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1) J. D. Wright and N. A. J. M. Sommerdijk, “Sol-Gel Materials Chemistry and Applications”,
Golden and Breach Science Publishers, pp. 53-54. {4 Tokyo University of Science
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FILAXT IS UDOMKARERE RIG
(RSiO3)2)n Gels
X*E'*O E’*O X J_i R=Me, Vinyl, Ph
i i 379 X=NCO, ClI Linear or cyclic
X X /n, X /n \n=2o0r4
R R
R
R O O
\Siioﬁlsli’ ? <R=H, Alkyl, Alkenyl, Aryl, > _
RSiXs (‘)Rfﬁif(‘joc;si\R Cl, OMe, OSiMe3, ONR, | Cubic
O T/
R=H, Alkyl, S0
Alkenyl, R R
Aryl, OEt
X=Cl, OMe,

OEt, NCO ‘ ‘ ‘ ‘ ‘ ‘ Ladder

‘ ‘ ‘ Ladder-like
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H,O/ PrOH . . EtOH
- 0o4-[Ti;,0,6](OPr), ¢

Ti(OPr), [Ti;;O.5](OPr)5(OEt),

04-[Ti;,046l(OPF) 6 [Ti;;0,3](OPri),5(OEL),

V. W. Day, T. A. Eberspacher, W. G. Klemperer, and C. W. Park, J. Am. Chem. Soc., 1993, 115, 8469-8410.
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H,0/ ROH
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Zr,305(0OCH,)44

B. Morosin, Acta Cryst., 1977, B33, 303-305.
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zr(opr), —2LEO8, (7 o)(0Pm),, —HH

[2r,306](OMe),(OH) 5.,

[Zr13og](OMe)x(OH)36-x

V. W. Day, W. G. Klemperer, and M. M. Pafford, Inorg. Chem., 2005, 44, 5397-5404.
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Fa—TFRUIELEYDERK (1)
Ticl, Ao NaCo, { Na[Ti;(u-dptaO);] (pH 5)
Na,H,[{Ti,(1-0),},(n-dptaO),] (pH 3)
N o I =
L 7 -I Py ":-l_" | I
o O [ N e
- S _:'%T";:_‘x :i!-"’-"r“'-;;“'_' - E. Yy
i o 6 - A T
s o “"-_.:!r- | i = -.,__':ll'll.;:" ‘,:1 I-;
Sl o1 1 Rl
. phal | ML
Naz[le(P-'dptaO)z] ?biﬁ_i:;“l' 'J'- 'F'I;,: .-":1 =
", _.' : '_'_-—__.r_‘l l::_,'-';.
2-hydroxypropane-1,3-diamine-N,N,N’,N’-tetraacetic acid -'"'_"'i""h,_.;'-ph' --""{1- ':

HO. O O. OH '.I.- F
\EN/\ﬁNj/ (H,dptaOH) 4 b=
Hoﬁ OH S(OH
© ° Na,H,[{Ti,(1-0),},(1-dptaO),]
Y. Miyashita, Md. M. Islam, N. Amir, K. Fujisawa, and K. Okamoto, Chem. Lett., 2004, 33, 1516-1517.
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Fa1—TFRAUILEVDERK (2)

. . Citric acid/ PriOH H,0 . . )
| r > | Cltrate . . r
Ti(OPr), TigOy,(citrate) ,(H,0),,* 14H,0-3HOPri

TigO,,(citrate),(H,0),,* 14H,0-3HOPY TigO,, cage structure

T. Kemmitt, N. I. Al-Salim, G. J. Gainsford, A. Bubendorfer, and M. Waterland, Inorg. Chem., 2004, 43, 6300-6306.
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C|>R opr' Ph Cp
RO-SI—O—Ti Ph—Si—O—Zr.
o g 5 “opr g o \Cp
"O~rilo-st. CP~70-si
i/ {\OR Y {\Ph
Pro OR l Cp Ph
(R = Si(OBUY)3)

J. F. Harrod, et. al., Inorg. Chem., 33, 1292

Y. Abe and I. Kijima, Bull. Chem. Soc. Jpn., 43,
(1994)

466 (1970)

L O Ph H\
/ 9 P o]
\ o

\I

_O—1i~0 / ;
Phosi—O5) —\_. SHO-=Ti<0 | Yo
o o-SiPh-0 N IO/O OCIJ N Ph—/Sl—O7TI|*O\
/ O~=Ti—O—Si—Pi ™\ pp O O o7j/

O~y SiPh '
|l—n—>l e’ Ao
Z7 \|_ o) 2 ‘O(S Pn P}/SI ®) S{\Ph
~° { ! Ph
(L = THF, Dioxane)
D. Hoebbel, et. al., J. Mater. Chem., 8, 171-8 (1998)
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o o Ph  pPhph_Ph o
Ph
Ph\SI/ \SI/Ph \SI/O/SI\O O/SI\O\SI/
| >0, 07 Ph” 5 %/ | ~Ph
o O , !
o~ Yo_ ] Ph ! » | _Ph
Ph\Si/ \Si/Ph Si— ./ O\ e I
/ \ P Si Si Ph
Ph Ph / /
PH PhPh pp
K. A. Andrianov,et. al., Zh. Obshch. Khim., 46, 1533 (1976): .
K. A. Andrianov,et. al., zv. Akad. Nauk SSSR Ser. Khim., 10, M. B. Hursthouse and M. A. Hossain,. Polyhedron, 3,
2314 (1977). 95 (1984)
R, X
Si—0—M X X
ol o M=—q
X\ -~ 0 e - | R
S Tosd Mo T
Oxglvl—o-oo—/&\R | i l/O\'\l"Lx
|/ |/ o e e} (M= Ga, In, Al)
AP (M =Ti, Al) R A :
/S' 0 M\ (R = N(SiMeg)Mes) O‘\/I\/I\ (R = N(SiMeg)Mes)
R X (X = Alkyl, Cp) N x=Alyh

R. Murugavel, V. Chandrasekhar, H. W. Roesky, Acc. Chem. Res., 29, 183-9 (1996).
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~
Si—0—M Ph_ |
/ \ ~si—0—M
Cl o) (0) /
N/ Ve cl cl e o \CI
M—0=si{_ A4 7
< | TBU M—0—Si__
Bu Ph
Ph
F. Q. Liu, H. G. Schmidt, M. Noltemeyer, F. Q. Liu, H. G. Schmidt, M. Noltemeyer,
C. Freire-Erdbruegger, G. M. Sheldrick, H. W. Roesky, C. Freire-Erdbruegger, G. M. Sheldrick, H. W. Roesky,
Zeit. Natur., B: Chem. Sci., 47, 1085-90 (1992). Zeit. Natur., B: Chem. Sci., 47, 1085-90 (1992).
Ph Ph Ph Ph %
\OTD o
Si—o—Ti S' /
Ph / o/ &
(0]
\ )
/SI—O'—‘SI
o N Q
Ph
Ph (M=2r, Hf)
R. Murugavel, V. S. Shete, K. Baheti, P. Davis, J. F. Harrod, et. al., Inorg. Chem., 33, 1292
J. Organometal. Chem, 625, 195-199 (2001). (1994)
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1
2 HO-Si-OH + 2 - = O=M——Si
1 (O >
R

R O,
. \Ro

R1=R2=0Bu!, M=Ti: Yield: 85 %. Mp: 188-192 °C (Decomp.). IR 1590 (v¢_c), 1530 (ve=c), 1000 (Vg 0.0), 960 (Vo) (cm); H NMR
5=1.3 (9H, t, -OBUY), 2.0 (6H, d, C-CHy), 5.5 (1H, s, -CH=); 13C NMR 8=25.3 (CH,CO-), 26,8 (CH,CO-), 31.6 ((CH,),CO-), 71.7
((CH5);CO-), 103.8 (-CH=), 185.9 (CH,CO-). 191.8 (CH,CO-); 2Si NMR §=-107.8. St 54T 1&: Found: Si, 6.1; Ti, 10.5 %. Calcd for
CisHes016Si,Tiy: Si, 6.2; Ti, 10.6 %.

RI=R?=0Bu!, M=Zr: Yield: 97 %. Mp: 197-198 °C (Decomposition). IR 1590 (v¢_g), 1530 (ve_c), 1010 (Vg 0.0), 970 (Va.o:) (cmrd); 1H
NMR $=1.3 (9H, s, -OBUY), 2.0 (6H, s, C-CHy), 5.6(1H, s, -CH=); 13C NMR §=26.5 (CH,CO-), 31.5 ((CHy),CO-), 7.0 ((CH5)sCO-),
104.0 (-CH=), 190.8 (CH,CO-); 2SI NMR 5=-102.3. Found: Si, 5.6; Zr, 18.4 %. StHE##7E: Calcd for CogHgOu6S,Zr Si, 5.7; Zr,
18.4 %.
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R R R’ O

R \e)
7| — Si—0- s.—o M=0
/ /| N

o
RW R (e 95 0
M"O \ |/ o)
2 Ho- S.' o- S| OH + 2 ZEN 0=M=—0—si—0- S|
o

R? R? 4
\ﬂ< R

R'=Me, R%=0Bu!, M=Ti: Yield: 82.1%. Mp 162.4 (Decomp.). IR 2970, 1590, 1530, 1280, 1020, 1050, 990, 970 (cm™); *H NMR (400
MHz) = 0.10 (s, 12H), 1.28 (s, 36H), 2.00 (s, 24H), 5.60 (s, 4H); *C NMR (100.6 MHZ) 5= -2.64 (s), 25.4 (s), 26.9 (s), 31.6 (5), 72.7 (9),
104.4 (s), 186.5 (s), 192.7 (s); 2°Si NMR (79.5 MHZ) 8= -55.7 (5). MS vz 1052 (M*). Found: Si, 10.5%. Calcd. for C,gH;,0,51,Ti,: Si,
10.6%.

R=R?=0Bu!, M=Ti: Yield: 81.9%. Mp 126.3 (Decomp.). IR 2970, 1580, 1530, 1070, 1020, 960 (cm%); *H NMR (400 MHz) 5= 1.31 (s,
72H), 1.99 (s, 24H), 5.63 (s, 4H); 3C NMR (100.6 MHZ) 5= 25.4 (), 26.8 (), 31.3(5), 72.5 (5), 104.3 (), 187.6 (5), 192.3 (5); 2°Si NMR
(79.5 MHz) 8= -96.6 (5). MS m/z 1211 (M*-73). Found: Si, 8.5%. Calcd. for Co,H000,,Si,Ti,: Si, 8.5%.

R'=0BU!, R%=0Pr', M=Ti: Yield: 72.3%. Mp 167.0-169.8 (Decomp.). IR 2977, 1708, 1592, 1106, 1070, 970 (cm); *H NMR (400 MHz)
5= 1.22 (s, 24H), 1.34 (s, 36H), 1.99 (s, 24H), 4.29 (s, 4H) 5.99 (s, 4H); 13C NMR (100.6 MHz) 5= 23.9 (), 25.4 (5), 26.8 (5), 31.6 (5), 65.9
(9), 74.6 (9), 104.7 (9), 187.9 (5), 192.6 (); 2°Si NMR (79.5 MHz) 8= -92.5 (). VPO Mn 1290. Found: Si, 9.2%. Calcd. for C,gHg,0,,Si,Ti:
Si, 9.2%.

1

R!=Me, RZ=0But, M=Zr: Yield: 78.1%. Mp 159.5 (Decomp.). IR 2970, 1590, 1530, 1280, 1010, 1040, 990, 950 (cmL); 1H NMR (400
MHz) 8= 0.09 (s, 12H), 1.29 (s, 36H), 1.96 (s, 24H), 5.61 (s, 4H); 13C NMR (100.6 MHz) 8= -2.64 (5), 26.9 (5), 31.5 (5), 72.7 (5), 104.4 (),
190.9 (s); *Si NMR (79.5 MHz) 8= -64.9 (s). MS m/z 1123 (M*-15). Found: Si, 9.8%. Calcd. for C,gH;,044Si,Zr,: Si, 9.8%.

R=R?=0Bu', M=Zr: Yield: 85.5%. Mp 132.5 (Decomp.). IR 2970, 1600, 1530, 1070, 1020, 920 (cm); *H NMR (400 MHz) &= 1.32 (s,
72H), 1.99 (s, 24H), 5.50 (s, 4H); *C NMR (100.6 MHz) 6= 26.7 (s), 315 (s), 71.5 (s), 102.9 (s), 189.6 (5); °Si NMR (79.5 MHz) 5= -102.8
(s). MSm/z 1297 (M*-73). Found: Si, 8.1%. Calcd. for Cg,H,000,,Si,Zr,: Si, 8.1%.

R=0BuU', R%=OPr', M=Zr: Yield: 70.5%. Mp 178.3-180.0 (Decomp.). IR 2981, 1710, 1592, 1105, 970, 916 (cm'); *H NMR (400 MHz) 5=
1.21 (s, 24H), 1.34 (s, 36H), 1.97 (s, 24H), 4.31 (s, 4H) 5.98 (s, 1H); **C NMR (100.6 MHz) 5= 25.6 (s), 26.6 (3), 31.6 (5), 65.8 (), 73.9 (9),
104.4(s), 190.2 (s); °Si NMR (79.5 MHz) 5= -101.0 (s). VPO Mn 1385. Found: Si, 8.4%. Calcd. for CygHg,0,,Si,Zr,: Si, 8.5%.
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2 HO-Si-0—si-oH+ 2 '} N o=MZ0—si—o-si_ —
2 (O \ 1 R

R R? o) ;
_ 1{) R*> Rl R

R1=R2=Ph, M=Ti: Yield: 85.2%. Mp 197.9 (Decomp.). IR 3060, 2970, 1580, 1530, 1130, 1015, 940 (cnrl); IH NMR (400 MHz) 5= 1.84
(br, 24H), 5.61 (s, 4H), 7.25 (m, 40H); 1°C NMR (100.6 MHZ) 8= 24.9 (5), 25.8 (s), 103.9 (d), 134.9 (q), 186.8 (s), 191.4 (5); 2°Si NMR (79.5
MHz) 6= -37.9 (5). MS m/z 1273 (M*-43). Found: Si, 8.4%. Calcd. for CegHegO44Si,Ti: Si, 8.5%.

R=R?=Ph, M=Zr: Yield: 96.1%. Mp 211.7 (Decomp.). IR 3060, 2970, 1580, 1530, 1120, 1015, 930 (cm™); *H NMR (400 MHz) 5= 0.92-

1.86 (m, 24H), 5.63 (t, 4H), 7.23 (m, 40H); 13C NMR (100.6 MHz) 8= 26.3 (), 26.7 (), 103.0 (d), 134.6 (q), 189.7 (), 191.1 (s); °Si NMR
(79.5 MHzZ) 5= -47.6 (3), -49.4 (5). MS mz 1402 (M*). Found: Si, 7.9%. Calcd. for CogHeg0y,SiZr,: Si, 8.0%.

= Tokyo University of Science
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% Si—o—Ti
)
2 HO-Si-OH + 2 / R o o)

VAR Ti—O—Si

nsi OH +  TiOPr), — [ SO Ti(OPr)4.n

(n=2, 3) TS2 (n=2), TS3 (n=3)

R=CI (CTS-CI): Yield: 88 %. Mp: 218 °C (Decomp.). IR 3067 (v¢.,), 1123 (ve.c), 942 (Ve.o11), 818 (vy.cr) (Cm);
1H NMR 5=6.28 (s, 10H, Cp-H), 7.4-7.7 (m, 20H, Ar-H); 13C NMR 5=118.3 (Ti-Cp), 128.1 (Si-Ph), 130.6 (Si-Ph),
134.1 (Si-Ph), 1345 (Si-Ph); 2Si NMR 5=-39.5.

R=Cp (CZS-Cp): CZS-Cp: Yield: 77 %. Mp: 182 °C (Decomp.). IR 3066 (v¢.), 1118 (vg.c), 939 (vg.0.z,) (cm™);
1H NMR 8=6.09 (m, 20H, Cp-H), 7.2-7.7 (m, 20H, Ar-H); 3C NMR 8=113.0 (Zr-Cp), 127.6 (Si-Ph), 128.3 (Si-Ph),
129.1 (Si-Ph), 134.4 (Si-Ph); 2°Si NMR 5=-44.8.

R=Cp (CTS-Cp): : Yield: 93 %. Mp: 168-170 °C (Decomp.). IR 3055 (v¢.,), 1428 (veoc), 1122 (vg o), 947 (vg.omy) (CTY);

1H NMR 6=6.02-6.54 (M, 20H, Cp-H), 7.42-7.68 (M, 20H, Ar-H); 3C NMR 8=118.8 (Ti-Cp), 119.4 (Ti-Cp), 128.1 (Si-Ph),
129.9 (Si-Ph), 135.3 (Si-Ph), 138.6 (Si-Ph); 2Si NMR §=-37.8.
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acacEDHEE
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[Si(OBUY),0Ti(acac),0], A
cTS
A

- -

[(BU'O)3SIOTI(OPr) 40

TS2 (n=2), TS3 (N=3)

Table  Crystal form® and the average crystallite size”
of CTS, TS2, and TS3 on pyrolysis
Temp./ CTS TS2 TS3
°C Form Size/ A Form Size/ A Form Size/ A
600 - - - - - -
700 A 30 - - - -
800 A 39 A 40 - -
900 A 72 A 54 A 39
1000 A+R 121 A 78 A 60
1100 A+R 217 A+R 155 A 109

a) -: Amorphous, A: Anatase, R: Rutile b) Calculated from the
Scherrer's equation.

23

SiO,-TiO,

n Si0,-TiO,

250

200

—O— CTS
—@— T
—{F TS3

150

Crigtallinesize/ A

50

0 I I I I I
600 700 800 900 1000 1100

Temp/ °C
Crystal size of TiO, anatase on heat-treatment

1200
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[Si(OBUY),0Ti(acac),0],
CTS

Si0,-TiO,

Table  Siloxane units of CTS on pyrolysis®
Temperature/ Siloxane unit (%)
oc Q3 TIQ3 Q4
200 16 46 38
600 20 39 41
700 75 0 25
1000 11 0 89

a) Calculated from ?°Si DD/MAS NMR after

deconvolution.

29Si DD/MAS NMR spectra
of CTS after heat-treatment

24

Deconvoluted 2°Si
DD/MAS NMR spectra
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Scheme 1 A model for the rearrangement of CTS on pyrolysis.
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Temperature (°C)
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1100, R a{;"c N
o <S:i—0>—Ti—O— R'V'i L
1000  © Lo e |, FFO
(@]
| ¢\ acac
900 o ?Bu \*
0 —Si—0—Ti—0—
800 = OBU' acac
[}
700_ O acac
(?H)mZ \*
Si—0 Ti—0—| O
600 | | | | (éEr) aﬂac
10 20 30 40 50 60 4 x
Ti Molar fraction (mol%) ((BU'0)3SI0);TI(OP) 4.0 O

FAFIAXHULEHDTIOTFE—RER) ~DIERILBE
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Si(OEt), + M(OPr‘)4 H,O (as a saturated vapor)

TEOS  TPT,TPZ
(M=Ti, Zr)
) HCl/ H,0 ) M(OPr),
Si(OEt), Si(OEt)4.n(OH),
TEOS TPT, TPZ
(M=Ti, Zr)

OR | [OR "
*S‘i*O *l\‘/I*O
OR /x\OR /y

PTS (A), PZS (A)
PTS (B), PZS (B)

28

OR\ /OR
-Si-0 [-M-0-
OR /4 \OR /y

PTS (A), PZS (A)
(R=Et, Pr', H)

QR QR
*S‘i’o *'\‘A’O*
OR /x\OR /y

PTS (B), PZS (B)
(R=Et, Pr, H)

OR \ /L
-Si-0- [-M-0
OR /x\L /y

APTS (A), APZS (A)
(R=Et, H; L=acac)

APTS (B), APZS (B)
(R=Et, H; L=acac)
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Table Preparation of APTS(A)® and APZS(A)”

No Posl?llggr?ga M~ Time/h  Yield/ % Si/ozI etaI:/l(/:f;me;it/M” My
1 APTS(A) Ti 48 36.3 6.03 148 0.44 3900
2 72 62.1 9.91 18.7 0.90 3700
3 96 80.2 10.3 167 1.05 3500
4 128 79.2 10.2 175 1.00 3500

5 APZS(A) zr 10 -
6 20 9.8 092 193 0.15 1800
7 30 73.1 622 246 0.82 2900
8 35 87.5 6.64 249 0.86 3300
9 40 90.6 785 252 1.01 3600
10 43 90.4 7.80 253 1.00 3600
11 45 -0

a) TEOS: 10.42 g (0.05 mol), TPT: 14.21 g (0.05 mol); temp.: 24 °C.
b) TEOS: 4.17 g (0.02 mol), TPZ: 7.75 g (0.02 mol); benzene: 10 mL; temp.: 40 °C.
c) Molar ratio.  d) Measured by VPO. e) No precipitation.  f) Gelled.

= Tokyo University of Science
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Table Preparation of APTS(B)® and APZS(B)”

No. " ioane M Wolarrate YO/ % g e M
12 APTS(B) Ti 2 79.8 7.06 150 0.82 2000
13 3 94.6 870 146 1.03 2200
14 4 91.6 9.11 140 112 2300

15 APZS(B) zr 602 551 224 080 2100
828 720 234 101 2400
17 4 854 796 234 110 2900

a) TEOS: 4.17 g (0.02 mol), TPT: 5.68 g (0.02 mol); ethanol: 40 mL; 2-propanol: 20 mL; HCI/TEOS molar ratio: 0.1.
b) TEOS: 4.17 g (0.02 mol), TPZ: 7.75 g (0.02 mol); ethanol: 100 mL; THF: 40 mL; HCI/TEOS molar ratio: 0.1.
c) Molar ratio.  d) Measured by VPO.  e) No precipitation. ~ f) Gelled.
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Table3 Reativeratio® of peaks Q" of polymetallasiloxanes

32

Percentage of silicon units”

No. Polymetallasiloxane

Q Q Q Q'

1 APTS(A) 27 62 9 1

2 8 58 31 4

3 8 43 37 11
A9 36 9
7 APZS(A) 21 39 28 12

8 20 28 29 23

9 19 24 26 31
10 17 23 27 33
12 APTS(B) 13 17 a1 29
13 9 14 45 33
48 1 a 36
15 APZS(B) i5 22 34 29
16 14 23 31 32
17 7 19 34 40

a) Estimated from the resuits of Si NMR spectra

b) A symbol Q" denotes the microstructure of silicon atom as Si(0Si)(OR)4.n.
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: R QR
RO-Si-O—+Si—-O

| \
QR fORY /0 \ /0 /L
RO*S‘i*O S‘i*O S‘i*O S‘i*O ‘I"i*O
OR /1 \OR /6\OR /g C‘) 1\L 14

(a) PTS (A) (No. 3)

| |

o\ [\ [t
S‘ifO S‘,ifO ‘I"ifO
OR /3 ? 2\L 7

(b) PTS (B) (No. 13)

(o]

i i
OR /1 \OR /1

Ol

(c) PZS (A) (No. 10)

\ |
R\ [OR) /O \ [0\ [\
O-Si~O{-Si-0}-8i~01{-8i~0}Zr-0
OR /1 \OR /1\OR /, (.) AL /s

(d) PZS (B) (No. 16)

<R

| \
RN [ORY /0 [0\ /L
RO*S‘i*O S‘i*O S‘i*O S‘i*O Z‘r*O
OR /2\OR /2\OR /3 C‘) 3\L 10

Obsd. (Calcd.)
3500 (3658)
1.00 (1)

My
SifTi
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QYQYQYQ* 8/43/37/11 (7/43/43/7)

Obsd. (Calcd.)

My, 2200 (2282)
SifTi 1.03 (1)
QYQ%Q%Q* 9/14/45/33
(14/14143/29)
Obsd. (Calcd.)
M, 3600 (3613)
Silzr 1.00 (1)
1/:A2;~3/~4
1Q°1Q°%IQ* 17/23/27/33
QIR (20/20/20/30)
Obsd. (Calcd.)
M, 2400 (2341)
Si/zr 1.01 (1)
1,~2/~3/~4
1QYQ3IQ* 14/23/31/32
QIR (17/17/33/33)

= Tokyo University of Science




35

ia) r ik

| |
st e e ] 1400 °C ittt ] 1400

a | t

b T ,,Jl"ﬂ__' H!MW
i 1300 °C ] e 1300 °C

e a1 / -I
Rasia BT L AR b e 1200 7

S i
=] 1100°C et 1100

et M e 1000 °C i 1000 °C

Mh“‘h—“ W""‘P“’M
" amte | a0 BT
1
20 30 40 20 30 40
s !FGKUI 285" I:FEHII:I
APTS(A) No.3%BERLLT-LEDXEREHER APTS(B) No.13% R LT-LEDXIREIHRE

= Tokyo University of Science

36

Table Crystal form® and crystalline size® of APTS(A) for Nos. 1-3 and APTS(B)
for Nos. 12-14 on heat treatment
Crystal form and crystalline size/ nm

Temp./ °C APTS(A) APTS(B)
No. 1 No. 2 No. 3 No. 12 No. 13 No. 14
600 - - - - - -
650 A (36) - - - - .
700 A (39) - - - - -
750 A (36) - iA (45) A (43) -
800 A (46) A (41) - A (46) A (47) -
850 A (41) A (38)

900 A (80) A (55) A (49) A (91) A (66) A (61)
1000 A (125),R A(110) A (65) 'A(106) A (91) A (84)
1100 A (241),R A(202),R A(144) A (212),R A(198),R A (161)

1200 R A(234),R A(271),R A(297),R A(372),R A(223),R
1300 R R A(305),R . R A(411),R A (440),R
1400 R R R R R R

a) -: Amorphous, A: anatase form of TiO,., R: rutile form of TiO.
b) Represented in the parentheses. Calculated from Scherrer’s equation.
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Table Crystal form® and crystalline size® of APZS(A) for Nos. 7, 8, and 10 and
APZS(B) for Nos. 15-17 on heat treatment
Crystal form and crystalline size/ nm

Temp./ °C APZS(A) APZS(B)
No. 7 No. 8 No.10 ! No.15 No. 16 No. 17
400 - - - i - - -
450 - . . i T (43)
500 - - -1 T@e
600 T (56) - - . T(56)
700 T (62) - - T (70) -
750 T (35) - : T (46) -
800 T (70) T@37) T(32) | T(83) T (55) T (49)
1000 T (74) T (63) T (62) T (101) T (70) T (56)

1100 T (112) T (96) T(86) : T(112) T (86) T (82)
1200 T(223) T(186) T(159) i T(207)  T(169)  T(159)

a) -: Amorphous, T: tetragonal ZrO,.
b) Represented in the parentheses. Calculated from Scherrer's equation.
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L
iN_ 3 Dy H,0O, HCI ]
pro-zr—OPr ———— -Zr-0
L L N
EZE (L=etac) PZO
Table Hydrolysis condition for EZP and gpinnability of i8] _{;.ﬂ-], =C-CH,
concentrated PZO methanol solution. o
Molar ratio Time/  Spinnability®/ {E—']LS] (kwic)  “Lemal)
H,O/EZP HCIEZP h cm \'x x‘\ ]'-DC—CH, s
1.0 0.1 1 70 OCH
15 0.1 1 80 ﬂ] u‘i] b, ¥
. . i 1
2.0 0.1 1 55 | AL P l"x._,p_
1.0 0.2 1 50 ib)
15 0.2 1 120
15 0.2 8 100 J'-,_.-'-u-'ﬁ— ™ \
2.0 0.2 1 70 - T
i i i b — :
25 0.2 1 0 B a a z i

a) Concentrated methanol solution (84 wt%);
Hydrolysis of EZP was carriedout in MeOH.

Chamizal shilt {ppm)

1H NMR spectra of PZO in CCl, (a) and CDCl, (b)
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Results of the determination of EtOH formed
During the hydrolysis of EZE.
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Results of the determination of etacH formed
During the hydrolysis of EZE.
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Table Analytical data for PZO and the hydrolysis products of EZE. OH
Observed Value L\
Zr—O0, L
Ethanol formed by hydiolysis/ mol 1.99 < N/
—
etacH formed by hydrolysis/ mol 0.729 ‘ ‘ L
PZO Molecular weight (Mn) by VPO 820 HO—Zr\ /o
Zr content/ % 32.39 oO—2r
LU ~.
etac/Zr molar ratio 1.19 \ L
OH
OH/etac molar ratio 0.69
a) Against one mole equivalent of EZE. L OH
b) Analysis: C 28.4 %, H 4.0 %. \ /
¢) etac/Zr=C/Zr=(28.4/12.0/6)/(32.3/91.2)=1.1 i )
d) Observed from the proton ratio of silylates by NMR. /
Zr—L
) ) \ /\
Table Analytical data for the estimated structures of PZO.2 HO*/ZY*O L
Compositions Elemental Analysis/ % Molar ratio L
MW
X y z w C H Zr  etac/Zr OHletac L OH
\
Observed 870 28.4 4.0 323 1.1 0.6 ;r/—o
4 3 5 4 1126 320 43 324 1.25 0.6 o\ /Zr\—L
Calcd. 3 2 4 3 872 330 44 314 1.33 0.5 Ho—fr—o OH
3 3 3 3 760 284 40 36.0 1.0 1.0 LU

a) Formula: Zr,(OH) (etac) ,O,,
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_ Hetac, EtsN Zf
ZrOCl, * 8H, O ————— MeOH % >>
Z0C PZ0O-z0C
Table Results on the preparation of PZO-ZOC
Yield / Metal analysis ? /

% State % (caled.)
70.6 W hite powder 37.8 (36.0)

a) Determined by ICP.

CI\ /OCHZCHZOH
210Cl, 8 HyO HOCHZCHIOM. EG. €Zr_o—>
MeOH |
OH n
Z0C PZO-EG
Table Results on the preparation of PZO-EG
Yield / Metal analysis 2 /
% State % (calcd.)
95.2  White powder 41.9 (41.2)

a) Determined by ICP.
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