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Abstract: We report the immobilization of the ultrarigid ansa-hafnocene complexes rac-

[Me2Si(Ind*)2HfCl2] (rac-1; Ind* = 7-(3’,5’-Di-tert-butylphenyl)-4-methoxy-2-methylindenyl) on 

silica as hetereogeneous catalysts for propene polymerization. A sequential three-step 

synthesis on the siliceous surface led to pre-catalysts of the generalized structure SiO2-

Si(Ind*)2HfCl2, which possess the silylene bridge of the substituted bis(indenyl) ligand directly 

attached to the surface. The immobilized pre-catalysts show very poor performance in the 

polymerization of propene, independent on the reaction conditions and the employed silica. 

Based on the results, we suggest that the close proximity of the catalyst to the surface 

combined with the steric congestion provoked by the ligand prevents a continuous 

polymerization, most likely due to a blockage of the catalytically active sites with growing 

polymer. 
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The immobilization of homogeneous catalysts onto heterogeneous carriers is an important 

approach to unify homogeneous with heterogeneous catalysis.[1] Catalysts for -olefin 

polymerization range amongst the most widely used catalysts due to the tremendous 

importance of polyolefins where polyethylene (PE), polyproplyene (PP) and polystyrene (PS) 

alone contribute with >50 % to the overall global plastic production with ever-increasing 

demand.[2] The immobilization of homogeneous -olefin polymerization catalysts is appealing, 

because it potentially enables the unification of the high activity and control of the polymer 

microstructure as well as the molecular weight provided by homogeneous single-site catalysts 

with the unmatched operability of heterogeneous Ziegler-Natta catalysts at industrial process 

conditions.[3] Consequently, a wide range of strategies were explored to immobilize these 

single-site polymerization catalysts, including physiosorption, grafting and tethering of either 

the pre-catalyst or the activator reagent (co-catalyst).[1,3] 

The continuous optimization of Group 4 ansa-metallocenes has attracted considerable 

attention in the last ca. 30 years, which culminated in the rise of Zr and Hf metallocenes with 

tailored silylene-bridged substituted indenyl ligands to be one of the most frequently used 

homogeneous polymerization catalysts.[4] More recently, significant progress was also 

achieved in the development of post-metallocene catalysts.[5] 

In 2012, we reported the synthesis of the ultrarigid hafnocene pre-catalyst rac-

[Me2Si(Ind*)2HfCl2] (rac-1; Ind* = 7-(3’,5’-Di-tert-butylphenyl)-4-methoxy-2-methylindenyl), 

which produces isotactic polypropene (iPP) of ultrahigh molecular weight (Mw > 5 · 106 g/mol) 

with nearly perfect stereocontrol ([mmmm] > 99.9 %), providing iPP with the so far highest 

melting point ex reactor of 171 °C.[6] 

Herein, we report our attempts to immobilize the catalyst rac-1 on silica particles using the 

sequential approach outlined in Scheme 1. This approach has been reported earlier for 

surface-tethering of zirconocene catalysts, but using only the unsubstituted indenyl (Ind, C9H7) 

as ligand, which induces no stereoselectivity in the metallation step and consequently leads to 

an undesired mixture of atactic (aPP) and isotactic polypropene (iPP) after propene 

polymerization.[7] By contrast, the particular substitution pattern of the Ind* ligand favours a 

racemo-selective formation of rac-1,[6] which is why we set out to explore the suitability of this 

rather simple approach to support rac-1 on silica. 
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Scheme 1. Sequential approach for supporting the pre-catalyst rac-1 onto silica; R = 3,5-tBu2-

C6H3. 

 

Two commercially available silicas were used in this study, namely Sipernat® 50 from 

Evonik (aBET = 450 m2/g, cumulative pore volume = 1.75 mL/g; aBET = surface area determined 

by BET analysis) and Sylopol® 2408 HT from Grace (aBET = 310 m2/g, cumulative pore volume 

= 1.51 mL/g). The silica materials were calcined at 300 °C for 16 h under air, followed by at 

100 °C under vacuum for 1 h and the calcined silicas are hereafter abbreviated with EV300 

(Sipernat® 50) and GR300 (Sylopol® 2408 HT). 

A mild chlorination of the silicas was achieved at ambient temperature in DCM suspension 

by the addition of an excess SiCl4 and NEt3 (Scheme 1).[8] This method yielded the chlorinated 

silicas SiO2-SiCl2 with chlorine surface concentrations Cl of 6.02 mol/m2 (EV300) and 

6.01 mol/m2 (GR300). By comparison, this approach leads to higherCl values than the 

chlorination of silica with excess SiCl4 in refluxing toluene [Cl = 2.32 mol/m2 (EV300)],[7] but 

lower Cl values than reached with the gas phase chlorination of silica with neat SiCl4 at high 

temperature (T >200 °C, Cl > 7 mol/m2).[9] 

Treatment of SiO2-SiCl2 with LiInd* in a 1:1 solvent mixture of 1,4-dioxane / toluene and 

moderate heating to 60 °C for 24 h led to the indenyl-modified silicas SiO2-Si(Ind*)2. 

Subsequent lithiation of SiO2-Si(Ind*)2 with n-butyllithium and treatment with [HfCl4(THF)2] in 

THF at −60 °C yielded the supported pre-catalyst SiO2-Si(Ind*)2HfCl2 as a yellow powder. The 

hafnium contents of the materials were determined by ICP-OES analysis to be Hf = 

0.76 mol/m2 (EV300 and GR300). These values are lower than the Zr content reported by Soga 

and coworkers in their original report using unsubstituted indenyl and ZrCl4 (Zr = 

1.99 mol/m2),[7e] which likely reflects the higher steric congestion of the silica surface with the 

bulky indenyl ligand Ind*. 

The successful synthesis of the supported pre-catalyst SiO2-Si(Ind*)2HfCl2 was followed by 

X-ray photoelectron spectroscopy (XPS). The Hf 4d, Cl 2p and C 1s spectra displayed in 

Figure 1 confirm the chlorination of the bare SiO2 support surface and the final assembly of 

the hafnocene complex at the anchoring sites. Starting from the clean SiO2 surface the 
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appearance of the Cl 2p3/2 at 200.3 eV indicates the formation of Si-Cl species in agreement 

with literature.[10] The final formation of the pre-catalyst is confirmed by a substantial C 1s and 

Hf 4d emission as well as a shifted Cl 2p3/2 signal at 199.3 eV reported for chlorinated 

hafnocene complexes.[11] The Hf 4d/Cl 2p intensity ratio converts to the expected stoichiometry 

of 1:2. Note, that the Cl 2p intensity decrease from the chlorinated SiO2 surface to the pre-

catalyst reflects the loss of anchoring sites during synthesis of the hafnocene complex in 

agreement with chlorine and hafnium concentrations Cl and Hf observed with elemental 

analysis. 

 

Figure 1. Hf 4d/Cl 2p as well as C 1s photoemission spectra obtained from SiO2, SiO2-SiCl2 

and SiO2-Si(Ind*)2HfCl2. All spectra have been scaled to the Si 2p peak area originating from 

the support so that peak intensities reflect the amount of surface atoms.  

 

We tested the slurry-phase polymerization of propene using the immobilized SiO2-

Si(Ind*)2HfCl2 pre-catalyst in toluene. For this purpose, the immobilized pre-catalyst was 

activated with an excess of triisobutylaluminium (TIBA) in toluene at 60 °C for 1 h and the 

polymerization initiated with CPh3[B(C6F5)4]. Only minor quantities of polymer formed and the 

attempted extraction of the polymer with 1,2,4-trichlorobenzene (TCB) at 160 °C yielded only 

traces of polymeric material for both used silica materials (< 5 mg). All further attempts to 

increase the amount of polymer by increasing either the catalyst loading, the polymerization 

time, the pressure, the temperature, or the time of pre-catalyst activation showed no 
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improvement of the polymer yield. Thus, the catalytic productivity of SiO2-Si(Ind*)2HfCl2 is 

markedly lower than that of the indenyl-substituted supported catalyst SiO2-Si(Ind)2ZrCl2, for 

which already low productivities of 2.2 – 3.6 gram of polymer per gram of catalyst component 

were reported.[7d,e] GPC analysis indicated the presence of polypropylene with a weight 

average molecular weight Mw of 113,000 g/mol and a broad dispersity (Đ = 5.4). Unfortunately, 

a further analysis of the polymer microstructure by 13C{1H} NMR spectroscopy or thermal 

analysis was hampered by the only very small quantities of isolated polymer.  

Analysis of the supported pre-catalyst before and after polymerization by SEM imaging 

revealed that agglomerated silica particles are present before the polymerization with 

individual particle sizes below ca. 25 nm (Figure 2, left). After the polymerization, the presence 

of polymer could be clearly confirmed by the SEM images, showing agglomerates of particles 

with only marginally increased diameters up to a maximum value of roughly 65 nm (Figure 2, 

right). No significant differences were found for the two different silica materials EV300 and 

GR300. 

 

  
  

Figure 2. SEM images of SiO2-Si(Ind*)2HfCl2 before (left) and after (right) the polymerization 

of propene; used silica: EV300 (qualitatively similar images were acquired for GR300). 

 

We conclude that although XPS and elemental analysis indicate that the supported pre-

catalyst SiO2-Si(Ind*)2HfCl2 can be synthesized by the sequential approach employed herein, 

the material is highly inefficient in polymerizing propene, leading to only minor quantities of 

polypropene, regardless of the reaction conditions and the used silica. SEM imaging shows 

that the particle diameter only slightly increases after the polymerization, suggesting that any 

catalytic activity shuts down after initial polymer formation. Presumably, this is a result of the 

poor accessibility of the catalytically active sites resulting from the steric congestion of the 

bulky Ind* ligands and the close proximity of the catalyst to the surface, leading to a complete 

absence of catalytically active sites after the particles are covered with small amounts of 

polymer. Future studies will now focus on strategies to tether the ultrarigid hafnocene catalyst 
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rac-1 which allow for an adjustment of the distance of the catalytically active center and the 

surface by alteration of the length of the tether.[12] 
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1. General considerations 

 

 All manipulations were unless otherwise stated carried out under an atmosphere of argon 

using standard inert gas techniques or an argon-filled MBraun glovebox.[S1] All chemicals 

unless otherwise stated were purchased from Sigma Aldrich, Acros or VWR and used as 

received. Sipernat® 50 silica was obtained from Evonik [aBET: 450 m2/g, cumulative pore 

volume: 1.75 mL/g; aBET = surface area determined by BET analysis] and Sylopol® 2408 HT 

silica was obtained from Grace [aBET = 310 m2/g, cumulative pore volume: 1.51 mL/g]. The 

silicas were calcined at 300 °C for 16 h under air in a muffle furnace, followed by at 100 °C 

under vacuum for 1 h and stored under argon. The following abbreviations are used for the 

calcined silicas: EV300 (Sipernat® 50) and GR300 (Sylopol® 2408 HT). Propene 2.8 (Gerling, 

Holz+Co.) was purified by passage through two consecutive columns filled with BASF catalyst 

(R3-11) and molecular sieves (4 Å), which were heated to 60 °C and 40 °C, respectively. 7-

(3’,5’-Di-tert-butylphenyl)-4-methoxy-2-methylindene (Ind*H)[S2] and [HfCl4(THF)2][S3] were 

prepared following the literature procedure. was prepared following the literature. Dry toluene, 

dichloromethane (DCM), tetrahydrofurane (THF), diethyl ether (Et2O) and n-pentane were 

obtained from an MBraun MB-SPS-800 solvent purification system and stored in the glovebox 

over molecular sieves (4 Å). 1,4-Dioxane was passed over activated neutral alumina, stirred 4 

days over CaH2, distilled under argon and stored in the glovebox over molecular sieves (4 Å). 

 Gel permeation chromatography (GPC) was performed on a PL-GPC 220 instrument 

equipped with 2 × Olexis 300 mm × 7.5 mm columns and triple detection via a differential 

refractive index detector, a PL-BV 400 HT viscometer and light scattering (Precision detectors 

model 2040; 15°, 90°). Measurements were performed at 160 °C in 1,2,4-trichlorobenzene 

(TCB; stabilized with 30 mg BHT/L) with a constant flow rate of 1 mL/min and a calibration set 

with narrow MWD polystyrene (PS) and polyethylene (PE) standards. The crude polymer 

(20 mg) was suspended in TCB (4 mL), the suspension heated for 1 h on a heated vibrating 

plate (140 °C) and filtered at 140 °C prior to the GPC measurement. 

 Elemental analyses (CHNS and chlorine) were performed by the microanalytical laboratory 

of the Department of Chemistry of the Technical University of Munich. The hafnium content of 

the supported pre-catalysts was determined by ICP-OES analysis on an Agilent 700. The 

samples for the ICP-OES analysis were prepared by stirring a suspension of the supported 

pre-catalyst in a mixture of 1 mL HCl (37 %), 1 mL HNO3 (65 %) and 2 mL water for 48 h and 

subsequent filtration. Hf standards (Merck) were prepared for 50, 10, 1, and 0.1 ppm metal ion 

concentration. Signal superpositions and matrix effects were excluded. The wavelengths 

tracked for data evaluation were 232.25 and 277.34 nm. All data were collected 5 times.

 N2 physisorption measurements of the untreated silicas were performed on a 

Quantachrome NOVAtouch LX-4 instrument. Approximately 100 mg of the silica were 
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degassed at 120 °C for 3 h prior to analysis. The BET surface area aBET was calculated with 

the multi-point BET method with seven data points in the p/po range of 0.074 – 0.28. The 

cumulative pore volume was determined via the N2 adsorption at a p/p0 value of 0.99. 

 The SEM images were recorded with a Jeol JSM 7500F field emission scanning electron 

microscope. The samples were sonicated in diethyl ether for ca. 30 minutes, the solvent 

evaporated slowly under air and the samples mounted on an adhesive carbon tape, which was 

affixed on a copper specimen carrier. An accelerartion voltage of either 1 kV or 0.5 kV was 

used for the measurements. 
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2. Synthesis of the immobilized pre-catalyst 

 

2.1 Synthesis of SiO2-SiCl2 

2.000 g of silica (EV300 or GR300) were suspended in 40 mL of DCM. 3.0 mL (21.5 mmol) of 

NEt3 were added and the resulting yellow suspension was stirred for 30 minutes at ambient 

temperature. Subsequently, 3.0 mL (26.1 mmol) of SiCl4 were added to give a dark yellow 

suspension. The suspension was stirred for 24 h at ambient temperature. The volatiles were 

removed under vacuum and the resulting colourless solid was dried under vacuum for 2 h. The 

solid was transferred to a frit (G4 porosity) and washed with 5 × 15 mL of DCM. Subsequently, 

the colourless solid was dried for 16 h at 100 °C under vacuum. Yield: 1.967 g (EV300); 1.981 g 

(GR300). A 1H NMR spectrum recorded after agitating the solid in CDCl3 and subsequent 

filtration showed no signals of residual [HNEt3]Cl.  

 

Alternative chlorination of silica 

The chlorination of silica following the report from Soga and coworkers[S4] was also tested. 

1.000 g of silica (EV300) was suspended in 10 mL toluene and 1.0 mL of SiCl4 (8.7 mmol) was 

added. The slightly yellow suspension was refluxed for 24 h. A further amount of 0.5 mL of 

SiCl4 (4.4 mmol) was added and the suspension further refluxed for 24 h. The mixture was 

filtered and the residue washed with 3 × 4 mL Et2O. The colourless solid was dried under 

vacuum at 100 °C for 16 h. Yield: 1.013 g. 

  

Table S1: Results of the chlorine analyses of SiO2-SiCl2.[a] 

silica w-%(Cl) α(Cl) [mmol/g] β(Cl) [mol/m2] 
EV300 9.6[b] 2.71 6.02 

EV300
[c] 3.7[c] 1.04 2.32 

GR300 6.6[d] 1.86 6.01 
[a]: The mass concentration α(Cl) was calculated via α(Cl) = w-%(Cl)/[100·M(Cl)] with M(Cl) = 35.45 g/mol. The 

surface concentration β(Cl) was calculated via β(Cl) = α(Cl)/aBET, where aBET is the surface area of the specific silica 

determined by BET analysis [aBET(EV300) = 450 m2/g, aBET(GR300) = 310 m2/g]. [b]: Median of three independent 

determinations. [c]: Prepared by the alternative chlorination route with SiCl4 in toluene. [d]: Median of two 

independent determinations.  
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2.2 Synthesis of SiO2-Si(Ind*)2 

For the preparation of the LiInd* solution, 1.743 g of Ind*H (5.0 mmol) were dissolved in a 

mixture of 10 mL toluene / 10 mL 1,4-dioxane and the yellow solution was cooled to 0 °C. 

2.2 mL (5.5 mmol, 1.1 eq.) of a 2.5 M n-butyllithium solution in n-hexane were added dropwise 

to give a red-orange solution, which was slowly warmed to ambient temperature within 30 

minutes and stirred for additional 2 h. This solution of LiInd* was added dropwise to a 

suspension of 1.000 g of SiO2-SiCl2 (EV300 or GR300) in 10 mL toluene / 10 mL 1,4-dioxane via 

cannula at 0 °C to yield an orange-red suspension. The suspension was slowly warmed to 

ambient temperature and stirred for 16 h. Afterwards, the mixture was heated to 60 °C for 

additional 48 h. The volatiles of the resulting red suspension were removed under vacuum and 

the red solid was dried for 2 h under vacuum. The solid was transferred to a frit (G4 porosity) 

and washed with 3 × 12 mL toluene and 6 × 12 mL Et2O, whereupon the initially dark red filtrate 

became colourless. The resulting off-white solid was dried under vacuum at 80 °C for 16 h. 

Yield: 1.020 g (EV300); 1.047 g (GR300). A 1H NMR spectrum recorded after agitating the solid 

in CDCl3 and subsequent filtration showed no signals of residual Ind*H.  

 

Table S2: Results of the CHN analyses of SiO2-Si(Ind*)2.[a] 

silica w-%(C) w-%(H) w-%(N) α(Ind*) [mmol/g] β(Ind*) [mol/m2] 
EV300 11.84[b] 1.99[b] <0.1 0.39 0.88 
GR300 9.79[b] 1.79[b] <0.1 0.33 1.05 

[a]: The mass concentration α(Ind*) was calculated via α(Ind*) = w-%(Ind*)/[100·M(C in Ind*)] with M(C in Ind*) = 

300.27 g/mol. The surface concentration β(Ind*) was calculated via β(Ind*) = α(Ind*)/aBET, where aBET is the surface 

area of the specific silica determined by BET analysis [aBET(EV300) = 450 m2/g, aBET(GR300) = 310 m2/g]. [b]: Median 

of three independent determinations. 

 

2.3 Synthesis of SiO2-Si(Ind*)2HfCl2 

600 mg of SiO2-Si(Ind*)2 (EV300 or GR300) were suspended in a mixture of 10 mL toluene / 

10 mL 1,4-dioxane and the suspension was sonicated for 5 minutes. The yellow suspension 

was cooled to 0 °C and 0.32 mL (0.80 mmol) of a 2.5 M solution of n-butyllithium in n-hexane 

was added to give a red suspension, which was slowly warmed to ambient temperature and 

stirred for 24 h. The solid was filtered off with a filter cannula, washed with 2 × 10 mL n-pentane 

and dried under vacuum for 1 h at ambient temperature. The off-white solid was suspended in 

10 mL THF and a solution of 372 mg (0.80 mmol) [HfCl4(THF)2] was added dropwise at −78 °C. 

The suspension was slowly warmed to ambient temperature and stirred for 16 h. Afterwards it 

was sonicated for 15 minutes. The volatiles were removed under vacuum and off-white solid 

was transferred to a frit with G4 porosity and washed with 2 × 5 mL THF, 2 × 5 mL Et2O and 2 

× 5 mL n-pentane. Drying under vacuum at 80 °C for 16 h yielded the pre-catalyst as an off-

white solid. Yield: 534 mg (EV300); 550 mg (GR300). A 1H NMR spectrum recorded after 



S6 
 

 

 

agitating the solid in CDCl3 and subsequent filtration showed no signals of any soluble 

impurities.  

 

Table S3: Results of the ICP-OES analyses of SiO2-Si(Ind*)2HfCl2.[a] 

silica w-%(Hf) α(Hf) [mmol/g] β(Hf) [mol/m2] 
EV300 6.09[b] 0.34 0.76 
GR300 6.09[b] 0.34 0.76 

[a]: The mass concentration α(Hf) was calculated via α(Hf) = w-%(Hf)/[100·M(Hf)] with M(Hf) = 178.49 g/mol. The 

surface concentration β(Hf) was calculated via β(Hf) = α(Hf)/aBET, where aBET is the surface area of the specific 

silica determined by BET analysis [aBET(EV300) = 450 m2/g, aBET(GR300) = 310 m2/g]. [b]: Median of two independent 

determinations. 

 

Table S4: Results of the CHN analyses of SiO2-Si(Ind*)2HfCl2.[a] 

silica w-%(C) w-%(H) w-%(N) α(Ind*) [mmol/g] β(Ind*) [mol/m2] 
EV300 11.25[b] 1.63[b] <0.1 0.37 0.83 
GR300 8.12[b] 1.52[b] <0.1 0.27 0.87 

[a]: The mass concentration α(Ind*) was calculated via α(Ind*) = w-%(Ind*)/[100·M(C in Ind*)] with M(C in Ind*) = 

300.27 g/mol. The surface concentration β(Ind*) was calculated via β(Ind*) = α(Ind*)/aBET, where aBET is the surface 

area of the specific silica determined by BET analysis [aBET(EV300) = 450 m2/g, aBET(GR300) = 310 m2/g]. [b]: Median 

of two independent determinations. 

 

  
  

Figure S1. SEM images of the supported pre-catalyst SiO2-Si(Ind*)2HfCl2 prepared with EV300 

(left) and GR300 (right). 
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3. X-ray photoelectron spectroscopy (XPS) studies 

 

X-ray photoelectron spectra were recorded on a Leybold-Heraeus LHS 10 spectrometer using 

a non-monochromatized Mg Kα source (1253.6 eV). The powder samples were pressed into 

cavities and measured as pellets. Sample preparation and transfer into the XPS spectrometer 

were carried out under argon atmosphere. All spectra were recorded in an ultra-high vacuum 

chamber at a pressure below 5×10-8 mbar. The analyzer was operated at a constant pass 

energy of 100 eV leading to an energy resolution with a full width at half-maximum (fwhm) of 

~1.1 eV. The energy scale of the spectra was corrected for sample charging by using the Si 

2p signal at 103.3 eV. The intensity of all spectra was scaled to the total peak area of Si 2p. 

Core level spectra were deconvoluted by using Voigt functions and linear background 

subtraction. 

 

 

Figure S2. Hf 4d/Cl 2p, C 1s, Si 2p and Hf 4f photoemission spectra obtained from SiO2, SiO2-

SiCl2 and SiO2-Si(Ind*)2HfCl2. All spectra have been scaled to the Si 2p peak area originating 

from the support so that peak intensities reflect the amount of surface atoms.  
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4. Polymerization of propene 

 

The polymerizations were carried out in a stain-less steel jacketed high-pressure reactor 

(100 mL total volume), which was equipped with a gas inlet, a gas burette and a mechanical 

stirrer. The polymerization temperature was adjusted by means of a cryostate. Before the 

reactor was charged, it was stirred with a solution of 50 mL toluene containing 0.2 mL of a 

1.1 M solution of triisobutylaluminium (TIBA) in toluene at 60 °C for 1 h for inertization; the 

cleaning solution was drained from the reactor before the polymerization. 

The supported pre-catalyst (50 mg) was suspended in toluene (10 mL) and 0.2 mL (0.5 mL) of 

a 1.1 M TIBA solution in toluene were added. The suspension was stirred for 1 h at 60 °C. 

After cooling to ambient temperature, the suspension containing the activated pre-catalyst was 

transferred into the reactor with a cannula. Subsequently, a solution of 30 mL containing 

0.3 mL of a 1.1 M TIBA solution in toluene was added to the reactor. The gas burette was 

charged with a solution of CPh3[B(C6F5)4] (20 mg, 21.7 mmol) in 10 mL of toluene. The reactor 

was pressurized with propene for 15 minutes. Afterwards, the initiator solution of 

CPh3[B(C6F5)4] was added via the gas burette and the polymerization was carried out under a 

constant propene feed. The reaction was stopped by the releasing the propene and adding 

1 mL of acidified methanol to the reactor. The reaction mixture was poured into 200 mL of 

acidified methanol (containing ca. 0.1 mL of 37 % HCl solution) and the precipitate was 

collected and washed extensively with methanol. The colourless solid was dried for 24 h under 

vacuum. The reaction conditions and the crude yields of the isolated materials are given in 

Table S5. SEM images of the crude materials of runs 4 and 5 are shown in Figure S3. The 

extraction of the crude materials isolated in run 6 and 7 (Table S5) was attempted by extraction 

with 1,2,4-trichlorbenzene (TCB) at 160 °C and by Soxhlet extraction with boiling TCB under 

static vacuum. In both cases only minor quantities (<5 mg) of polymer were recovered. The 

GPC results are reported for the material isolated in run 6. 

 

Table S5. Propene polymerization conditions and isolated crude yields (total solid weights). 

run Silica 
m(pre-catalyst) 

[mg] 
pressure 

[bar] 
temperature 

[°C] 
time 
[h] 

crude yield 
[mg] 

1 EV300 50 4 25 1 63 
2 EV300 50 7 40 5 60 
3 EV300 50[a] 6 40 4 64 
4 EV300 50 6 40 2 59 
5 GR300 50 6 40 2 63 
6 EV300 250[b] 6 40 2 253 
7 GR300 400[c] 6 40 2 401 

[a]: Pre-catalyst activated with TIBA in toluene at 60 °C for16 h instead of 1 h. [b]: Activated in toluene with 0.5 mL 

of 1.1 M TIBA solution in toluene; 30 mg (32.5 mmol) of CPh3[B(C6F)4] used in this run. [c]: Activated in toluene with 

0.6 mL of 1.1 M TIBA solution in toluene; 35 mg (37.9 mmol) of CPh3[B(C6F)4] used in this run. 
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Figure S3. SEM images after polymerization of propene with the supported pre-catalyst SiO2-

Si(Ind*)2HfCl2 prepared with EV300 (left) and GR300 (right). 
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