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lAlhen the FTIR spectrum of hydrolyzed product of
[Ti(OR)3eA)]" (OR: OEt, OBu") is taken, the G-H
stretching band appears at around 3401 cm-1. The
presence of an OH band indicates that some of the
alkoxy groups from starting material are replaced
with OH groups by hydrolysis reaction. The hydro-
lyzed product of [Ti(OR)r(PA)1, can be formulated as
[Ti(OR)3-,(OH),*,(PA), _y1,. When the condensarion
reaction is considered, the formuia of hydrolyzed
product may include the oxo-ligand because of the
condensation reaction between alkoxv and hvdroxv
groups. The FTIR data of [Ti(OEt)3(rÄy1-nyaÄtyruä
are summarized in Table II.

Addition of triethoxysilane and triethylsilane to un-
saturated metal alkoxide^ complexes was investigated
by t'c- and 2esi-NMR. 2esi-r{Mn data for comöund
11 show these signals: 6.3 [EI3Si-CH(CH2CH3)_1, g.6
lEt3si-{H(cH3)-1, and 16.3 ppm (Et3SiOC_) (Fig. a).
Because both ends of the double bond have the same
degree of substitution, a mixture of products results at
6,.3 and 8.6 ppm. The detection of Et3Si--OC groups
shows that addition reactions occur not onlv with
C< double bonds (57%) but also with the cirboxyl
group of the PA ligand (43"/"), in substantial amounts.
Examination of the unreacted double bonds by trc_
NMR shows a degree of addition of only 30%. Regard-
less of the remarkable differences in the NMR results,
both methods show that addition of -SiH to the dou-
ble bond is in the order of only ZA-�6C,/".

FTIR spectra of free triethoxysilane and triethylsi-
lane show strong bands at 2195 and 2102 cm-l. After
coordination to unsaturated metal alkoxides, these
bands disappear from this region. The results indicate
a complete addition of -SiH to the double bond and
other groups forming Et3Si--OC and (EIO)3Si--OC.

The reaction of Et3SiH with free, uncomplexed pA
shows similar low yields of C:{ addition products
QA-50%) and very high amounts of C--{-Si prod-
ucts. Possibly, the free C(:O)OH groups of pA pro-
motes a much easier reaction with -SiH than that in
the complexed state because of lower sterical hin-
drance- The spectroscopic data of ([Ti(OBu")r(pA)],
+ Et3SiH) are similar to those of ([Ti(OE03(pA)];
+ Et3SiH). Addirion of Et3SiH to the double bond
is between 30 and 60"/". 2eSi-NMR spectra of
addition products [Ti(OEt)3(pA)1"/tTi(OBu").(pA)1,,
+ (EtO)3SiH show a slightly higher yield of C=={
addition product between 60 and T0%. Higher yields
of C:{ addition are detected in products öf tn" sam_
ples [Ti(OEI)3(AAA)], + EtrSiH/(EtO)3SiH between
80 and 90o/", wlich is a result of the end-stanrJing

KAYAN, HOEBBEL, AND SCHMIDT

C:C group without sterical hindrance compared to
that of C-O-group in complexes. The remaining H-
silane groups in the mixture are condensed to T + e
units. This kind of condensation is common in the
presence of a -COO group in the mixture. The data for
other addition reactions with -SiH are summarized in
Table L

CONCLUSIONS

New inorganic-organic compounds were slmthesized
by a sol-gel process. The complexation reaction (1 : l)
between metal alkoxides and 3-pentenoic acid or ally-
lacetoacetate was almost complete. The H-silane addi-
tion to C:C double bond in complexes changes based
on silane group between 30 and 9A%. Because there is
a -COO group in the reaction medium, side reactions
occur. ln other words, the presence of the C-O-
group causes condensation reactions (T or e) after
H-silane addition. Hydrolysis of PA ligands from
complexes takes place (10%) under the adopted reac-
tion conditions. New compounds are suitable for sol-
gel applications.
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