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Abstract

Oxidation reaction of hydrosilane catalyzed by Wilkinson’s catalyst can produce hetero-disiloxane
compounds. Herein, we investigated the kinetic constants of the reaction of triethoxysilane with oxygen
in the presence of Wilkinson's catalyst at 100 °C in toluene. The kinetic rate constants of elemental
reactions, which are expected in this reaction system, were evaluated to reproduce the time-dependent
variation of peak areas in gas chromatography. The rate constant of silanol-formation via oxidation
reaction of TES was estimated to be 0.045 L"?> mol "> min™'. The rate constant was smaller than that of
general aqueous hydrolysis reaction of alkoxysilane. The rate constants of alkoxy—silanol and silanol—
silanol condensations were 0.12 and 0.08 L mol ' min!, respectively. The silanol-formation reaction was
estimated to be the rate-determining reaction to form pentacthoxydisiloxane as a major product. The side-
reactions to form 1,1,3,3-tetraecthoxydisiloxane and hexaethoxydisiloxane were found to be suppressed

by the formation of water in small amount.
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Scheme 1 Synthesis of PEDS by the oxidation of TES
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Figure 1 GC chart of reaction solution of oxidized TES with

Willkinson’s catalyst for 5 h

Hz, 6H, CH,), 3.87 (q, J= 6.9 Hz, 4H, CHy), 4.35 (s,
1H, Si-H). ®C NMR: § = 18.05, 18.17, 58.27, 59.23.
2Si NMR: § = —67.70, —88.42. IR: 2977 (vC-H),
2213 (uSi-H), 1392 (5CH.), 1168 (pCHs), 1079
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(vC-0), 969 (VC—C), 880 (wWO-Si-H).
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Figure 2 Formation scheme of oxidation reaction of TES with Wilkinson’s catalyst
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Figure 3 GC area ratio for oxidative reaction of TES versus

reaction time
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d[TES)/dt=—k[TES][O2]">~>[ TES][TESOL]
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(D
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Figure 4 Difference of kinetic rate of condensation reaction between TES-TESOL and TESOL-TESOL. (cycle, square, and

triangle marks mean experimental TES, PEDS, and TEOS, respectively)
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Figure 5. Difference of ethanol absorption rate for molecular sieves. (cycle, square, and triangle marks mean experimental TES,

PEDS, and TEOS, respectively)
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Figure 6. Difference of kinetic rate of oxidation reaction of TES.
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Table 1 Summary of kinetic constants

Reaction Rate  constant
(Lmol'min™")
Ky TES + 1/2 O, — TESOL 0.045 +0.0022
ko TES + TESOL — PEDS 0.120 £ 0.01
ks 2 TESOL — HEDS 0.080 +0.01
ks TES + EtOH — TEOS 0.004
ks TES + H,O — DESOL 0.1<
Ke PEDS + EtOH — HEDS 0.001>
ky TEOS + TESOL — HEDS 0.001>
Ks TES + DESOL — TEDS 0.1<
Ko TEOS + DESOL — PEDS  0.001>
kio TEOS + H,O — TESOL 0.001>
ki 2 DESOL — TEDS 0.001>
rvs  Absorption rate of MS 0.06 +0.01°

 The unit of this rate constant is L'?mol ?min".

b The unit of this rate constant is min~'.
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