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Z=E: Fz27} Aol9 polyhedral oligomeric silsesquioxane (POSS)-& F7|&2 8 AgHA(PS)-& H7]1%
A2 ARESle] 71840l 7Heddo® g4lE F Qe AR 7157 e ERASE A Hdvt =
¥ POSSSl PSobe] Edtglol Mt choket Sanloia FHsta, #dst BRARE 45 F Uch wdef
Ale)|ZF2a4717 =909 POSSS PSele] Eftalelds EF9sty, Eadst 58S A9k webs] Hd7)7}
=€ POSSs} PS7HEl E]%1Q1 A §H(physical bonding), % aromatic (z—n A¥E 3] A7 #7154
o FNEAE BEslel] A8 FE ARR-EAY 388 % (chemical bonding) §lo1% F d€0] M2 FdstA
3712 EAE AEE JeEARE AxT & Rtk T3 POSSE o] &3 dofxl Wil 71&
o] £—A(sol-ge)WHoE Lozl EtAele 2], Sullol]l oA =1, B84 AT o837 Wi 7193
o2 BEsA EEARE U F v A /T Uitk A HAR EEARY] #YdT S A
FAIGEA71(DSC) 8 FAFAFEY)E (SEM) H X—4 31284171 (XRD) o] 2)3] Eelsisick

Abstract . Polyhedral oligomeric silsesquioxanes (POSS) were used as starting materials for the
preparation of hybrid materials with polystyrene (PS). Optically transparent hybrids were obtained
in a wide range of weight ratios when phenyl groups were introduced to each corner of the
silsesquioxane. In contrast, as cyclohexyl groups were introduced, the obtained hybrid materials
\\:i.th PS resulted in turbid films. The aromatic (z—=) interaction was confirmed to be a quite
effective tool for the synthesis of organic—inorganic polymer hybrids with POSS. The obtained
homogeneous and transparent hybrid films could be dissolved in solvents and cast again without
any separation. The homogeneity of polymer hybrids with POSS was supported by the resuit of
scanning electron microscopy (SEM), X—ray diffraction (XRD), and differential scanning calorimetry
(DSC), which demonstrated a nanometer—level integration of PS and POSS.
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mjFo|t}, ) -2 o doizl oY Ao T (metal
oxide) & 27} BR8] FxAll7} oHw, 7Y &
Fikso] ops Fot HE SAR|S F22] 5] Yo
¢ L 7T ek® olelg &4 W o] JE sk
2ty F7BARAM olu] FZ7} AlejE Aol (cage) B2 4
HZANEARPOSS) ol thgt 71 2ol @3] Flasoix| 1
QT POSSE T2 AT f71-F7) BAEERA AR
QJEEE (core) < A silica) 2 HoIU T vPZH-E2 8719
12872 B Aod Qe 1~3 nm 278 553 7 2E A
W 3eEolt}, B3 POSSE wEEe] #718-471% J3le] th
kst §7)gue] A =1, pEAY JETT 243817 ulgel
FNEAEA F718-T 243 VEeE B T e %

£ XA k. B A= olEg POSSE |83ty tikst &
g

S

uRAE 9 G757 BEARE Ak ofE 5o, POSS
MAAZ olgst &4 Al 24 30 24 94 1@
2R etk ALY v A7)2 BANE BE 571 B
) oy

E AT E f71E22A Z2EAPS)H FVEIEA
POSSSe) B2)1AQ) A% 2 aromatic(r—) interactione ©)&
glo] #7]-57) YeBBARE Axdty, 1 594 AR
POSSSF PSIF A2 sk the 2712 3, #Ake BYs £
A BIAEE 48 F 9tk dE f7]-57) UeEEAE
kst 7| grell 2 511, thA] fulel] B ek EA H3
ARE NMEA0z AZT F Atk

S

2. 1,2-Dichloroethanes MgSO, &4 slellr FH/ate] At
galgict S W22 47} sodium® magnesium me—
thoxide &A] alollA E73 T ARESIITE Azobisisobuty—
ronitrile (AIBN) & 40 C¢] g2l Hof AZYe = A3
t} o] kel ARg-Eo)R oo} AJeke BHst HA glo] 17 Aok
S ALgETE PSE JRAIAIERA AIBNE o]&ste] HAl ) &
oA Bt $3E sho] FUTHAM=17700, M,=24500, M/
M,=1.39). Octa(hydridosilsesquioxane) (H-PQOSS) & o]
BE Tl wet EAE RS

£2M 34" EFES FZ+ FTIRHitachi 260-50) %
FT—-NMR (270MHz JEOL-INM-GX270)-& AF&3lo] 243}
gt} A POSSS] 4843 Sekio InstrumentsAt] ther—
mogravimetric analysis(TGA) (52 £% 10 C/min) &} TA
InstrumentsAt?] differential scanning calorimetry (DSC) &
ARgslel 2Asieinh. 99 f71-F7) &Y BEEARe 2EE
2|9} #UA)LE scanning electron microscopy (SEM) (JEOL
JSM~-5310/LV) 8} X—ray diffraction (XRD) (Rigaku Rint2000)
° 2 747} ERlagiTh

Octa(3-phenylpropylloctasilsesquioxane (Phenyipropyl-POSS)
o| &y, AF&-o M W77 B-2tEl 37 T2 FekId H-
POSS 1.174 g(2.76 mmol) # 1,2—dichloroethane 40 mLZ
Q3 ALRy] slolA] wRsigick o] 9ol allylbenzene 3.92

Ze o B gAE 381

2(33.1 mmol) & HoPtCls - 6H0(2.78 mM)©] Eol%i= 1,2—
dimethoxyethane €% 0.5 mL& 7}3 o2, 2417 E9F 85,
RG] o)A FAFAE ElE AAANTIL, D2 crude
oily A5 n—EAta} ojdolAlElo]EL] H3] B]7} 9 1191 §HS
olgd] ZgdzzriE 1S AAI8le] phenylpropyl”] 87171 =
AH =3 POSSE At 82 69%(2.64 g) )t

'"H-NMR(CDCls) : 6 7.3—7.2(m, 5H), 2.67 (¢, 2H), 1.77(m,
2H), 0.70(, 2H), ®Si-NMR(CDCly): 5-66.8. Ceramic vield
(TGA): 33.6%.

Octa(3-cyclohexylpropyl)octasilsesquioxane (Cyclohexyl-POSS)
9| . H-POSS 2.5 g(0.59 mmol) # 1,2—dichloroethane
40 mLE ¥Z47)7} F-28 37 32 Zupadel] ¥al ARl
atollA] wrkatdtt o] g allylcyclohexane 0.71 g(5.72
mmol) # HyPtClg - 6H:0(2.78 mM) o] E8) 1,2—dimeth—
oxyethane €9 0.25 mL2 718t g, 4417 B4 80 CelA]
B, IRkt T - o] EFLAE 2o YziAA 49
HAE-L Ak I M nAE A 1,2—dichloroethane®l
zo| AAASI] cyclohexylpropyl”] 8717 EYE <=3
POSSE Atk 482 94%(0.78 g) o)t

'H-NMR(CDCl3) : 61.66(m, 4H), 1.38(m, 2H), 1.20(m,
6H), 0.86(m, 2H), 0.57(t, 2H), “*Si— NMR(CDCl3) : 6-66.7.
Ceramic yield(TGA) : 34.3%.

Ea|AE[A(PS)2} AMATFISHRIPOSS)E 088 MER L
2312 MZE. PSS POSSE thdst F3HIR 412 & 574
& Jlele] 127F Sk ARl awteinh o o] EFEdS
71l €a &FrlE TYE 9 § 40 T AzelA &F
e AzFAY

An I EE

B AT 2a8 2AE] st w71 n8A PSe £
7Vs8 F1ER2A Ad7]E £88= phenylpropyl-POSSE

435190tk Phenylpropyl—POSSE H-P0OSS$} allylbenzene
£ platinic acid & slo) hydrosilylation W82 F3le] 4
Hck H-POSS 9j#9] 871¢] BE Fav AFHOE 3-
phenylpropyl7|2 X 8H=]21ch(Scheme 1). & H-POSSS] 'H-
NMRAHEZo] 4.25 ppmeollA YER = Si—H 870¢] 493
7} Ayx 2, EFA Siell Adstd oddr]e] 47} 0.70 ppm
o AhEA ebdTh 3 Hdr1e] $47) 7.3~7.2 ppm ARl
ol sl m e veRde) 185 2Si-NMRel —66.8 ppmolA
oA & 749 J471 et olF EATIESY FAARHE
A Tz} U3 AR ERE AsH= POSS/T shA
LRSS Uit

A% phenylpropyl—POSSE PS& 4] E4lloll 52l ¥,
1A1ZF E9F ARl wRks 3 40 T Ax7|oAM aF 53t
2+43) 742 A A phenylpropyl—POSSS) PS7F B3I = 4
A Ao e F9E f-17] Y ETARE Azt
(Scheme 2).

Table 194 &= Az} Zbo] phenylpropyl-POSS$} PSE U}
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Scheme 2. Preparation of the polymer hybrids with PS and
POSS via aromatic interactions.

gL £ 3t} o)A PS9 phenylpropyl-POSS7F E#]&
1 B3I aromatic(r—n) AFCE MZ FUFA e V2 E
arelo] A 3lE 0] 9ok AL oJn)gck?* Phenylpropyl—
POSSe] F3m)7F PSoll tisly] 1/1714] 78I B3AlEe
FHEe gL FAHU
31, cyclohexyl-POSS H-POSSE 9l9} 72 whi oz PS
9+ EAFAA BEARE AZsIY Cyclohexyl—POSSeF H-
POSSZE $4d 53R ¥4+ F35d2 phenylpropyl-
POSSE Alxd EAlsel vls) #A8] Ast=rHTable 1).

G TR HSAA AR A, vl FETE SRAE
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Table 1. Preparation of PS-POSS Polymer Hybrids”

Solvent PS POSS/PS b
Run POSS mL) (@) (wt) Appearance

1 Phenylpropyl-POSS 20 0.2 1/10 transparent
2  Phenylpropyl-POSS 2.0 0.2 1/5  transparent
3 Phenylpropyl-POSS 2.0 0.2 1/2  transparent
4 Phenylpropyl-POSS 2.0 0.2 1/1  transparent
5 H-POSS 20 0.2 1/10 turbid
6 Cyclohexyl—POSS 20 0.2 1/10 turbid

‘0.2 g of polystyrene(PS) was dissolved in 2 mL of toluen:.
POSS was added to the solution. The mixture was stirred for 1
h at room temperature and heated in an oven at 40 C for 1 day.
*Optically observed.

(a)

)

Figure 1. SEM images of PS—POSS polymer hybrids. (a) PS/
phenylpropyl-POSS=10/1 and (b) PS/cyclohexyl-P0OSS=
10/1.
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Figure 1(a)+ phenylpropyl—POSS$} PSQ) E38218.2) SEM
Ao Z T AR ME ZUH L 712 T3 BAkEY Q=
AL BojFEo) dbde Figure 1(b)+ cyclohexyl-POSS2 PS9)
B3t 5] SEM ARzl o2 F AFo] 22t S AF Hajxo]
e AL vERGcE wEbA] 24 Ad71E 7 POSSE PS £
o) ZAgeltl 5 &4 Al]Q] aromatic(r—n) AEE Esdled A
2w e 12 B RS E3ARE AxE 5 3
pel=g

Phenyl-POSS$} PSE whgol?l HAse] FHxs} 4
2 XRD(Figure 2) ¢+ DSC (Figure 3)8 A=t Mrdt o= il
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Figure 2. X—ray diffraction patterns of PS—POSS polymer
hybrids. (a) Phenylpropyl—=POSS and (b) PS/phenylpropyl—
POSS=10/1.
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Figure 3. DSC thermograms of (a) PS/cyclohexyl—POSS or
H-POSS=10/1 and (b) PS/phenylpropyl-POSS=10/1.
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