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Abstract

Quite e!ective nature of isocyanides to control the curing reaction of silicone resin via the Pt-catalyzed hydrosilylation process is
described. In the presence of the isocuanides, the curing reaction of the silicone resin by H

2
PtCl

6
did not occur at ambient

temperature, while the lack of the isocyanide systems conducts the smooth curing, indicating that the present systems serve as
a thermal latent catalyst for silicone resin. The curing temperature was controllable by the character and the concentration of the
isocyanides employed. ( 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Owing to its chemoselective, mild, and rapid charac-
teristics, quite a few applications of hydrosilylation reac-
tion have been developed in industry [1}4]. For example,
many types of adhesives, sealants, coatings, etc., are
manufactured through hydrosilylation process. Although
the rapid nature of the reaction is useful in some respects,
it often brings about poorly reproducible results in the
"eld of material science. Very short pot-life of the homo-
geneous mixture of the prepolymers and the catalyst
should also be overcome to realize a simple curing pro-
cess in which one can conduct the smooth curing, for
example, simply by heating the mixture.

On the basis of these requirements, several types of
compounds such as acetylenes and ole"ns have been
evaluated as a retarder of the platinum catalyst [5}17].
In theses cases, however, large excess amounts of the
additives should be employed so as to reduce su$ciently
the activity of the catalyst. These demerits promoted us
to develop more e!ective candidates. Recently, we re-
ported that isocyanides are quite e!ective to control the

hydrosilylation activity of the platinum catalyst in which
near stoichiometric amount of the isocyanides relative to
the platinum can su$ciently provide an excellent thermal
latency to the catalyst [18,19]. For instance, the combi-
nation of H

2
PtCl

6
and t-BuNC (2 equiv to Pt) reveals the

activity toward the hydrosilylation of triethylsilane with
trimethylvinylsilane above 603C, while the reaction with
H

2
PtCl

6
(i.e., without t-BuNC) proceeds smoothly at

ambient temperature.
The combination of H

2
PtCl

6
and the isocyanides is

also expected to exhibit excellent controllability of the
curing process of the silicone resin by means of hy-
drosilylation. Accordingly, we wish to report here the
curing behavior of silicone resin containing Si}H moie-
ties with that bearing vinylsilane groups so as to demon-
strate clearly the thermal latency of the catalyst in the
practical application.

2. Experimental

2.1. Materials

tert-Butylisocyanide, n-butylisocyanide, cyclohexyliso-
cyanide, and 1-hexyne were puri"ed by distillation.
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Fig. 1. Evaluation of the catalytic activity toward the curing reaction of
the silicone resin system in the presence of various aliphatic isocyanides
(conditions: poly-(dimethylsiloxane) having dimethylvinylsilane end
groups"10.0 g, poly(dimethylsiloxane-co-methylhydrogensiloxane)"
0.56 g, H

2
PtCl

6
"0.05 mmol, isocyanide"0.10 mmol). L: H

2
PtCl

6
alone, n: 1-hexyne, v: tert-butylisocyanide, m: cyclohexylisocyanide,
j: n-butylisocyanide.

Phenylisocyanide, p-methoxyphenylisocyanide, and p-
chlorophenylisocyanide were prepared by the reported
procedure [20] and were puri"ed by distillation.
H

2
PtCl

6
, polydimethylsiloxane having dimethylvinyl-

siloxy end groups (M
/
"20,000, obtained from Gelest

Ltd.), and copolymer consisting of polydimethylsiloxane
and methylhydrogensiloxane segments (M

/
"1200,

[-OSi(H)MeO-]/[-OSiMe
2
O-]"30/70, obtained from

Gelest Ltd.) were used as received. Catalysts consisting of
H

2
PtCl

6
and isocyanides were prepared by the proced-

ure, reported previously [18].

2.2. Apparatus

The curing time and temperature of the silicone resin
were measured by scanning vibrating needle curemater
(SVNC) system [21] on a RAPARA VNC92H/F2300
model. The viscosity of silicone resin was measured by
using BH-type viscosity mater (TOKIMEC Co., Ltd., JIS
K 7117 model) at 403C.

2.3. Curing reaction of silicone resin (typical procedure)

A mixture of polydimethylsiloxane having dimethyl-
vinylsiloxyl with that carrying groups (10.0 g, vinyl
content: 1.3 mmol), a copolymer consisting of poly-
dimethylsiloxane and methylhydrogensiloxane segments
(0.56 g, Si}H content: 2.3 mmol), and a THF solution of
the platinum catalyst (0.05 g, 1.5 mol%) was heated at
1003C. The curing time was monitored by the SVNC
analysis.

3. Results and discussion

The curing reaction of a silicone resin containing Si}H
moieties and end-vinyl groups was carried out under
various conditions (Scheme). Fig. 1 shows curing temper-
ature versus gel fraction in the curing of the silicone resin

for 10 min in the presence of various aliphatic isocyan-
ides (2 equiv to Pt). The silicone resin was cured smooth-
ly with H

2
PtCl

6
alone at 603C within 10 min. It is worth

noting that the addition of aliphatic isocyanides gave
a clear e!ect on the curing temperature. For example, the
higher-temperature-shift by c.a. 303C was observed in the
presence of t-BuNC, indicating that a small amount of
the isocyanide is e!ective to retard the curing reaction of
silicone resin. Although acetylene derivatives are known
to serve as an inhibitor of hydrosilylation [11}13], the
same quantity of 1-hexyne (2 equiv to Pt) gave only
a slight shift (c.a. 103C). That is, isocyanide derivatives
are more e!ective than the acetylene derivative, realizing
the latent system with a small amount of the additive.
Furthermore, the controllability of the curing process is
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1The same trend was also observed in the hydrosilylation of triethyl-
silane and trimethylvinylsilane (see Ref. [18]).

Fig. 2. Evaluation of the catalytic activity toward the curing reaction of
the silicone resin system in the presence of various aliphatic isocyanides
(conditions: poly-(dimethylsiloxane) having dimethylvinylsilane end
groups"10.0 g, poly(dimethylsiloxane-co-methylhydrogensiloxane)"
0.56 g, H

2
PtCl

6
"0.05 mmol, isocyanide"0.10 mmol). v: phenyliso-

cyanide, m: p-chlorophenylisocyanide, j: p-methoxyphenylisocyanide.

Fig. 3. Concentration e!ect of phenylisocyanide in the curing reaction
(conditions: poly(dimethylsiloxane) having dimethylvinylsilane end
groups"10.0 g, poly (dimethylsiloxane-co-methylhydrogensiloxane)"
0.56 g, H

2
PtCl

6
"0.05 mmol).

Fig. 4. Curing temperature versus gel fraction in the curing reaction of
silicone resin in the presence of phenylisocyanide (conditions:
poly(dimethylsiloxane) having dimethylvinylsilane end groups"10.0 g,
poly(dimethylsiloxane-co-methylhydrogensiloxane)"0.56 g,
H

2
PtCl

6
"0.05 mmol, phenylisocyanide"0.10 mmol). L: 803C, v:

903C, m: 1003C, j: 1103C.

dependent upon the isocyanide structure, being in the
following order: n-butylisocyanide'cyclohexylisocyan-
ide'tert-butylisocyanide (i.e., primary'secondary'
tertiary). As we described previously, the retardation
takes place by the dissociation of isocyanides ligated on
the platinum atom [18]. Accordingly, sterically less hin-
dered isocyanides can coordinate more strongly to the
platinum than sterically hindered ones which should be
the reason for the observed di!erence.1

Likewise, the curing temperature versus gel fraction
was evaluated in the presence of various aromatic
isocyanides (2 equiv to Pt). As shown in Fig. 2, the
catalytic activity was a!ected by the electronic character
of the p-substituents on the benzene ring. That is, the
retardation e!ect increases in the following order:
p-methoxyphenylisocyanide'phenylisocyanide'p-
chlorophenylisocyanide. The result is also in good
accordance with the preceding study by using triethyl-
silane and trimethylvinylsilane as a model reaction [19]
where the catalytic activity is controllable by the elec-
tron-donating ability of the p-substituents.

The e!ect of the isocyanide concentration on the cur-
ing temperature was evaluated by using phenylisocyan-
ide, from which a clear higher temperature-shift of the
curing was observed by raising the concentration of
phenylisocyanide (Fig. 3) [19].

Fig. 4 shows time-gel fraction curves at various tem-
peratures in the presence of phenylisocyanide (2 equiv to

Pt), from which we could con"rm the latent character of
the initiating system. While silicone resin did not cure
below 803C, the reaction proceeded smoothly at elevated
temperature. For example, the curing reaction was com-
plete within c.a. 4 min at 1003C.

So as to evaluate the storage stability of the silicone
resin, the viscosity of the prepolymer}catalyst mixture
was monitored at 403C (Fig. 5). While the viscosity in-
creased rapidly when H

2
PtCl

6
alone was employed at

a catalyst, the isocyanides examined (aromatic isocyan-
ides) were found to be quite e!ective to preserve the
prepolymer system at 403C. The shelf life was dependent
upon the isocyanide structure, as was observed in the
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Fig. 5. Viscosity versus storage time of the silicone resin at 403C
(conditions: poly(dimethylsiloxane) having dimethylvinylsilane"100.0 g,
poly(dimethylsiloxane-co-methylhydrogensiloxane)"5.60 g,
H

2
PtCl

6
"0.50 mmol, phenylisocyanide"1.00 mmol). L: H

2
PtCl

6
alone, v: phenylisocyanide, m: p-chlorophenylisocyanide, j: p-
methoxyphenylisocyanide.

experiment in Fig. 2. The results obtained here might be
of importance to attain the one-pot silicone resin system
in practice.

4. Summary

The hydrsilylation curing behavior of silicone resin
was evaluated in the presence of various isocyanides so as
to demonstrate the e!ectiveness of the isocyanides to
control the curing process. A remarkable retardation of

the curing process was observed in the presence of the
isocyanides. The curing temperature was controllable by
the substituent on the isocyanides and the concentration
of the isocyanides. The excellent preservable nature of the
prepolymer}catalyst mixture was con"rmed.
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