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Preparation of Well-Defined Polystyresae-block- Results and Discuusso.
Poly(methylphenylsilylene) Copolynmers ntaidation f te OP ofcyciosuasianea s'ng living polystyryl

anions in benzene in the prestoe ol 12-crown.4 masofs in the format . n ofd&.Ema and Krzysmi sew block copolymers (Schiisit 1). The crossover recto to cyclouilanecDept. of Chiemisty. Carsugie = niva=siVty Polymerization is not 100% efficient as can be shown by the presmnce of
4400 Fifth Averuis, Pinsburgh, PA 15213 unreacted living polystyrene clines. The reactions ware followed by both1H NMR and GPC analysis.

Polysilylents (polysilanes) conssts of a iZISUchain of siio 5 ei The 1H NMR spectuem in Flgmu I confirmst die formation of block
writh two organic substimnmts, generally, either alkyl or aryl p~p.1.~ copolymners as it contains peaks for both poystyrene anjd

Spolymmr Poo na mauring propertes suth as c 'SteUo~ an poly(methylphenylsilylene). us spectum was takenm precipitationo
noi*-aterndplmn olecula weight polystyom is soklubl. This elkalveMly- remove any bonso
and recusorsto slico carid&polystyrene impurities leaving only the block copolymer. GPC own of thHowever. the mechaical properties of polysilylenes ame insfltficlient purified block copolymers are shown in Figure 2. The ace arefor mn aplctions.4  Therefore, it is interesting to combine the monomodal indicaraleLcOMPl Mremova of the polystyrene and have lowmcaniW p:pris iohr polymers with dhe polysilylenes by either polydiservida i 1.3.

blending or prteparing block copolymers Several groups have reoted the
synthesis of block copolymers of polystyrene and pol;;ysiyen West et al.
reported the radical polymerization of styrene initiated by photochemical
reaction of poly(mothylplietryisilylene), PMPS. 5 Daiutc~upgtc
al. synthesized polystyrene-block.PMIPS by the reaction of living polystyryl
anions with chilogoewacapped PMPS' Saskmoto et al. have prepared block
copolymers of poly(methyl methacrylase) and 4[SiMe(n-Bu)SiMe2ja by

suolun adtojn of M.MA to the stil active end gparoup of di polysilylen b) CI<M~i4

Ring opening polymerization of cycioretrsilanes provides a new and in a
promising route to linea polysIlyleneL7.UA It is possible to combine ROP %with other anionic living systems; to prepare new block copolymers. The
synthesis of well-defined polystyrene-block-PMIPS and polyasoprene-block-
PMOPS copolymers will be presented.

Experimental. Benzene was dried over K and then distilled prior to use.
MC4PI4Si4 was prepared as reported previously andi reczystallized prior to
polymoerizations. 7.8.9 SeC-BUUi (Aldrich) Was Used as received. 12-crown-
4 was dried prior to use. Molecular weights and molecular weighta
distributions were determined by gel permeation chromatography (GPQ.
using a Waters 510 pump equipped with a 410 differential refractometer and
photodiode array UIV detector, using THF as cluent with a flow rate of 1.0LLinear) in series. The molecular weight calibration curve was obtained usng'polystyrene standardts. NMR spectra were recordled on an IBM NR-3006
spectrometer. Ali experiments were performed in a VAC Atmosphiere HE,
30 dry box under a nitrogen atmosphere with water and 02 concentrations .wo
below I ppm. In a typiccal experiment sec-BuLi was added to 0.5 mL of
benzene and stirred vigorously. 110 ILLof styrene (freshly distilled) was ' i~
added via syringe. After complete conversion of the styrene to polymer, ca. S.I 7.11 5.3 5.1 4.1 3.3 Z.5 1.8 31.3
20 min., a 0. 15 niL sample was taken for GPC analysis. A solution of 120 F
mng of Mc4Ph4Si4, 5.0 ILL 12-crown-4, and 0.5 niL of benzene was added Figure 1. 300 MHz 1H NMR spectrum (C6D6) of PS/PMPS blockvia syringe, the color turned from dark orange to a yellow/brown in color, precipitated from acetone to remove honmo polystyrene.
After a further 20 min. the solution was exposed to air to terminate the
polymerization. Precipitation into methanol yielded the crude vroduct which
contained some homo polystyrene. Homo polystyrene was removed by.....

peiitation into acetone to yield pure block copolymer.[I

Scheme I

Ifllt.(CH2 C)- U C*. 5 C M 4 Lm,4 .J14 ap i-'tCH2- ~~Mes'i-/
m 12-crown-4 ... utX2.4-\iPT1
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Figure 2. GPC trces ofil) homo polystyrene Lgnm5,300. R.A/,.- L.15).11) crude PS/PMPS block (fIf,=l2,900. %I,/RM,=l.37), and III) purified
PS/PMPS (fln= 16,300. 1~t~l.3 1) acquired at 254 nm.



Evidence for the formation of blocks rather than two' hoooynnrs
also comes frow the GPC mace shown in Figure 2. Them,- for the crude
block product is shifted to much higher moilecular weights than that for the
original polystyrene. At 254mam unreacted polystyrene a. presefh evidencedb
by the small lower molecular weight shoulder. However, this lower CH
molecular weight shoulder is absent at 338 mu. a wavelength unique to -ý-; M if)
polysilyienes. This indicates the formation of block copolymes and then
"prsec of hos poytyee m

The relevant molecular weight data for homo polystyrene, crude
reaction products, and purified block copolymners is shown in Table 1. As
the percentage of polystyrene increased it became increasingly difficult to
precipiate the block copolymer irnt aceone because of increased solubility.
therefore, it was necessary to remain on the lower end of styrene f
com~positioni.

Table 1. Molecular weight data for homo polystyrene, pufifed PS-block-
PMPS. and the calculated theoretical molecular weight values.

(Sdl~lo DP~IDPle M0  [Si4J6tII@ DP2vjDP2. 0-

0.907/0.04 23(23 2.400 0.2310.015 15(24 13.900
(1.16) (1.34) c

1.80/0.04 46/51 5.300 0.2310.015 15123 16,3M0
(1.15) (1.31)

3.60/0.04 9Z/116 12,100 0.23/0.015 15/3 26.500
(1.13) (1.34)

7.20/0.04 184/245 25.500 0.23/0.015 15(28 38.900
(1.18) (1.37) ____________________________

The molecular weights of the polysilylene blocks donot correlate 0.0 7.0 6.6 5.2 4.3 3.8 2.6 1.3 6.6
well with [Mlofl[o and are nearly twice as high as the expected values. The PPN
higher values fo~r the polysilylene block can be explained by an inefficient Figur 3. 300 MHz 1H NMR spectusim of the Copolymer Of polyisoprene
cross-over reaiction and also the presence of a small amount of impurity in adPP rcptteurmssaet emv ooPliorw
the cyclotetrasilane solution which may ariaem sam poly$"=~ c hifrmprinetormvehm ptiopee
leading so actual concentrations of ininator lower than the calculated values. The GPC tace of the crude block copolymser is shifted to higher
Also, the molecular weights determined for the blocks ame based on mlclrwihsta h aetpliorn.bttelre oe
polystyrene standards and may not give absolute values for th poyiyee mlecular weightsthanuther pniatenefcent ponytiapre n but the lareower
block. Regardless, the molecular weight disributions are relatively low for molelr. wheih shouopldioper id cate inefficent b i pitia pioofthetseondm
block copolymers of this type, which indicates that transfer reactions ae-. mnmr h on oyspeecnb eoe ypeiiainit

likely. ~ ~ ~ ~ ~ ~ ~ ~ ~~t Thema trniin,'uha"lsntasto emeaue orth hexane yielding only the block copolymer as the precipitate This material
bloks ae onisen wthknwnvalues. Th osblt fcould have a higher potential for microphase, separation than the PS/PM[PSsty'rene blcs mcnistnwt known Th osbliyo hs blocks due to the preater differences in chemical natur of the individual

separation in these syrsterm icurnludesty.components. Studie involving the effects of composition in this system are

Schene Hcurrently being carried out.

Conclusions.
CHI MeI4Ph4Si4  Block copolymers of polystyrene and poly(inethylphenylsilylene),

ON PSIPMPS, and polyisoprene and PMPS, P]/PMPS have been prepared by
Imit 1 H2 C'CH-CHb U 2-crown-4 CH3  the subsequent addition of cyclotetrsilane monomer to the living anionic

mit ~~ p'C~(eSi4  olymerizations of the respective monomers. Evidence for the formation of
M ni CH2-C-CH'pCH block copolymers as opposed to mixtures of homopolymers resulting from

m nl transfer reactions comes from GPC analysis and also solubility differences
of the two homopolymers. The efficiencies of initiation of' the second

H' in reasonably good yields. The phase behavior for the copolym~ers is
currently under study.
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