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Colloidal suspensions of monodispersed platinum | | |

nanoparticles of 2 nm diameter have been used to  _sio Si=O-{Si— + 50 |L [Caq —S,i—O S‘i—O Slif
catalyze the hydrosilylation of 1-octene with a polymethw l H | n-hex | |
hydrosiloxane. The nanoparticles were found to be as 50 50
efficient as Karstedt's complex, showing that colloid for- n-hex

mation from homogeneous species during hydrosilylation
reactions is not necessarily a deactivation pathway. These
results also reactivated the debate on whether Karstedt's
complex was truly homogeneous or colloidal during
catalysis.

Fig. 1Hydrosilylation of 1-octene by a PMHS

showing that their formation is not responsible for the e =
tivation of homogeneous catalysts, as it had been thoug' >
a long time. At the reverse, several truly homogeneous = - -
. ) . . inum catalysts were also describ&d? meaning that colln™
of functional silanes and silicones, and for the crossfigki f ion d h f I | o
of silicones?! This reaction is most of the time catalysed by ormation does not happen for all catalysts, contrary to *e
homoueneous blatinum complexes. the most widelv used irc]onclu5|ons of several authots14 Thus, it seems that bi th
109 P . P ' - y can catalyze hydrosilylation.

the industry being Speier's catalyst{PCl in isopropanol) For Karstedt's complex, the benchmark in the silicon : n-
and Karstedt's complex (H{Me,SiCH=CH,),0]3). Given piex, . L ‘

) ) . g : dustry, the exact nature of the active species is still unkno
the very high and unstable price of platinum, it is crucial to

. . Lewis and co-workers have suspected for a long time tha pla
improve the performances of the platinum-based catalgsts t. . . ;

- . inum colloids could be the actual active species of hydiusi-
reduce the quantities of platinum uséd.

. : lylation reactions in general, and that their formation a s

For that purpose, important efforts have been directed t . . . . 1214
. . ) he origin of the induction period observé#!?14These re-
the better understanding of the reaction mechanism and to L -
S . . Sults however lacketh situ data. More recently, they ch-:
the determination of the structure of the active species— . . L
. : . lenged their own conclusions by usimgsitu Extended X-ke.
homogeneous or colloidal—, a subject which has been contro; ’

. . . Absorption Fine Structure (EXAFS) to show that in the case
versial for almost thirty years and also concerns othelydita , . . D~
reactions3 of Karstedt's complex, the active Pt species presented Pt-C

nd Pt-Si bonds, but no Pt-Pt bonds, thus demonstratir.1 that

Several ex_amples qf platinum colloids hqve b.eeQ reporte@je catalyst was truly homogened®i$heir turnover numbe ‘s
to be catalytically active for alkene hydrosilylatién® thus (TONS, expressed in mol of transformed SiH per mol of prac

- - Suopl - on (ESI bl SeolD inum) were about 1000, because their set up only allov zu 10
J{O lggg,%’ggooou&‘; ementary Information (ESI) available.  Se®LD i with low substrate/catalyst ratios. In constrastyistic
a Universié de Lyon, Institut de Chimie de Lyon, Laboratoire dent des 1 ONS for this reaction are about3,Go there is still a need ..
Procédes Catalytiques (UMR 5285 CNRS-CPE Lyon), 43 Bd du 11 Noeembrfurther examine what is occurring at TONs higher than 17 o
1918, 69616 Villeurbanne, France. Fax: +33 (0)4 72 43 16 78; ¥33 (0)4 Besides providing mechanistic insights, studying plat.
72 43 17 56; E-mail: vme@lIgpc.cpe.fr lloid talvst f Ik hvdrosilvi 't. .
b Universié de Lyon, Institut de Chimie de Lyon, Laboratoire de Chimie, collolds as a ca a_ys or alkene hydrosilylation open z
Catalyse, Polytires et Proéces (UMR 5265 CNRS-Universityon 1-cPE  for reusable platinum catalysts. Up to now, none of tt 2 puk
Lyon), Equipe Chimie Organoétallique de Surface, 43 Bd du 11 Novembre |ished colloidal platinum catalysts for alkene hydrosityo:.

Alkene hydrosilylation is a crucial reaction for the protdan

1918, 69616 Villeurbanne, France. E-mail: thieuleux@fpe. : ) .
> ) could compete with Karstedt's complex in terms of TGN
¢ Bluestar Silicones France SAS., 85 Avenue desesrPerret, 69192 Saint- P P .
Fons, France. E-mail: sebastien.marrot@bluestarsiliesicom _ In the preS?nt work, we prepared three kinds of s
1 These authors contributed equally to this work. inum nanoparticle suspensions and used them to cataly ~ e
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Table 1 Characteristics of the colloids and results of catalytic tests with the colloids aigtatinum precursors. The SiH conversions v. zie
measured 30 minutes after the end of PMHS addition.

Catalyst Pt precursor Stabilizer Average SiH conv. (TON) SiH con@NY 1-octene
diameter (nm) 0.5 ppm Pt 7 ppm Pt isomerizat on

Karstedt - - - 87% (B x 10°) 96% (10 x 10°) 12%

Pt(dba) - - - 86% (15 x 10P) 98% (11 x 10P) 12%

Colloid1 Pt(dba) n-octylsilane 1.6 77% (B x 10P) 98% (11 x 1CP) 11%

Colloid2 Karstedt PMHS 1.7 84% @ x 10°) 97% (10 x 10P) 11%

Colloid3 Karstedt n-octylsilane 1.7 81% (4 x 10°) 99% (11 x 10P) 11%

Microscopy (TEM, see Fig. 2 for an example). The nanopar-
ticles were found to be small, isolated and crystalline. ii he
mean diameter was calculated by averaging the size of aticas
200 particles per colloid, measured from the TEM imag( >
was of 1.6 nm for Colloid1, and 1.7 nm for Colloid2 and Co,
loid3 (see Table 1).

Catalytic tests were performed to compare the activiti~= _,
platinum nanoparticles and their homogeneous precuisuis a
0.5 ppm and 7 ppm of platinum in the reaction mixture (see
Table 1). A typical procedure involves preheating a rii s .ui.-
of 1-octene and colloidal suspension atZ%nd then addii
a quantity of PMHS corresponding to 0.7 equivalent of 'k
over 52 minutes. The SiH conversions were determine ™' ¥y
IH NMR at regular intervals after the end of the additic » of
PMHS. Blank experiments were performed at various pri~ts
of the project and showed that the catalytic test setup w.'s n,
contaminated by any trace of catalyst.

Fig. 2 Transmission Electron Micrograph of Colloid1. SiH conversions are compared 30 minutes after the ¢al 1 f
the addition of PMHS in the Table 1. At 7 ppm of platinuii.
conversions are almost quantitative 96%) for all catalyst s.
hydrosilylation of 1-octene with a polymethylhydrosila}a At 0.5 ppm of platinum, the colloidal catalyst gave 77%—6&<vo
(PMHS) containing approximately 50 SiH units (see Fig. 1).conversion while Karstedt's complex gave 87% convel sior
TONSs higher than were rapidly reached without signifi- At 7 ppm platinum, full conversion of the PMHS could easny
cant deactivation, demonstrating that platinum nanoglaegi be reached with longer reaction times, but at 0.5 ppm, e~ =r
could be as efficient as Karstedt's complex. We also reactisions never got higher than 90%. We suspected a deac.. ~ ion
vated the debate on whether Karstedt's complex is truly hoef the catalysts due to traces of contaminant in the reagtant
mogeneous or colloidal during catalysis. given the very small platinum concentrations used.

Three kinds of platinum nanoparticles (Pt NPs) were syn- Colloids were found to be as selective as Karstedt’'s ~om-
thesized using an experimental procedure developed in owlex, and showed only anti-Markovnikov addition of the siH
laboratory for the synthesis of platinum and nickel nantipar on the C=C bond (like most platinum catalysts). The propor-
cles1>16 A typical procedure comprises dissolution of 0.015 tion of isomerization of 1-octene to 2-octene, a side rei cu
mmol of Pt(dba) (dba = dibenzylideneacetone) or Karst- very common in hydrosilylation with platinum catalysts,( va
edt’s complex in 43 mL of toluene, adding a quantitymef  between 10% and 12% for all catalysts.
octylsilane or PMHS corresponding to 1 equivalent of $SiH  These results clearly show that well-stabilized nanoplar .

(or SiH, respectively) and stirring overnight at room temgpe are as efficient as Karstedt's complex, and not a deacti ~*

ture under 4 bars of hydrogen. Full details about the syighes form of homogeneous catalysts. Noteworthy, if colloids we-

characterization and catalytic tests of the colloids aoeiged  not well-stabilized (for example because of a lack o' stabi

in ESK. It should be noted that only one example of platinumlizer) and started to agglomerate, their catalytic perfomue

nanoparticles stabilized by polymethylhydrosiloxanesvwe  dropped (see E$).

ported in the literaturé. On Fig. 3 the SiH conversion is plotted vs. time at 0.5 ...,
The colloids were characterized by Transmission ElectrorPt for Pt colloids and Pt complexes. The tendency is thi = -
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100 : : : : : the Pt concentration was under the detection limits or \nese
techniques. However, a Celite adsorption experiment du in
catalytic test with Pt NPs (see E$lprovided some evider.cc

90 ° L4 & ] that in that case the catalytic activity arised mainly frdw. E .
< oo EA S NPs themselves and not some dissolved Pt species.
< 80 [ m | In conclusion, we showed that platinum nanoparticles “i1sid
% I X in same concentrations as Karstedt’'s complex, the bend ™~
“;’ in the silicone industry, gave equal to superior perforneanc
S 10 K , and could reach full conversions even at concentratic» 7 s
= low as 7 ppm. We also reactivated the debate on whather
x Karstedt’'s complex was truly homogeneous or colloidal dur
Karstedt @ . . . .
60 Pt(dbay A |7 ing catalysis. Albeit the exact nature of the catalyticalby
88”8:3% é tive Pt species at high TONs could not be elucidated be :ause
. . . Colloid3 ® of low Pt concentrations, our results suggest that dissidfuc
50 0 50 100 150 200 250 300 350 species (j.e. not colloidal) are not playing a significame tic
Time (min) the reaction.

The results also open the way towards the d -—wp-
Fig. 3 SiH conversion as a function of time, in batch tests (0.5 ppm ment of nanostructured heterogeneous platinum catalm=*-
Pt). The period in grey, from 0 to 52 minutes, is the addition of alkene hydrosilylatiot®1% Immobilizing the nanoparticics
PMHS in the reactor. on solid supports would allow to reuse catalysts and to ob-
tain platinum-free and colorless hydrosilylation prodi¢e.
highly desirable qualities for the silicone indust/One im

mogeneous Pt(0) precatalysts such as Karstedt's complex Hortant challenge will be to develop a heterogeneous - Iy
Pt(dba) are more active than Pt nanoparticles in the first min-yhich is extremely stable towards deactivation and plat~ *
utes of reaction, but that all catalyst tend to have simitéiva leaching, in order to outperform homogeneous catah te i
ties in the late stage of the reaction. Pt complexes andidsllo terms of TONs. Since the nanoparticles presented herei ~av
also give similar selectivities towards 1-octene isonsion already reached TONSs as high as Karstedt's complex, onr e
in the late stages of the reaction. immobilized they would be recyclable and could give even

Our group recently demonstrated usitg and?°Si NMR  higher TONSs. It would allow the development of hydrosil /i -
that for high octene/SiH ratios and at low SiH conversions tion processes with reduced platinum consumption, thuor
the active species arising from Karstedt's complex and fromsustainable. Our group is currently working towards thi~ ob
the Pt NPs are different. At higher conversions, the behavio jective.
of both catalysts is the same, highlighting the fact thatskar ~ The French Agence Nationale de la Recherche (AN! :-O¢
edt's complex was progressively transformed into a differe cp2p-13-01 and ANR-13-CDII-0007 programs) is gratetuny
active species at TONs of 3610".17 The higher activities of  acknowledged for funding this project. Antoine Der~ . e
Pt complexes relatively to Pt colloids at the beginning of re (CPE Lyon) is thanked for his participation to some ex, -
action are consistent with these conclusions. They areilso ments.
agreement with the results of the group of Lewis, who used
in situ EXAFS experiments to prove that at very low TONs
(< 1000) Karstedt’s complex was truly homogene8us. References
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