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Are these recognized as hybrids ?

Compound

Content of the element(%o)
except forH & C

Furrerene 0(100)
Polyacetylene (-CH=CH-) , 0(100)
H ..H
—Omsi°
H‘?@’%\ \pﬁ(')
Te" (HSi03/2), OHY O T 08
\PS|_Oé.@S|_H
H/S ~0—Siy,
Polysilazane (-HaSi-NH-) , 93
Polyphosphazene (-Gl9P=N-) 100




LERE - |MENCTIVY RH?

. 3 3 F/a RTy k 3
E - IMH mamE —>[ LA A ]-» NAFTYwy

m | | I I_

1073 107 10° 107"
Com D Cm D GG

= ERE - WREE

EsF (ML, Wi, mEEam.
F (B, 8. R

=% (8%, &, F%F)

BEEERE e i



kI BR 4R

|

i 2. FILWVT MR RE

2.1 Carbo- & sila-functional silanes
2. 2 Silanes for self-assembly
2. 3 Cubes and analogous

2. 4 Sila-functional cyclosiloxanes



2.1 Carbo- and sila-functional silanes

SI(OR)4 = CH,—CH=CH,, \/\o)l\/ } jk/

b b b

(RO)3SI-(CH,),-X X =ClI, OH, NH», NCO, SH, CN, NH(CH»)3NH,,
epoxy, OCH»-epoxy,OCO(CH3)=CHo,
O(CH»)20OCH=CHy,,
NHCO(CH3),CONI[(CH3)15CH3]>,
Br- T(Me)z(CHz)g)CONHCH2CON[(CH2)15CH3]2,

o o O S

y _ X = CHz, CH=CH,, CH=CH(CH3),CH=CH>
3Si-(CHy)n-X = Cl, OEt, OSi(OMe)3
n=4~18



2. 2 Silanes for self-assembly

: : Sol-gel _ _
— . 0,.45i Si0,.
I A eee N + i o
O 15 18
- 0,581 (CHz)n/SID"S v o,.ssi\@:smps X1 X1l
Hz=8i01s Si0;.
nv \}-—NH
ssl/\/\N(\] /\/\5 i01.5 NH
O,.SSI—{CHQ,,‘O—(CH;).‘—&O, 5 o,,ssi—:—Q%sio‘ < E j C{
1y Vil °"’S'\/\/U\/\/Si0|-s ””:;_N .
‘——\_SiO‘.s
0, .531v5i01 5
<>—sions X va X1V XV
D,.SSi-—-(i :> =
IX CrCQ) ousi—"  N—sioy o o
01-551“‘(CH2)n_®—(CH2]n“8507.5 XI 0, SSI/\\/'\N/ILN/\/\/\/\/\/\NJLNMS'O .
H H H H
XVI
R-(0SiX,),0-R ?

B. Boury, R. P. J. Corriu, Chem. Commun., 2002, 795-802

(X=O0R’, R’)



2. 3 Cubes and analogues as a potential precursor

o | ¢
i

X

Sila-functional cubes

R___OH(Na)
R OSI OH(N&)
Sl// \SI ~R
[ o
o | O
\R\SI /Sl
Si o~ 70— O
I——Si_
R/ . R
Open cage

(OH(Na)

R

R_ _R

O 1
R O—SI/ \OSI
~si=10—si%|

/o\O

TR\éi 7&3‘
Silo— —O0 0 SR

—0o—SI.
4 © R

Cubes with one R;groups

R OSI

(Na)HO-

R
/O\Sl/R

>s//o\s| R OH(Na)

(Na)HO o)

OH(Na)

~

\ O
R—
OSI\O /O S’I/R
/ @)

R
Double-decker

Re fbi’;'
|— %/R
R>E§5R\S|\O O/S\(
I\O/

Cages from double decker



2. 4 Sila-functional cyclosiloxanes as a precursor for
ladder silsesquioxanes

Ph Ph
\_ Ph/
! | 0 O\
SITT YT Sl OH
[HO \
HO OH
R X
\ X |

R 'Si’O\,‘Si

W ‘
H-ro—e Fo oo <€

X R
X = NCO(R=Me), Br(R=i-Pr)

e

X = H(n=3~5), NCO(3~6)

Cyclosiloxanes
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1 XEHEEt—1~5
2 BHHl 1~7)(ABEa. £24.E8)
3 SRl (aS4EiE)—1~10
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(X=OH, NH, C=0 etc.)

a) Hydrogen bond b) lonic bond c) - bonding

= =

d) o—m bonding e) Hydrophobic f) Host-guest g) Stereo-

complexing
‘ Schematic representation of various interactions |

(RKRBET. P&




3. 1 EXEtfE&r—3

Preparation of organic-inorganic silica hybrids

Organic polymer

Silica

(~CH-CHy-) , (modified or copolymerized)

(~CHo—CH-) 1
* oH

Ccoome "

(—COHN-RNH-CO0-R" —-0-) ,

[- (CH2) 5—NHCO-],,

—CHo- (0-R-0-R’ =) ,, R-0CH»
Y b Y

S

n

(-0C0-R-COOR™ -0-) ?

orar)

Si0o (powder, sol, silicic acid)

NH,

NCO
RSi (OMe)3 (R = —(CHz) ,—X) <X: 0COCRCH=CH; >

\/
Si (0Et). | (TE0S)

0




3. 1 Ratfagt—4

AR UVERRS OBM/IASA—5 6 (MI m) 2

ERBSDEE O g ERESOBE O
(-CHp-CHa-)y 161 sio, 24.
-CH,-CH,-O- 17.8 H.
s O : ('3"0')n 23.2
(-£H-CH), i
18.7 5 Me
! (-Si-0-), 16.6
(-CH-CHy-), 192 | ?
Ac : Me
: (-Si-0-),, 14.6
5 Me
ﬁ\ 19.4 !
} 5 ‘C60 £
OMe 5
PC 21.0
PET 23.4
6-Nylone 24.0-25.0

Epoxy resins  23.6-24.7




3. 1 &tfa®t—5

1)

2)

3)

4)

5)

v EealRee:
||__{ Simal. Polym. ‘ I!Q '% m
X )

FRERAER
Il? Sol-gel/Self-assembly _),(_X_),(_X_X_X_
X —X—f—X—¥—X——
O
R RR RRR
X Y Coplym. /X Y\ or
kT Ok = kL L) Rim\ i
1 2 1 2 m m 2 n
Altern. Bloc or Random

LA,

-

> Hybrid polymer type

X : Sila-functional groups

Y : Carbo-functional groups
R : Alkyl groups (R1, R»)
O:XorY

> Disperse and IPN type

. —=— /. -

Molecular Design of Organic-Inorganic Hybrids



3.2 &l =
| L | | B
2) Silica microgel hybrid as precursors of sol-gel coatings
S. A. Pellice, et al, J. Mater. Chem., 2006, 16, 3318-3325

0
0
H,0 / HNO, HO_~_0

Si(OEt), + o > Sol > Sol-gel hybrid
AIBN / Pr'OH

/

i(OMe)3
4) Organic-lnorganic Polymer Hybrids by Diels-Alder Reaction
Kaoru Adachi, Yoshiki Chujo et al, Macromolecules 2004, 37, 9793-9797

Scheme 3. Synthesis of Polymer Hybrids Utilizing DA Reaction

+CH-CHg—{CH CHE}-

Fll.'
® o u
O N Si—0m~, © 7
. PR R osi-0
cH.0cH, L l, Sol-Gel Reaction R o R
N Diels-Alder Reaction o iaiiid 03770
B - R .
v 9 k. forR.s
t NUHALONH GH: )l SHUEL "o, F'”EF\EH r"’l
S
Y ﬁh‘g--- 3
O + %,

SHCEL), Polymer Hybrid



3) Twin Polymerization of the Single Monomers a) or b)

a) b)
J
/o IPN#
[» II_ I
i Lo CH,4 v O
—0-5i—0 —0-8i—0—/
= a 0—f CH,
w, : %~
P
D\u} )
H' H'
HCI or F;CCOOH
}
o)
[
S {}_%' o8 e
CH; CHy; CH,4

wen ) r_;:, r_;:._m
D —§~0-8~0-§—0~
- 0 ) omone

T | -
*0—5~0-5—0-8—-0~
CHy  CH; oH,

e G._E;i_ (e
0
:
+ I
' ) i R 'R 'R
R e T R W e N I

s
Scheme 1. Cationic polymerization of a) TFOS with formation of a SiO,
network and PFA and b) DFOS with formation of poly(dimethylsilane)

and PFA.

Silke Grund, et al, Angew. Chem. Int. Ed. 2007, 46, 628-632



5) Hybrid by Polymerization of Double-decker-type Silsesquioxane with Diynes
M. Seino, et al., Macromolecules, 2006; 39(10); 3473-3475.

Ph ; \
P ’!:‘?;fu Ph I,"'J mxs‘{ig-b}? O P "-,l
d [\ “qm P s q Me 7 |
H—:.ii: [-Ij :b .':z.'Eq-—H o e 'Y .::;:,r ——Fh :‘IP::?T:ZEI-—-. ‘(735; ,l-_-:.l "';:I ‘s-i— 1
B A P A Nl ﬂd VB
Fﬁmtg;@i?ﬂ Ph \ P O g7 Pn P f
P P i
S Bl Fl diyne Yield(%), Mn Mw/Mn__ Td
! BPEB 97 29,100 4.1 518
BPEA 90 11,900 4.9 301

DEB in soluble

6) Highly Heat-Resistant Soluble Polymers by Polymerization of Tg™ and Diynes
T. Kobayashi, T. Hayashi and M. Tanaka, Chem. Letts , 1998 Vol. 27 No. 8 763-764

H H h

. s il
i O3
t_':n“'f| ’f| Hﬂu—ﬂ 5ﬁ H;._:..g
P - . :
H‘“Ei'-l—n i 5 ‘wi r-u‘lah'
H-3- D—5|-_LH * Fh P HEu - HEu—ll:l—
I 7t .
Hsi"—n_si’ Ph o HSl -
I—U—olI
Me Me Td> : 600°C<

Dyne/TgH =1.23
Mw : 21,000

Td>: 1,000 °C<
Residue : 95%



7) Hybrids from TgR and Org. polymer R

R. i-O—
Auth R‘?'%\S\'R‘I
uthor 0 _‘?i 01 Polymer Properties
Year ,9250‘_9 PR
R
R
e
Lichitenhan <:> ~€CH2- %— Transparent films but no improve-
1996 n ment of thermal properties
3~6Wt% COOMe
H
Schwab ‘€CH - %— Homogeneous material even in 50%
2000 CHZCHZPh 2 n but no improvement of properties
Blansky isotatic e
2001 Me ~€CH2- % Heterogeneous but improvement of
10 Wt% by n mecanical and thermal properties
HDPE
g(l)%qSky CH2CH28iM92-OCt. ~€CH2-CHZ§n— No improvement of inflamability




3. 3 BRI (BT #E#E : Self-assembly; 1~10)

- FF
= RITIFE 51 il 1]
Without surfactants as a template

Formation of capusles with silica outer shell

FIRRE (DR, BEEREISELY)

HEE H B E F

1)Si-OHD KRG B LD FHZA
2) FREADBELBUKERMBEER
3) 1A U RHEEEA
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Polymer hybrid



2) cis-Isotactic Ladder Polysilsesquioxane by Stacking and H-Bonding Super-
structure, Xxiaojing Zhang, Ping Xie, Prof. Etal, Angew. Chem. Inter. Ed. Vol. 45, 19, 3112-3116 (2007)

a) -

'::“::ql":l
H SOCH,
.-‘wj_.;‘"\-l r
Hs OO 5
L | 'r-:“::'d‘ij
RSI(OM6)3 OCgHy
Figure 1. Schematic representation for the
RISEn-ntEBE/ER, 5 /—ILEDKE confined polycondensation of the monomer in
%Eé‘l:é:bjsupramolecular channel %4 B ladder structure (a) to form the covalent ladder
polymer (b).

Brown solid, highly soluble in n-hexane, toluene, THF, M,,=8.2 x 10°, [n ]=2.25 x 10 M*24,
Tg 255.9°C, 2°Si NMR signal : Half-peak width A,,< 0.3 ppm



4) Hexagonal-Structured Polysiloxane Material Prepared by Sol-Gel Reaction

of Aminoalkyltrialkoxysilane without Using Surfactants(or long chain alkyl goups)
Y. Kaneko et al, Chem. Mater. 2004, 16, 3417-3423

“heme 3. Proposed Formation Mechanism of
AEEEROCRETZILEIVEE/ v— Rodlike Polysiloxane with Hexagonal Phase
ERNTISA—F—A—Fonxgy : omatonol @@
Eé,ﬁ_d_éyﬁ&)_ca)w] 2 0N complex 3

MeO-§{—OMe RO-S—OR ﬁ

X=ClorN
OMe (X =Clor NO3) ~OR (R=HorMe)

Scheme 1. Synthesis of Nanostructured
Poly(3-aminopropyl)siloxane Complex Salts

QME HX aqg. solution ?H ;0
MeO-Si—OMe = | Si  JLSi<
Ox Oy

i) r.t., stirring i
ii) heatilgg (Soluble in H,0)
at 60~70C
a) X = Cl ® O(® ©

hydrolysis 4 seli-organization

rod-like
3  micelle

NH b} X=NO NHs X NHz X e
{solv. dictlied comp.) N i |, SHO-SE rod-like
APTMOS PAPS-CI/ PAPS-NO3 \frameworlk } polysiloxane |
The method can also be used to l RCOONa

(Me0),Si(CH,),NH(CH,),NH, |
Polymer 46(2005), 1828-1833 Ion exchanging

PAPS-HSO, memranes as an anhydrous proton conduction
PEFC at temps. higher than 100°C (cf Nafion).They are stable
up to 300°C and show conductivity of 2 x 10-3 S cm-1 at 200°C.
T. Tezuka, et al., JACS, 2006, 128, 1647

" hexagonal |
phase



Hexagonal SiO, with a helical structure

OEt [?E'l
EtO-Si-OEt + EtO-Si-OEt
NH. NH Sol-gel reaction
3-Aminopropyl- _
triethoxysilane [:_”'H In HC_l aq. / methanol
CH mixed solvent
3

Chiral organotriethoxysilane

Hexagonal structure

Hy
aa@-ﬁ @ © © ©
c C g MH ¢ o o
® @@ ® ®@ ® ®
MH; NHy NHy; NHs; MH  NMH; NH; NH; NHy
DD IDDDD.
cl

Ladder polysilsesquioxane

* Twisting

Chiral conformation & rodlike structure

8) Kaneko, Y. et al., J. Mater. Chem. 2009, 19, 7106



6) Hybrid fibers with helical structure
J. E. Moreau, et al., J. Am. Chem. Soc., 2001, 123, 1509-1510; Chem. Eur. J. 2003, 9, No.7

i(OR)3 i03/2

Fibers with helical structure:
Right handed helix fromR,R
Left handed helix from S,S
with width: 0.3—1umlength: 15 pm

1/H,0/HCI=1/6/0.2
80°C, 2h, then 2 days

H

Chiralit . :
(R,R oryS,S) SI(OR)s SiO3/2

ilﬂl.r
{

]?)j:‘j

SeEnm

A left and right handed helix are
self-asscemble via H-bonding
mediated hydrolysis, according
to the configuration of starting
material structure.

e
-
=
Lo
3
=
A
-

3




HZW NI—I\/\/SiO3/2 Og/sz/\/l\lH\M;NHz HZM NH\/\/SiO3/2 03/ZSWVH\V);NH2
HZWNH\/\/SiOW 03/25*-\/\/NH\M;NH2 HZN{/% NH\/\/SiOs/z Og/zWHWHZ
HzN\é/j;NH\/\/SiOw 03,254\/\/NH\L/);NH2 sz NHe~-5i03 Os/szWHz

7) Silica hybrids with lammellar structure by self-assembly (1)
J. P. Corriu, et al., JACS, 2005, 127,11204

(MeO)gsi\/\/NH\M\NHz (n=1,3)
n

A [l CO, (gas)

\- CoOo
MeO),Si NH Hs' 0OoC- HN{\/\} i(OMe)
(MEO) S~ NH- n N\/\/S ’ (Self-assembly)

COO

n
\HZO

-O MNWIOWZ 03/251\/\/|\IH:(~/2\N

q @) ( A ] J
iloxan nd form
00CHI AR _10, O~ AN oiloxane bondUCHIEIEN
. ! + +
| OOC-MNWIOWZ 03/231\/\/NH2\M;NH3 J x

Complexation of Metal (Cu, Eu, Gd;
AN IS /4 /4 Y]
l €Oz (g29) CO, uptake and storage




5) Cerasome : bilayer vesicles covered outside with siloxane network

Kiyohumi Katagiri, Jun-ichi Kikuti , et al., Chem. Eur. J. 2007, 13, 5272-5281; J. Am. Chem. Soc., 2002, 124, 7892-7893

Ceramic
+
Liposome

l

Cerasome

Diameter :
1:70-300 nm
2:20-100 nm

Biomimetic membranes

I vosenee Rl Bl
0 1 Vesicle: fitZ. B4
B Z 7t : silica-support
Bl e - DS HIEE
e 2
T
H 3
sol-gel self-assembly \,ﬁ} ,,JD-RQ_ ,/On.\
process process I Si
1

/Enorganic silicate
framework

t| liposomal bilayer
membrane

Bilayer thickness : 4 nm

cerasome

Figure 1. Molecular structures of the cerasome-forming lipids (1 and 2)

and schematic drawing of the cerasome.



9) Hybrid nanocapusules with Si-OH functional micelle template

T. Fukuda, et al., Angew. Chem. Int. Ed. 2003, 42, 4194

Hydrophilic Polymer
(PPEGMA)

| Self-assembling
L._,I_J

Reaction with
Hydrophobic Silanol-Carrying Silicate Solution
Polymer Polymer
(PMMA) (PMOPS) Formation of Micelle ( diameter : 30 nm)

Synthesized by ATRP method

MM A-B-PPEGMA-b-poly(PEGMA-~MOPS)  Methacryloxypropyltrimethoxysilane
PMMA-L-PPEGMA Pon(etherne glycol) methyl ether methacrylate

M =20900 M /M =116 .
Lo4w M =15500 MM =1

PR A
A =8200 MM =1.06

Elution time { min

Silica Layer

o

With stable and confined
nanoscale cavity

Encapsulation by :

1) Molecular assemblies (micelles, liposormes,
vesicles, hollow spheres

2) Gel wrapping

Related paper: JACS., 2003, 125, 14710
and the reference cited herein.

(MGO)3S|\/\/O



4. I EBEHFE DRI

1) BB/ N\(TUyFa— T3R5 (ISR)

2) BR-EBE/ N \(TY)yrEIEIVRES GRIIMEE)
3) BERMBRAAR/INITI4)L L (EhhREIRI)

4) ASARA—T1JH (BBE—L)

5) HPLCHW 7 AFEEA]l (KR, H7H)

6) SR LK OVEMEME L V' R ¥4 F P

7) PPE/siloxane hybrids

8) Cellulose PPSQ hybrids

9) HEEEM—Faar6/\14T) vk (EHBH)

10) Nylon, PNIPA/clay hybrid
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PVA

PEG, EtOH

PPE

Cellulose
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NIPA

3-MAPS
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TMOS, Ti(OPr),,
3-MAPS, VTES
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TEOS
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Sol-gel

Sol-gel

£1m

Mixing

Mixing

Mixing

Mixing

i

FKHR, L.
[

M EEFEME, b
MR, R

M A

XU

TP 4 2 e P
i A

L)
SyBERERE

JEREAL,
i B

ENNETN
R

AL, R
B mpIEE

B 580 BE

A TR

AL A
ERPEVE, PRI
B KW A

JSR

Tt ek
B—/r

se)lMes

Al EN T

HR

2 [ P

JIATERBF



1) B - BN T Uy Fao— FEIORHE (JSR, WL

(T 2XHh)
e <

\
—0 o /=0
S o)= o)=o 2 < O\ y
\ Me, Si(OR),.,/H,O/H" ;
Me Me O

Nt

Cat. Al(etac);

(-Si-0-)(Si-0-)(Si-0-)q(Si-O-),(SiMes)s
Si(OMe); | Me O o)

EEME, A, M7ILAUHE
mERE, KRERRFE
BXkEXZERE (0%, 72YUL)

Colloidal SiO : . : .
MGSl(OMe)3 2 > (MGSlOg/z)x{RSIOg/z)y-SIOZ Mak - 5EE 31—
H,O/H"/Solv.




2) AR - EEANAT Yy F (FRIMEZE, &8)

Hs Hs
> o ) )oY oK )T )
(@]

CH3 X d CHj

b &R 4L
Epoxy-SiO,
?I) 0
0
e O™
CHy fl:
O
5 X

o

Polyamide/imide-SiO,

:avRes2)—X

\

A,
L\ )

PMMA-SiO,

Phenol resin-SiO,



3)AEMERAERN)T—D4IL L

{CHz—CH-—{CHy~CH-
6Ao 6 y

H” Si (0Et) 4

Sol = gel (Additives)

PVA-S10, hybrid



4) HIAHa—T 4V 7H| @me—n . 58

Organic Functional

\o- group
4

Structural Model of the newly designed hybrid coating film

l I
1
S OISO ESIEOESISCH S CHF Ci= CH =Si= 0=

J> é’ 6 flJHz cl;oonnr <]L

I I E o
S S

Hardness Silica Network Photo-curing Flexibility

Starting Materials
TMOS : Si(OCH,),

TTIP : Ti(Oiso C,H,), >_LE

VTES : CH,=CHSI(OC,Hg), Photo-polymerised part - - .
MOPS : CH,=C(CH;)COOC,H,Si(OC,He)s Structure of Hybrid Colour Coating Film

( After thermal and UV curing)




S5)HPLCAHE/VAREBASLDORAFHE =x. )

(2000, 10 A #5%)

Polymer

H* =

>

]| Phase Separation Ageing

and Gelation
(Macropre # [(Mesoporefas)
%) .

. " e =

Through-pore (0.5-10um)
Mesopore (10-500nm)

HPLC

<

Cladding

Sol/gel process : Si(OEt)4/PEG/EtOH/H*



6) Kbt (a)B SV EE S ILERXFF T2 (b)

ﬁ%* 0 ﬁgﬁ‘é’ﬁﬁ(m Photoinitiated Polym., ACS Symposium Series, 847, 306(2003)

R, OH o

i< H OH

R i< { C
(a) R. 0 RR _05.5(\)H_OH R~S.,O/S o\/?I R—S\l—o
5'/6\5 Rl ‘7"/’ S\"R Son 0% e

. Hydrolysis i o 0 o g - : Jog
. '\ 1 |
a S\Fﬁosl\llol ‘R \O"'S| = . o/ |!2
R~ © R =

A BRSO FA BRI GEEY. Mn 2000) &L THRLGIE
IRFIVE/I—EDNFEILIE S H~6H, 7 Mt BT

(b)
H H=CH, N H H=CH,
H,O /H ' \ Cat. . _ .
EtO-Si-OEt + MeO-Si- OMe 2 - i-O i-O = Hybrid (Si0Si and SiC bond)
Et EtOH/Toluene Et /i Me
Transparent viscous liq,, High thermal stability

soluble in solvents.. Td5: 5.0% at 1000°C



7)Siloxa nes / PPE hYbl‘idS (to improve low processability)
(Polyphenylene ether(PPE) has excellent thermal stability and good inflamability)

A IEfC. 1B1E R
B9 PPEDTEMEE ML DD ARATME (R 28EL. A OERIENALERD
Z-REEINANT & APPED H ikt 2=

(PPE) AF (5 wt %)
5 Ph  Ph CA =
— R . '/O\_ i_
Hs Hs ——é,_o' —é,—O R-SQ’S&/\S\HQS\{N R"%%zb\s\l- OHMe
szw@WHz / 0 (‘)(/) (FeLBL) (%%;Si /O Ii (R=i-Bu)

n — r—O—§ Si-0 g5l si2 007 R

o n (IJH;; gh : " REQESQ-QSPRS R g~ -0~ Sg
iﬁﬁﬂiﬁlﬁ e E — — — — -I. -I- -I-

SR 1 —— — —— |- =]--|-

(F2—TFPPEDMEME (BERERE) ZIFEAEZTILHI LTI, )

PE, Nylon 6,6, PBT [Zx19 5TgBU DRz R L7,
(R. L. Blansky, et al., Nanocomposites 2001 (Chicago)



8) Cellulose/PSSQ hybrid as protecting films

K. Obata, et al., KRI Co. Ltd

R ,\,i/O\.Si/R
\?i//O\S\I-Rg
?R? 73 [+ [CeH702(OH)(OCOCHj3),]n
L
/s&sc')ﬁsp “R
R R

(R=(CHy)s-epoxy, (CH,);0CH,-epoxy)
Amount added : 20, 30 wt%

As a transparent protecting films

Cat.

Solv.

20 wt%, 30 wt%

Softning temp. 249°C —— 205, 193°C
Pencil hardness 1H —— 2H , 3H
Young modulus(MPa) 2992 — 2569, 3151



O) BRIESEICLHMLIEY/FMO0—6/ 1T )IrDER

(2@Ebw B, ME. k. 541, 1993)

PEEINAT) YR

Ll Nylon6  cysr—rfE
Polymerization

Silicate layer

NCH
O . € -caprolactam (Nylon6-Clay Hybrid)



‘ Properties of NCH I

. Tensile Tensile Heat Distortion
Specimen  Montmorillonite  Sirength  Modulus Temperature
(wt %) (MPa) (GPa) (°C at 18.5kg/cm?)

NCH 5 4.2 97 1.9 152
(BRIESIZLD)

NCC 5 5.0 61 1.0 89
GEBRIZED)

Nylon 6 0 69 1.1 65

ClaY'PP(MAH, Extrusion), POlYStyrenE(oxazoline), POIyaCFYlate(IntercaIation),
Polyimidesolubilization with soiv)Z D7\ T )y R EAFEEN TS,



10) PNIPA / Clay hybids by in situ polymerization (2)

Kazutoshi Haraguchi, et al., Macromol, 2007, 40, 2299, 4287, & 5526;
Adv. Mater., 14, 1120 (2002)

Polymer hydrogels : High H,O absorption & diffusion rate, PNIPA : Stimuli sensitive. etc.
soft mechanical properties, high transp., g

wet surphase, goog biocompatibility
Their disadvantages: Poor mechanical, structural, & absorption
properties due to networsk with cross-linkage

~J)

K-peroxodisulfate(KPS) Q‘

CH,=CHCONHPr' + Clay v
(NIPA) (Laponite XLG) Me,NChi,ChiNMELQEES g

Clay/PNIPA Hybrid

Characteristics of Clay/PNIPA :
1) Ultra-high elongation (1000%)

2) Higher fracture energy (3300 times) than
PNIPA gels

3) Controlled modulus & strength

4) Superb swelling & deswelling

PNIPA cr_ossllnked with MBA Clay/PNIPA Hybrid
((CH,=CHCONH),CH, )
(CH,=CH-COOCH,CH,OMe — Clay system)



i 5. NAT)YFIZEET 5 <DL

Synthesis of new material :

5. 1) Hybrids from VTS, 3-MAS, 2-MES

5. 2) Polyalkoxysiloxanes PAOS by sol-gel
process of Si(OR),

5. 3) Oligo- & polysilsesquioxanes



5.1) Hybrids from VTS, MAS, MES

)
).( n
MeO—ISi—OMe

R @o&e PVTS, S-PMA, S-PME
adl > n
\)‘(l/ X
| l ]
MeO—Si—OMe > {—s.—o%
| | m
Y

R
\,% PVPS

VTS (X=non, R=H)
MAS [X=(CH,)30CO-, R=CHjs]
MES [X=0(CH,),0CO-, R=CHj]

R PMA-CS
Si—0> PME-CS
< R

PVS
MA-PS
ME-PS
( Y=-OMe, -OH, -OSi)




Synthesis of hybrids from VTS by routes A and B

p £y
(Bu'0), / VTS ‘ i n

. H,0, HCI/ VTS
MeO—Sll—OMe > MeO—Sli—OMe 2 > -%i-o_
OMe Solv. reflux OMe MeOH, 70°C, 3h OR -
VTS Route A PVPS (R=H, Me)
1)Proc. of Colour Mats. (Tokyo), 46-9 (2002). |
2)Appl. Organometal. Chem., 17, 580-588 (2003). PVPS
3)J. Sol-Gel Sci. and Tech., 33, 9-13 (2005). 2 4
D.P.(Mw x 10™) Mw x 107 (DC%)
76 (113) 8.0 (7.0)
50 ( 74) 1.7 (9.0), 5.0( 9.3), 8 .6(10.3), 17.0(13.3)
H,O, HCI/ VTS
22 ( 32) 1.3(15.9), 2.0(17.2), 4.0(18.1), 13.2(19.0)
13 ( 18) 1.4(17.3), 2.5(21.4), 4.4(22.8), 14.0(23.3)
4 6 0.5(26.1), 1.1(32.6), 3.8(57.5), 5.0(65.2
. (_6) (26.1), 1.1(32.6), 3.8(57.5), 5.0(65.2)
(ButO)ZIVTS:O.OS-O.z, Solv. : Non, Toluene, Benzene*, : AIBN was used.
Molar ratio :H,O / VTS = 0.13 - 0.29 (* 0.08, 1.00), HCI / VTS = 0.0002 (* 0.040 - 0.056
Y

Table 2 Preparation of VPSQ by hydrolytic polycondensation of VTS »

/ Molar ratio GPC Ratio of siloxane unit \
No.  Th s o DC (%) g
M, x107 M, /M, T T T Free-standing films
<_?i—0‘> i 1.1 1.1 1.4 11 48 41 77 » J Coating films
OMe /m
8 1.3 2.1 2.1 3 39 . . .
>8 . SiO,-SiC-C Ceramics
VPSQ 9 145 64 2.7 0 28 7 90

— _ 4) J. Sol-Gel Sci. & Technol., 16, 227(1999)

a) PVSQ used : 0.0167 mol as Si, HCY/Si=0.105, solvent: methanol 14 ml, Temp.: 70°C, Time: 3 h,
stirring rate; 150 rpm, N, flow rate: 360 ml/min.






Properties of hybrids PVPS from VTS by routes A and B

Hybrids by
Route A Route B

Decomp. /°C (DC%) 262-271 (24-25) 320-430 (70-85)
Weight loss/%(1400°C) 45-54(DC  25%) 22-27(DC 85-89), 9(DC 93%
T%(500 nm) >93
R. Index 1.44
Tensile strength /MPa 1(6) - 14(567) 6(380) - 12(1320)
(Young's modulus)
Adhesion 10(glass), 4-8(nylon)
Hardness 6B - 7/H
Expanssion (ppm/°C) 20

€ 3.8




= m
! . . . ACMP, H,0, HCI / VTS :
M » [ -Sj-O-
Simultaneous polymerization of VIS = Meo FOMe o, 70%, <§'RO )m
VTS PVPS (R=H, Me)
Table 3 Results on the simultaneous polymerization of VTS?
Solv. Molar ratio Gpc” Yield
No Solv.
(ml) ACMP/NVTS  H,O/Si HCI/Si Mw Mw/Mn (%)
12 o o 0.05 0.110 0 150000 6.8 33
13 2 0.222 0.028 100000 6.1 55
14 5 0.444 0.056 135000 5.1 65
Ethyl lactate 0.05
15 7 0.600 0.075 114000 5.8 67
16 12 0.955 0.120 120000 5.5 82
a) VTS : 0.1mol ,Stirring rate : 150rpm, Time: 3 h, Temp.: 130 °C, N flow: 50 ml/min.
b) Based on polystyrene
Table 5 Reactivity of simultaneous polymerization of VTS
Radical 29Si NMR (%) DC?
No. polymerization f
(%) TO T T? e (%)
12 95 90.0 10.0 0 0 3.3
13 91 81.9 13.1 5.0 0 7.7
14 75 71.4 17.1 11.5 0 13.4
15 67 68.7 13.7 11.6 6.2 18.5
16 57 56.4 10.2 19.8 13.6 30.2

a) Degree of condensation of siloxane bonding.



5.2) BTRABYVILYT IV

H,0, Cat. Solv.

Si(OEY),

|y

[ H,0 / NaOH / EtOH J\ ([ H,0 / HCI / EtOH ]

o

[ TEOS / EtOH |




5. 2) Synthesis of PAOS by Sol-gel process of Si(OR),

{1 H,O/HCI/EtOH i ?.R: )E?R }i? }H
I( )4 R. temp, time - @IR _ 7
*> Q@

(R=Et, Me) 150 rpm, N»(360 ml/min)

A . PAOS
E (150rpm)

Stability to self-cond.
Soluble in solvents
High molecular weight
Spinnability

Adherent

Oil bath
(70 °C)

Fig. Apparatus for the hydrolytic polycondensation of MTS



m AR TEM M ED LR

- R XM H
Mn Si0,%
SE40 : 700 - 1,200 40 (TEostmix &L ENFEARDESY)
HAS : ~ 2,000 50 (TEOSETEMOS® #£#E4#)

- Polyalkoxysiloxanes (Et, Me)

Mw (Mw/Mn) Si0,%
Et: 1,700 -11,700 (1.2~3.8) 60<
Me : 2,700 — 31,000 (1.7~8.2) 70<

MEeIZNLEE H,O/TEOS 16-18 o
ARERICAE Tensil s. (MPa) 1.6-5.2 QZJ,:_ |

= ULTE 7 Young's m. (MPa) 34 - 156 in 4
2o E DR AR
F A 1 B : Q3 (55~65%) W " |

) ! A
-60 -80 -100 -120
Q2(30N20°/0) Chemical shift / ppm

29Si CP / MAS NMR spectra of PEOS



HESHEDERK

Si(OEt), + MeSi(OEt);

TEOS MTES

As confirmed by:

-x/ly =1 (*H NMR, 2°Si NMR)

- T3: shift to lower field vs PMSQ
-No signal shift after reprecipitation
-GPC (unimodal)

PMSQ -7t PEOS PMSQ
(Poly-MTES) (Poly-TEOS) (Poly-MTES)
R =150 R=1.50 R =150

M,, = 15000

PEOS
(Poly-TEQOS)
R=1.50

M,, = 1600

-40

-50 - 60 -70 -80 -80 -90 - 100 -110 -120 0 5 10 15 20
Chemical shift (ppm) Chemical shift (ppm) Elution time (min.)
Fig. 5 2951 NMR spectra of Poly-MTES Fig. 6 29gi NMR spectra of Poly-TEOS Fig. 7 GPC traces
and Poly-(MTES/TEOS) on T-area and Poly-(MTES/TEOS) on Q-area of polymers

R =H,0/(TEOCS + MTES), X=MTES/(TEOS + MTES).

50

e
~O-OEt

Et X OEt

-TEOS/MTES=1, 1.5, 2.3

Mw : 3,000~10,000(Mw/Mn 1.7~2.9)
- Stable to self-condensation

- Soluble and spinnable
Free-standing and coating films(~6H)

Fig. 9 Gel film prepared from PSQ



5. 3) Oligo- & polysilsesquioxanes

Colorless liquid

I\‘/Ie I\‘/Ie
. vapor phase hydrolysis Yield 80 %
MeSi(NCO) > — Si—0—Si—
3 S | © | A Bp 128-129°C/15 mmHg
NCO NCO 29Si NMR -59.8 ppm
I\‘/Ie I\‘/Ie I\‘/Ie I\‘/Ie Colorless liquid
vapor phase hydrolysis OCN*SifOfSi*OiSi*07Si7NCO Yield 68 %

| | | | Bp 141-143°C/2.0 mmHg
NCO NCO NCO NCO 25 MR e 0 R

l\‘/le Me
OCN—Si—0O—SIi—NCO i i
| | White crystalline plates
Liquid phase hydrolysis . (‘) (‘) vield 49 %
B OCN—Si—0—Si—NCO Bp 123-125°C/3.0mmHg,
I\‘/Ie |\‘/| o Mp 50-52°C

293 NMR -60.6 ppm

Abe, Y.et al. Chem. Lett. 2006, 35, 114.

Vapor phase hydrolysis provides a very convenient method to prepare sila-functional oligosiloxanes.
The silane 4 is a potential building block. In order to obtain 4 in good yiels, there are the key factors to be
considered: 1) Intramolecular condensation from 3 to 4. 2) Molar concentration of substrate on the reaction.



Ph | Ph [Ph h

P
- I‘. O - O \‘. O ,
Ph ~SiOTSiYrsi—YVsiV~
| H,0 Bl conc. KOH ag. ! \ ! b
CI—Sll—CI — | > @) O |O 9

Cl

o equilibration = y .
polymerization ~ — '\Q"S{\O/I,SI \O/Sk'\o‘/

| | Ph | Ph [Ph  Ph
Cage silsesquioxanes Ladder polyphenylsilsesquioxane

BT A, BRRME. LENTEl

| Hydrolysis
CI—Sli—CI f Y >

l - Si~—Si~m= S G
C >0 or Alest e

\ y .
Me ~5i~0-5j0-5j-0-gj-O~—
O

!

Me Me Me Me
Ladder polymethylsilsesquioxane

B o,

FF—EMNIERIZEN D

2)

SEREMEL UM TA —EDBELPMSQIXFE#EL

1) Brown, J. F. et al., J. Am. Chem. Soc. 1960, 82, 6194.
2) Merill, D. F. Canadian Patent, 868996, 1971.
3) Itoh, M. Silicon Chemistry Japan 2001, 15, 19.



Synthesis of ladder oligosilsesquioxanes
(to obtain spectral data for the structure of perfect ladder polysilsesquioxanes)

Seki, H. et al., J. Organomet. Chem., in press.

Ph Ph

R AV B "o e " oY g R
OCN”’"Si’O\Si“‘\Me éH Cl)H Ph—Si—O0—Si—0O—Si—NCO Ph—Si—0—Si—0—Si—0—Si—Ph

/ \ _ | | | I I I I

- ~ x99 9 9

i i 1or 2 equivs./ pyridine . . . .
OCN\\“lSI\O/S{II/Me g i Ph—Si—O—Sli—O—Si—NCO Ph—Slll—O—Sll—O—Slﬂ—O—Sll—Ph

Me NCO Ph Me Me Ph Me Me Ph

=
N

Ph—Sli—O—Si—O—Si—O—Si—O—Si—O—Si—Ph

Ph—Sli—O—Si—O—Si—O—Si—O—Si—O—Si—Ph

| | | | | syn-configuration

4

cis,trans,cis-configuration

Abe, Y.et al. Chem. Lett. 2006, 35, 114.

syn,anti,syn-configuration

Seki, H. et al.,Chem. Lett., under contribuion.



Synthesis of polymethylsilsesquioxane
(with controlled ladder structure has never been obtained.)

s P, ol
H\SI/O\SI/H \Si/O\Si/O\Si/O\Si/O\ HZO’ Et3N . X\SI/O\SI/X
/ \ 1. H,O, Et,NOH / \ / \ (or pyridine) ! \

O O > @) O O ) - O (@)

\ ! 2. MesSiCl, EtsN L rooL / \ /
H/’SI\O/S\I\H 3 3 //SI\O/S\I\O/?I\O/S\I\O/ X/ISI\O/S\I\X
Me Me Me Me Me Me Me Me
1 PMSQ-H, PMSQ-OEt, PMSQ-NCO 2 (X = OEt), 3 (X = NCO)

Results on synthesis of PMSQs and the data to estimate ladderness

X State  Yield,% My, M /M,  a DNyz  TIT?

H W. pow. 97 42,000% 2.7 0.38 190 3.6
Com  Vilg  ss 55000 58 M

NCO W.pow. 72 70,000 2.1 0.53 118 8.9

a) 214,000 b) 285,000

6) Seki, H. et al., J. Organomet. Chem. 2010, 695, 1363.



Synthesis of polyhedral polysilsesquioxanes (PPSQ)

T, Guniji. et al., J. Appl. Organometal. Chem. 2009.

SI/O<O\S\|’|'\O
O H.. Ly H A
H‘S" \s"H \Dl__LS|~O,%_S| X\ QSI-OD'/S‘IH
H o5 OB R Si=o—SK S-b—s— ¢,
I | 1) Et,NOH / THF / F'q Vo
0 o | + HO+Si-0—+H , > &S QHsi. oS si
ot P 2) Me3SiCl, EtgN S-zO\Si/X\SEofs‘P H
sflof'sf’? ~H R H OB O
f ' o S7 = -O(Si i
; o R =Ph (n=1, 2), OHY. © P X=-0(SiR;0),
Ts Me (n=6~55) S
Oaaw PPSQ-1 (n=1)
PPSQ-2 (n=2)
PPSQ-Me
Diol / T4" State Mw Mw/Mn
White powder 45000 2.0
PPSQ-1 ,
4 White powder 11000 15
White powder 27000 1.8
PPSQ-2
4 White powder 9000 1.6
550 White powder 45000 2.3
PPSQ-Me 1100 H.viscous lig. 41000 3.2
4200 H.viscous liq. 9000 2.7

+ Gels were formed in Diol / T8H =1 (PPSQ-1 & -2)
+ PPSQs were soluble exept for MeOH and CgH44 for PPSQ-1 & -2)



Synthesis of PPSQ-H from T,"

H. H
%O o
H. /O-‘§| / S\I >
H. OSK_~° OSi 0 0
50— QHL i /
/" 0 \ O 0OSI~NO- _C§|\
o - =(0) H OH\ @] / SI\O/SI
H~Sig%\87i?§k' \ osi~o-/gsi, s
/ é ) 1) Et,NOH / THF, Benzene H-Sl\O/Si H O /
O\ 0@/ ¥ , - g oS.'b’O?ﬁi
\ OSI\O’/—(§I \H 2) Me3S|C|, Et3N Sl// —gi
Si—o—Si /" o \ O
I~ 17 =1BN
,Sigo 256 H Fig. Free standing film
H H
10 , ,
Ni-doped SiO,
— = "\‘.. / 4
'(U “\ . ‘\‘
H & ,\'\*‘; Pd-doped SiO,
HyO / Tg State Mw Mw/Mn 7 o { %
5 ‘@@, -~ (CVD,sol-gel)
1 Gel E 107} / L e _
. 3 L RN ]
PPSQ-H 2 White powder 29000 2.0 g  omOIE ! |
4 White powder 15000 1.9 g
I
+ PPSQ-H were soluble in organic solvents exept for MeOH -
108 . I . | LT
10 20 30 40

Activation energy of H, permeation [kJ-mol™]

Fig. He/H2 permeance ratio at 500°C
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