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Experimental

10.1 Listing of used chemical products

The used chemical products are mentioned hereafter in alphabetic order and with the precision of their provenance and purity. The solvents have been used immediately after distillation.

· 2-aminobutanol

· Argon (Argon U, Air liquide )

· 1,3-Butadiene 

· Carbon monoxide (Air liquide)

· Chiral oxazolines : Collaboration G. Muller, University de Barcelona

· Cyclohexane (99 %, Aldrich)

· 1,5-Cyclooctadiene (99 %, Aldrich) : purified by filtration through an alumina column

· Cyclooctane (99 %, Aldrich)

· Dodecanol-1 (99 %, Aldrich)

· Dodecanethiol (99 %, Aldrich)

· Dihydrogen (99 %, Air liquide)

· Ethanol (99.5 %, SDS)

· Heptanol (99 %, SDS) : dried over Magnesium sulphate (Fluka) and distilled over magnesium (Aldrich) which was previously activated with iodine (Rectapur)

· Hexadecylamine (99 %, Fluka)

· Methanol (99 %, SDS) : dried over Magnesium sulphate (Fluka)and distilled over magnesium (Aldrich) which was previously activated with iodine (Rectapur)

· Octanethiol-1 (97 %, Aldrich)

· Octylamine-1 (98 %, Aldrich)

· Oleylalcohol (98 %, Aldrich)

· Membrane Al2O3 (Collaboration G. Schmid, UHG Essen)

· Pentane (99 %, SDS) : distilled over CaH2
· Pentanol (99 %, Fluka) : dried over Magnesium sulphate (Fluka) and distilled over magnesium (Aldrich) which was previously activated with iodine (Rectapur)

· Propanol-1 (99 %, Aldrich) : dried over sodium carbonate (Rectapur), distilled over sodium (Merck)

· Propanol-2 (99,5 %, Riedel de Haen) : dried over sodium carbonate (Rectapur), distilled over sodium (Merck) 

· RuCl3, 3 H2O (43,5 % Ru, Janssen)

· Silica mesoporous, (Collaboration Y. Guari, LCMOS-UM II, Montpellier)

· Tetrahydrofurane (99,5 %, SDS) : distilled over a mixture sodium (Merck) / benzophenone (Aldrich)

· Toluene (99 %, SDS), distilled over a mixture sodium (Merck) / benzophenone (Aldrich)

· Zinc (95 %, Merck)

All operations were carried out using standard Schlenk tube or Fischer-Porter bottle techniques under argon. All reagents were purchased from Aldrich, Merck or Janssen and most of the solvents from SDS, except pentanol and propanol-2 which were purchased from Fluka and Riedel de Haen, respectively. The solvents were distilled in nitrogen atmosphere just before use. THF was heated under reflux over sodium benzophenone, pentane over calcium hydride, methanol over magnesium after activation on iodine. The other alcohols (propanol-1, propanol-2 and pentanol) were dehydrated over magnesium sulphate before heating over magnesium after activation on iodine. All reagents and solvents were degassed under vacuum at the liquid nitrogen temperature by 3 vacuum/argon cycles.

10.2 Synthesis of Ru(COD)(COT)

Ruthenium-1,5-cyclooctadiene-1,3,5-cyclooctatriene was prepared according to a published procedure from RuCl3·3H2O.
,
  In a 250 mL flask 3g (11,5 mmol) of RuCl3·3H2O were dissolved in 30 ml methanol. 60 ml (490 mmol) of cyclooctadiene, previously purified by passing through an alumina column (10 cm), were added to the mixture. Finally, 5 g zinc were inserted and the mixture was heated under reflux at 90 °C for 3 hours. After complete cooling down, the mixture was decanted and the solution filtered from the precipitate which was washed three times with 20 ml of toluene. The solvent was evaporated until a dry product was obtained. The solid was extracted with pentane and filtered by an alumina column. The obtained yellow solution is concentrated to 10 mL and stored over night at –30 °C. Yellow crystals are obtained. It was purified by recrystallisation in pentane and the resulting highly sensitive yellow crystals were stored under argon at –30°C. Their purity was checked by elemental analysis and 1H NMR spectroscopy. RuCl3·3H2O was purchased from Janssen. 

Yield: 70 %


Microanalysis :
theoretical : C 61 %, H 7 %, Ru 32 %




experimental : C 60,4 %, H 6,4 %, Ru 28 %

10.3 TEM analysis

Specimen for TEM analysis were prepared by slow evaporation of a drop of the colloidal solutions deposited under argon onto holey carbon-covered copper grids. The TEM experiments were performed at the “Service Commun de Microscopie Electronique de l’Université Paul Sabatier” on a JEOL 200 CX-T electron microscope operating at 200kV or a Philips CM12 electron microscope operating at 120kV with respective point resolution of 4.5 and 5 Å. HREM observations were carried out with a JEOL JEM 2010 electron microscope working at 200 kV with a resolution point of 2.5 Å. The transmission electron microscopy was used as a standard tool of analysis to determine the mean size of the ruthenium particles. The size distributions were assembled through a manual analysis of enlarged micrographs by measuring at least 100 particles on a given grid in order to obtain a statistically size distribution and a mean diameter.

Preparation of the membrane samples for TEM analysis was realised by embedding of the membrane in Araldite CY 212 resin before sectioning by an Ultra Cut Microtom (Leica). The thickness of the samples varied from 50 to 100 nm. TEM images were obtained by using a Philips FEG-CM 200 instrument working at 200 kV accelerating voltage.

10.4 AFM measurements

AFM measurements have been effectuated in the Centre of Molecular and Macromolecular Studies, Polish Academy of Science in Lodz. 

10.5 Microanalysis

Elemental analyses were performed at the “Services d’Analyses du CNRS” in the LCC for carbon, nitrogen, oxygen and hydrogen determinations and in Lyon for ruthenium determination and at the University of Essen.

10.6 X-ray powder diffraction (XRD analysis)

Data collection for XRD analysis was performed on small amounts of powder (obtained after drying) at ENSIACET at Toulouse University. XRD profiles of the particles were measured with Seifert XRD 3000 TT X-ray diffractometer with CuK( radiation. The XRD diagram reveals the hcp structure of the ruthenium particles and their approximate size using the Scherrer equation.

10.7 WAXS analysis

The data collection for the wide-angle X-ray scattering was performed on small amounts of powder at the CEMES/CNRS, Toulouse. The powder was obtained after drying, sealed in 1.5-mm-diam Lindemann glass capillaries after filling in a glove-box. The measurements of the x-ray intensity scattered by the samples irradiated with graphite-mono chromatised molybdenum K (0.071069 nm) radiation were performed using a dedicated two-axis diffractometer. Time for data collection was typically 20 hours for a set of 457 measurements collected at room temperature in the range 0(< <65( for equidistant s values (s=4(sin (/)†). The data were reduced in order to extract the structure-related component of WAXS, the so-called reduced intensity function, normalized to a number of atoms corresponding to the size of the particle, and Fourier transformed to allow for radial distribution function (RDF) analysis, using 
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where F(r) is actually a reduced RDF whose maximum for a given r value indicates that at least two atoms in an elementary volume are separated by the distance r. Analysis of the experimental data provided an approximate measurement of the metal-metal bond length and of the order extent inside the particles. To further investigate the structure, different models were defined in order to compute theoretical functions for intensity and radial distribution via the Debye formula:
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where N is the total number of atoms in the model, fi the atomic scattering factor for atom i, rij the distance between atoms i and j and bij a dispersion factor affecting the i-j interaction). Best values for the parameters defining the models were estimated from the agreement reached between experimental and computed RDF, both normalized to one atom, but also between the related reduced intensity functions.

10.8 IR analysis

Infra red analysis have been performed on a Perkin Elmer Spectrometer GX (FT-IR System).

10.9 NMR experiments

The solution NMR experiments have been performed on a Bruker (250 MHz or 400 MHz) spectrometer. 

Solid state and gas phase NMR has been realised at the Free University of Berlin in Germany. The solid state NMR experiments are performed on a Pulse-Fourier-NMR spectrometers: a Varian Infinity Plus operating at a field of 14.09 T (599.97 MHz for 1H). The spectrometer uses an Oxford wide bore (89 mm) super conducting magnets. On the spectrometer, Chemagnetics probes are used: a 5 mm HXY probe of T3 type. The powdered samples are glass sealed in an insert placed in the centre of zirconium oxide rotors with end caps usually made of Teflon. Magic angle adjustment is performed either with the 79Br FID of potassium bromide or with the 2H FID of deuterated polystyrene.

The gas phase spectra were acquired on a Bruker AMX500 spectrometer with a field of 11.75 Tesla and resonance frequencies of 500.13 MHz for 1H and 76.66 for 2H. The samples were glass sealed in 5 mm NMR tubes.

The calculated spectra have been simulated with ACD HNMR Predictor und CNMR Predictor of the Advanced Chemistry Development Inc.

10.10 Synthesis of ruthenium nanoparticles from Ru(COD)(COT)

10.10.1 General Synthesis of ruthenium particles in a pure solvent

The decomposition reaction of Ru(COD)(COT) (20 mg; 63.5 mmol) dissolved under argon in 20 mL of the chosen solvents was carried out at room temperature under 3 bar H2 in a closed pressure bottle with vigorous magnetic stirring for 45 min. When THF, cyclooctane or pentane were used as solvents the initial yellow solution darkened immediately and a black solid precipitated. When the reaction was performed in a pure alcohol, the initial yellow solution darkened in a few minutes to become brown and remained unchanged and stable under argon atmosphere for at least several days. Addition of pentane or cyclooctane then gave a black precipitate made up of particles. 

10.10.2 General Synthesis of ruthenium particles in a solvent mixture composition

Ru(COD)(COT) (20 mg; 63.5 mmol) was dissolved under argon in a total volume of 20 mL of a MeOH/THF mixture in a closed pressure bottle. Different MeOH/THF mixtures in which the volume ratio MeOH/THF was comprised between 2.5/97.5 to 90/10 were tested. After pressurization at room temperature under 3 bar of H2, the initial yellow solution turned dark brown in a few minutes. The vigorous magnetic stirring and the H2 pressure were maintained for 45 minutes. After that period of time, the hydrogen pressure was eliminated, and a drop of each colloidal solution was deposited under argon on a holey carbon-covered copper grid for microscopy analysis. The different products could then be isolated by evaporation to dryness, or precipitation by addition of cyclooctane or cyclohexane, filtration and drying under vacuum.

10.10.3 General Synthesis of ruthenium particles with thiols and amines as stabilising agents

150 mg (0.476 mmol) of Ru(COD)(COT) were introduced in a Fischer-Porter bottle and left in vacuum during 30 minutes. 125 ml of THF degassed by freeze-pump cycles were then added. The resulting yellow solution was cooled at 193K after which a solution of the chosen quantity of ligand in 25ml THF was introduced in the flask. The bottle was pressurized under 3 bar dihydrogen and the solution allowed to warm slowly to room temperature. After 20 hours, an homogeneous brown solution is obtained. After elimination of excess dihydrogen, approx. 3 ml of the solution were passed under argon over a small alumina column. The absence of colour of the filtrate indicates the full decomposition of the precursor. The volume of the solution was then reduced to approx. 15ml, 50 ml pentane were added and the resulting mixture cooled to 193K at which temperature a brown precipitate formed. It was filtered, washed with pentane and dried in vacuum. 

10.11 Synthesis of ruthenium particles with aminoalcohol and oxazoline ligands

Ruthenium colloids were prepared following a procedure similar to that previously described in 10.10.3 but using asymmetric ligands as stabilisers. In a typical experiment Ru(COD)(COT) is dissolved in a Fischer-Porter bottle at 193 K in a THF solution containing 0.2 eq of the appropriate ligand L* (1-11). The used ligands have previously been prepared in the Department of Inorganic Chemistry, Barcelona in the group of G. Muller. The resulting yellow solution is then exposed to a dihydrogen atmosphere (3 bar), allowed to warm to room temperature and left to react for 24 hours under vigorous stirring. The colloids obtained in this way are purified by precipitation upon addition of pentane, filtration and drying in vacuum. The particles were isolated as dark brown powders and dissolved in THF or isopropanol. In all cases, the particles were found to be stable with time and did not show any sign of decomposition. These new colloids were characterized by IR spectroscopy, TEM (Transmission Electron Spectroscopy) and WAXS (Wide Angle X-Ray Scattering) analysis.

Listing of the used ligands

· (R)-(+)-2-aminobutanol

· (S)-2-amino-3-methyl-1-butanol (L-Valinol)

· 2-(4’R)-(4’-ethyl-3’,4’-dihydrooxazol-2’-yl)-aniline

· 2-(4’S)-(4’-isopropyl-3’,4’-dihydrooxazol-2’-yl)-aniline

· 2-(4’R)-(4’-ethyl-3’,4’-dihydrooxazol-2’-yl)-phenol

· 2-(4’S)-(4’-isopropyl-3’,4’-dihydrooxazol-2’-yl)-phenol

· 2-(3’S, 4’S)-(3’-phenyl-4’-hydroxymethyl-3’,4’-dihydrooxazol-2’-yl)-toluene

· 1,2-bis[(4’S)-(4’-isopropyl-3’,4’-dihydrooxazol-2’-yl)]ethane

· 1,4-bis[(4’R)-(4’-ethyl-3,4-dihydrooxazol-2’-yl)]butane

· 2,2’-bis[(4’S)-[4’-(2-methylthio)propyl-3’,3’-diphenyl-3’,4’-dihydrooxazol-2’-yl]]

· 1,2-bis[(4’S)-(4’isopropyl-3’,4’-dihydrooxazoly-2’-yl)]benzene

10.11.1.1 MoxNH2Et: (4R)-2-(4’-ethyl-3’,4’-dihydrooxazol-2’-yl)aniline 


IR (NaCl) (: 3472, 3293, 2962, 1639 (C=N), 1492, 1260, 1069, 756 cm-1.


1H RMN (250 MHz, CDCl3, 298 K) : 1.02 (pt, J = 7.2 Hz, 3H, 4’b), 1.65 (m, 2H, 4’a), 4.32 (m, 1H, 4’), 3.93 (pt, J = 8.5 Hz, 1H, 3’), 4.38 (pt, J = 9.4 Hz, 1H, 3’), 6.12 (bs, 2H), 6.68 (ptd, J = 9.4 Hz, J = 1.2 Hz, 1H, CH), 6.69 (pdd, J = 9.8 Hz, J =1.0 Hz, 1H, CH), 7.21 (ptd, J = 9.8 Hz, J = 2.2 Hz, 1H, CH), 7.69 (pdd, J =9.7 Hz, J =2.0 Hz, 1H, CH) ppm.


13C RMN (50 MHz, CDCl3, 298 K) : 8.2 (4’b), 26.9 (4’a), 66.1 (4’), 69.4 (3’), 129.5 (C, Ph), 127.5 (C, Ph), 113.5 (C, Ph), 113.8 (C, Ph), 129.8 (C, Ph), 127,5 (C, Ph), 164.5 (C=N) ppm.

10.11.1.2 MoxNH2iPr: (4’S)-2-(4’-isopropyl-3’,4’-dihydrooxazol-2’-yl)aniline

IR (KBr) (: 3395 (N-H), 3261 (N-H), 1640 (C=N), 1255 (C-O) cm -1. 

1H NMR (CDCl3, 250 MHz; multiplicity, coupling constants in Hz, and relative integration in parentheses): 7.67 (pdd; 8.8, 1.6; 1H); 7.19 (pt; 7.4; 1H); 6.69 (m; 2H); 6.13 (bs; 2H); 4.32 (ppd; 8.6, 7; 1H); 4.11 (m; 1H); 4.00 (t; 7.3; 1H); 1.81 (m; 1H); 1.03 (d; 6.8; 3H); 0.93 (d; 6.8; 3H) ppm. 

13C NMR (CDCl3, 50 MHz): 163.4, 148.5, 131.8, 129.5, 115.9, 115.5, 109.1, 72.9, 68.7, 33.2, 19.1, 18.6 ppm. 

Microanalysis: C, 70.29; H, 8.02; N, 14.74. Calc. For C12H16N2O: C, 70.58; H, 7.84; N, 13.72 %. 

10.11.1.3 MoxOHEt: 2-[(4’S)-(4’-ethyl-3’,4’-dihidrooxazol-2’-il)]-phenol 


IR (NaCl) (: 3993 (OH), 3068, 2962, 1643 (C=N) cm-1.


1H RMN (200 MHz, CDCl3, 298 K) : 0.99 (t, J = 7.5 Hz, 3H, 4’b), 1.69 (m, 1H, 4’a), 1.66 (m, 1H, 4’a), 4.25 (m, 1H, 4’), 3.99 (pt, J = 7.8 Hz, 1H, 3’), 4.42 (dd, J = 9.5 Hz, J = 8.5 Hz, 1H, 3’), 6.99 (ptd, J = 8.0 Hz, J = 1 Hz, 1H, CH), 7.34 (ddd, J = 8.0 Hz, J =7.5 Hz, J =2.0 Hz, 1H, CH), 6.84 (ptd, J = 7.5 Hz, J = 1.5 Hz, 1H, CH), 7.63 (dd, J =8.0 Hz, J =2.0 Hz, 1H, CH), 12.3 (bs, 1H, OH) ppm.


13C RMN (50 MHz, CDCl3, 298 K) : 10.0 (4’b), 28.7 (4’a), 66.7 (4’), 71.4 (3’), 116.5 (C, Ph), 118.4 (C, Ph), 127.9 (C, Ph), 133.8 (C, Ph), 132.1 (C, Ph), 159,8 (C, Ph), 164.9 (C=N) ppm.
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10.11.1.4 Bisox(CH2)4Et:1,4-bis[(4’R)-(4’-etil-3’,4’-dihidrooxazol-2’-il)]butane 


IR (NaCl)((: 2966, 2932, 2878, 2874, 1666 (C=N), 1462, 1259, 803 cm-1.

10.12 Alumina membranes

The porous alumina membranes were prepared by anodic oxidation of plates of pure aluminium (99.999 % purity) which were used as the anode material. Several steps are necessary for the synthesis of the alumina membranes. The metal surface is first degreased and cleaned from old oxide residues by immersing in a solution of 12 g K2CrO7 in 250 mL 10% H3PO4 at 90 °C for 10 minutes. Afterwards, the metal plates are electrically polished for cleaning in a bath consisting of 1100 mL conc. H3PO4 and 700 mL conc. H2SO4. The polishing was achieved after 10 min at 90 °C. The voltage for the anodic oxidation that will be performed later will be chosen in function of the voltage applied during the electronic polishing.

In a third step, the porous alumina membrane was formed by an electrochemical process. For the galvanic anodic oxidation the aluminium is used as the anode, and it is anodised for 24 hours at 0 °C. Lead served as the cathode as shown in Figure 10‑1. 
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Figure 10‑1: Anodic oxidation of aluminium

The type of the electrolyte was selected in accordance with the desired pore size: the electrolyte solution used depends on the voltage of the anodization which influences the mean diameter of the resulting pores as shown in Table 10‑1.

Table 10‑1: Applied anodising voltages and the resulting pore sizes

	Anodising voltage / V
	Electrolyte
	Intensity / mA•cm-2
	Pore diameter / nm

	15
	10 % H2SO4
	0.2 – 1.7
	~ 21

	20
	10 % H2SO4
	0.2 – 1.7
	~ 28

	30
	5 % H2SO4
	1.7 – 6.5
	~ 42

	40
	4 % Oxalic acid
	3.1 – 5.2
	~ 56

	50
	2.5 % Oxalic acid
	1.5 – 3.5
	~ 70

	60
	1 % Oxalic acid
	1.6 – 3.5
	~ 84

	80
	0.5 % Oxalic acid
	1.4 – 4.8
	~ 112


Voltages of 15 – 80 V were applied at 0°C, depending on the required pore size. The reaction time depends on the film thickness needed. The membrane was removed by reduction of the voltage.
 The voltage reduction was achieved in 5 % steps down to 6 V and then in 0.3 V steps. The membrane was removed by dipping into a solution of 12.5 % H2SO4 and 3 % oxalic acid for 2.5 hours. The colourless membranes were purified beforehand by 3 vacuum/argon cycles before use.

10.13 Incorporation of Ru nanoparticles in the pores of alumina membranes

The filling of the membranes with particles was accomplished by three different methods. All operations were carried out using standard Schlenk tube or Fischer-Porter bottle techniques under argon. 

10.13.1 Filling by filtration

The first method consisted of using the membrane as a filter and passing the colloidal solution via the pores of the nanoporous material. The colour of the membrane obtained changed to a light brown.

10.13.2 Vacuum filling

For the second method (filling by vacuum induction), a colloidal solution was prepared under the conditions described in : Different MeOH/THF mixtures were used, in which the volume ratio MeOH/THF was comprised between 2.5/97.5 to 90/10. In a second step, the membrane was introduced in a chosen particle solution for impregnation during 24 hours without stirring at room temperature. After that time the solvent was evaporated under vacuum. The colour of the membranes changed from transparent to brown after the reaction.

10.13.3 Decomposition in situ
The third method (in situ decomposition) corresponds to the impregnation of the membrane with a concentrated solution of the Ru(COD)(COT) precursor (200 mg, in 5 mL MeOH/THF mixture) for at least 24h under argon. The in situ decomposition of this complex inside the vacuum dried membrane was then carried out at room temperature under 3 bar H2 in a closed pressure bottle for 45 min. The membrane then displayed a dark brown or even black colouring. All the samples resulting from the impregnation experiments were analysed by TEM after embedding in a resin matrix. Their Ru content was determined by microanalysis.

10.14 Preparation of Ruthenium-mesoporous material

The mesoporous material (150 mg of the solid) was previously degassed for 48 hours under vacuum at 180°C to eliminate all the oxygen in the pores. The solid was covered by a very concentrated solution of the precursor Ru(COD)(COT) (200 mg (0.634 mmol) in 10 mL THF, distilled and degassed). After stirring for 24 hours the solvent was partially evaporated (5 mL) and the mixture was pressurized for 24 hours with 3 bar dihydrogen at room temperature. At the end of the decomposition the solution was filtered and the solid dried under vacuum for 24 hours. For the impregnation with the precursor and the decomposition of the mesoporous material with a thiol function the temperature was lowered to ‑80°C to avoid a reaction between the Ru(COD)(COT) and the functional groups before the addition of H2.

The material was characterized by TEM, XRD and microanalysis.

The mesoporous silica materials have been synthesised in the LCMOS-UM II of the University of Montpellier in collaboration with the group of R. Corriu.

· SBA-15




(70 Å)

· HS(CH2)3SiO1.5/9SiO2


(45 Å)

· HO2C(CH2)3SiO1.5/9SiO2


(72 Å)

· H2N(CH2)3SiO1.5/9SiO2


(60 Å)

· (CH3CH2O)2P(=O)(CH2)3SiO1.5/9SiO2
(52 Å)

10.15 Catalysis

10.15.1 Reaction conditions of the asymmetric hydrogen transfer from isopropanol with chiral amino alcohols and oxazoline ligands stabilised Ru nanoparticles

This catalytic tests have been performed in the group of G. Muller in the Department of Inorganic Chemistry at the University of Barcelona in Spain.

0.12 mmol acetophenone (2 ml of dissolution 0.06 M in isopropanol) and 0.024 mmol tBuOK (2 ml of dissolution 0.012 M in isopropanol) were mixed with 6·10-3 mmol of Ru catalyst. The conversion of substrate was determined by GC and the enantiomeric excess was determined by GC using a chiral column. For the catalytic system 6·10-3 mmol Ru (based on starting [Ru(COD)(COT)] complex) were added to 1.5·10-3 mmol of free oxazoline ligand. 

10.15.2 Hydrogenation of 1,3-butadiene

This part of the work has been carried out in the Department of Inorganic Chemistry at the University of Essen under the direction of Professor G. Schmid.

Catalytic tests of butadiene hydrogenation have been carried out in a special reactor made of Duran glassware. The reactor was flushed beforehand with N2. Blank tests consisting of the use of the empty reactor, and the use of two different pore sizes and no impregnated membranes were made. The starting materials were mixed before they were pumped to the reactor with a membrane pump N010ST.16E (KNF Neuberger). The velocity was controlled by a gas flow meter from Bailey/Fischer/Porter. The temperature was checked by a heating system from Horst Laborgeräte GmbH. The membrane was fixed on a special holder and the gas mixture was pumped through. The obtained products were constantly extracted with a gas-proof syringe and analysed by gas chromatography on a Shimadzu GC – 8A chromatograph equipped with a Sebaconnitril / Oxidipropionacid column. The analyses have been performed at 40 °C under nitrogen as gas vector. The reaction temperature was held constantly at 25 °C by a thermo element from Rössel Messtechnik. The gas flow rate amounted 160 mL per minute. 
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Figure 10‑2: Scheme of the used reactor for catalysis with Ru particles in Al2O3 membranes

Before the reaction the whole reactor was flushed with N2, used as an inert gas. The starting materials were mixed in the burette in the required quantities and they were introduced into the reactor by opening valves H 3, H 4 and H 8. The membrane was fixed in the reactor as shown in Figure 10‑3.
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Figure 10‑3: Scheme of the anchoring of the membrane in the reactor

10.15.3 CO Oxidation

For the CO Oxidation the same procedure was applied as for the 1,3-butadiene hydrogenation (see 10.15.2). The flow rate was 160 mL per minute and the reaction temperature was constant at 170 °C.
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