA?Rolym Chem 41:30

[42] Holder SJ, Rossi NAA, Yeoh C-T, Durand GG, Boeraki, Sommerdijk NAIM
(2003) J Mater Chem 13:2771

[43] Hamley IW, The Physics of Block Copolymers, Oxfaidiversity Press:Oxford, 1998

[44] (a) Bates FS, Frederickson GH (1990) Ann Rev PHysn€C41:525 (b) Thomas EL,

Lescanec RL (1994) Philos Trans R Soc London S84&149-166 (c) Klok HA, Lecomman-
doux S (2001) Adv Mater 13:1217

[45] (a) Mansky P, Harrison CK, Chaikin PM, Register Riao N (1996) Appl Phys Lett
68:2586 (b) Park M, Harrison CK, Chaikin PM, RegisRA, Adamson DA (1997) Science
276:1401

[46] (@) Fink Y, Urbas AM, Bawendi MG, Joannopoulos Jthomas EL, (1999) J
Lightwave Techn 17:1963 (b) Urbas AM, FinkY, Thonts (1999 Macromolecules 32:4748
(c) Urbas AM, Sharp R, Fink Y, Thomas EL, Xenidoy Rétters LJ (2000) Adv Mater 12:812

[47] (a) Liu GJ, Ding JF, Hashimoto T, Kimishima K, Wikr-M, Nigam S (1999 Chem
Mater 11:2233 (b) Nardin C, Winterhalter M, MeWr(2000) Langmuir 16:7708

[48] Fossum E, Matyjaszewski K, Sheiko SS, Mdller M Mewolecules (1997) 30:1765-
1767

[49] Hiorns RC, Martinez H (2003) Synth Met 139:463

[50] Popescu DC, Rossi NAA, Yeoh C-T, Durand GG, Woulgrdeclere PELG, Thiine
P, Holder SJ, Sommerdijk NAJM (2004) Macromolect8@&s3431-3437

[51] Popescu DC, Lems R, Rossi NAA, Yeoh C-T, HolderEBBiten CVC, Sommerdijk
NAJM (2005) Adv Mater 17:2324-2329

[52] Popescu DC, van Leeuwen ENM, Rossi NAA, Holder Bahsen JA, Sommerdijk
NAJM (2006) Angew Chem Int Ed 45:1762-1767

[53] (a) Holder SJ, Hiorns RC, Williams SJ, SommerdijaJV¥, Jones RG, Nolte RIM

(1998) Chem Comm 1445 (b) Sommerdijk NAJM, Holdér Hiorns RC, Jones RG, Nolte
RJM (2000) Macromolecules 33:8289

[54] Milling AJ, Richards RW, Hiorns RC, Jones RG (200@xcromolecules 33:2651-
2661



20

[55] Sanji T, Ogawa Y, Nakatsuka Y, Tanaka M, Sakura{2803) Chemistry Letters
32:980-981

[56] Sakurai H (2006) Proc Jap Acad Ser B: Phys BidB331257-269

[57] Sanji T, Nakatsuka Y, Sakurai F (2005) Polym J 3&7:1

[58] Demoustier-Champagne S, Jonas A, Devaux J (1997ply Sci B:Polym Phys
35:1727-1736

[59] Brustolin F, Goldoni F, Meijer EW, Sommerdijk NAJNY2002) Macromolecules

35:1054-1059
[60] Sanji T, Takase K, Sakurai H (2001) J Am Chem X #:12690-12691



21

Figure Legends

Fig. 1. Polysilane syntheses: the four main techniques

Fig. 2. Typical synthesis of a polystyrene-block-polysildiieck-polystyrene by a polymer
coupling reaction

Fig. 3. Synthesis of a polymethylphenylsilane-poly(ethglexide) multi-block copolymer

Fig. 4. Approaches to the synthesis of polysilane blocgobpmers by living polymerization
techniques: (a) via anionic polymerization of makKesilenes; (b) via anionic ring-opening po-
lymerization of cyclotetrasilanes

Fig. 5. Synthesis of polystyrenglock-polymethylphenylsilan®ockpolystyrene by a TEMPO
mediated macroinitiator approach

Fig. 6. Synthesis of various polymethylphenylsilane bledpolymers by an ATRP based ma-
cro-initiator approach.

Fig. 7. ATRP of MMA from a Br-PMPS-Br macro-initiator: (8EC traces showing growth of a
PMMA chain; (b) kinetic plots for the polymerisati@f MMA demonstrating living nature eof
polymerization

Fig. 8. TEM picture of a thin section of a film of a PMBSPS copolymer prepared by slow
evaporation from THF. Scale bar = 150 nm. Reprodweih permission from [48], Fossum et
al., Macromolecules (1997) 30:1765-1767. ©AmeriCimemical Society

Fig. 9. SFM micrographs of a thick film of polystyrene-bkeBMPS with Mn = 18,700 and

9,000 and overall polydispersity Mw/Mn = 1.22 (&¥dre and (b) after degradation with 360 nm
light. Reproduced with permission from [48], Fosseinal., Macromolecules (1997) 30:1765-
1767. © American Chemical Society

Fig. 10. (a) Representative AFM image of a PMPS-b-PI serf@oot mean square roughness
over imaged area, 0.071 nm). (b) Profile of PMPBHsurface along line drawn in (a). Maxi-
mum distance between domain peaks: 22.0 nm; minimligtance: 16.8 nm. Reproduced from
[49], Hiorns and Martinez (2003) Synth Met 139:463

Fig. 11. Tentative, idealised, sectional representatiomicfophase separation and organization
in a PMPS-b-PI film.

Fig. 12. Water contact angles | of different substrates. The block copolymer §lmof
POEGMA-b-PMPS-b-POEGMA and POEGMA-b-PS-b-POEGMAestlely delaminate only
from the substrates with a hydrophilic surface upamersion in H20O. Reproduced with per-
mission from [50] Popescu et al., (2004) Macromoles 37:3431-3437. © American Chemical
Society
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Fig. 13. Tapping mode AFM phase images of films of POEGMRMPS-b-POEGMA spin-
coated on a gold and on a glass substrate. Regrdduith permission from [50] Popescu et al.,
(2004) Macromolecules 37:3431-3437. © American GbahSociety

Fig. 14.Postulated models for the self-organization ofdbkminating POEGMA-b-PMPS-b-
POEGMA and POEGMA-b-PS-b-POEGMA block copolymersrogold and glass substrates
(cross section) [50].

Fig. 15. Selective delamination process of POEGMA-PMPS-PBIBGiIms from glass. A) UV
spectra of POEGMA-PMPS-POEGMA films deposited aasg| as spincoated (a - black), after
3 days exposure to.B (b — green), after 5 days exposure t®Hc — red) and after 3 days ex-
posure to C2C12 cell culture medium (d — blue)CB)ss sectional schematics of the process of
selective delamination upon exposure to cell caltedium and cell seeding on the substrates
resulting in the formation of a pattern of non -esllie copolymer-coated gold lanes next to
clean glass lanes where the cells can attach. @nSatic gold electrode arrangements on glass
surface. Reproduced with permission from Popesal. 2005) Advanced Materials 17:2324-
2329. © Wiley-VCH Verlag GmbH & Co.

Fig. 16.A, B) Optical micrographs of C2C12 mouse myoblastached to the glass lanes where
the POEGMA-PMPS-POEGMA film has delaminated. Affgr24 hrs at a high cell seeding
density, B) 8 days, after differentiation into mybés. Scale bars: 106n. (dark gray — gold
lanes; light gray — glass lanes). C) SEM imagehef dligned C2C12 myotubes (13 days after
seeding on the substrates). The arrows indicatdithetion of the glass lanes. Reproduced with
permission from [51], Popescu et al. (2005) Advanbtaterials 17:2324-2329. © Wiley-VCH
Verlag GmbH & Co.

Fig. 17. Schematic representation of (a) a 2D model sulestransisting of alternating lanes of
mineral (CaCO3) and non-mineralized lanes and f(theexperimental procedure for the gener-
ation of patterns of CaCO3. Dimensions are not&des Reproduced with permission from [52]
Popescu et al., (2006) Angew Chem Int Ed 45:176271® Wiley-VCH Verlag GmbH & Co.

Fig. 18.Optical micrographs under cross-polarized ligh(a)fa pattern of CaCO3 discrete crys-
tals, (b) a pattern of CaCO3 film, grown on patéerthin films of PHEMA-b-PMPS-b-PHEMA.
Reproduced with permission from [52] Popescu et(@D06) Angew Chem Int Ed 45:1762-
1767. © Wiley-VCH Verlag GmbH & Co.

Fig. 19. (a, b) TEM images of vesicle dispersions of PMP&E®mM showing (a) a replica of in-
tact (freeze fracturing) and (b) collapsed vesi¢i¢atinum shadowing); bars represent 200 nm.
(c) Schematic representation of the proposed streicif the vesicles showing the hydrophobic
PMPS interior (black) shielded from the aqueoussphay the hydrophilic PEO layers (gray).
Reproduced with permission from [53b], Sommerdijlale (2000) Macromolecules 33:8289. ©
American Chemical Society

Fig. 20.Micellar fibers of PMPSNPEOmM in mixtures of THRdamater (25/75 by volume). TEM
images (a) visualizing the polysilane core of marfibers (unstained, bar represents 250 nm);
(b) revealing the PEO shell using uranyl acetatmstg, (c) showing an example of the bulges
found for many of these fibers. (d) Schematic repnéation of the structure of the micellar fi-
bers showing the PMPS core and the PEO shell. Reped with permission from [53b], Som-
merdijk et al. (2000) Macromolecules 33:8289. © Aicen Chemical Society

Fig. 21.Helical aggregates of PMPSnPEOmM found in a waltdf/mixture of 90/10 (v/v). (a)
TEM image (unstained, bar represents 250 nm) @ffe-handed helix and (b) SEM image (un-
coated, bar represents 250 nm) of a left-handexl. lfe) Schematic representation of the forma-
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tion of a superhelix from the coiling of two helictands. Reproduced with permission from
[53b], Sommerdijk et al. (2000) Macromolecules 2B8. © American Chemical Society

Fig. 22.Synthesis of amphiphilic diblock copolymers of gdlyL-dimethyl-2,2-dihexyldisilene)-
b-poly(2-hydroxyethyl methacrylate). Reproducedvwiermission from [33] Saniji et al. (1999)
Macromolecules 32:5718. © American Chemical Society

Fig. 23. Tapping mode AFM images and vertical profile ofy§ibl1-dimethyl-2,2- dihexyldisi-
lene)-b-poly(2-hydroxyethyl methacrylate) in thdigdilm on mica coated from a methanol so-
lution (0.043 g/L). Reproduced with permission fr¢83] Sanji et al. (1999) Macromolecules
32:5718. © American Chemical Society

Fig. 24.Schematic illustration of the synthetic pathwaytotlow square particles derived from
polysilane shell cross-linked micelles templatespf@duced with permission from [35] Saniji et
al. (2000) Macromolecules 33:8524. © American CleainBociety

Fig.25. Hollow particles prepared from SCMs of poly(1,ndihyl-2,2-dihexyldisilene)-b-
poly(methacrylic acid), (a) AFM image on Pyrex glggate with operating in the contact mode,
(b) vertical profile of the hollow particle shown part (a), and (c) in the tapping mode under
THF wet conditions. Reproduced with permission fi{@5] Saniji et al. (2000) Macromolecules
33:8524. © American Chemical Society

Fig. 26. TEM images of (A) PHEMA-b-PMPS-b-PHEMA micelle®)(POEGMA-b-PMPS-b-
POEGMA large spherical aggregates (C) POEGMA-b-PMABOEGMA sheet structures with
inset (D) a diffraction pattern demonstrating heota packing. Reproduced from [42], Holder
et al. (2003) J Mater Chem 13:2771. © The Royali&pof Chemistry

Fig. 27.Irradiation from 180—-600 nm: (a) UV-Vis spectraoeded at 60 min intervals for the
degradation of PHEMA-b-PMPS-b-PHEMA aggregatesa(p)ot of A/A0 x 100% at max
versus irradiation time for various copolymer aggtes.

Fig. 28.Schematic illustrating proposed mechanism follitite induced release of encapsulated
materials from polysilane micelle cores.
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