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Transmission spectra to monitor the reaction progress
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Fig. 1 Transmission spectra taken during ethyl pyruvate hydrogenation in “supercritical” ethane at 40°C, 95 bar and a molar ratio EP:H2:ethane of 1:5:200. The spectra were taken at increasing reaction time (indicated by the arrows). The reference spectrum was taken with nitrogen. Measurement times after reaction start were (in min): 3, 9, 14, 23, 31, 42, 71, 110.
Figure 1 shows examples of transmission IR spectra taken during ethyl pyruvate (EP) hydrogenation in the in situ cell. Note the decreasing intensity of the band at 1302 cm–1 due to EP and the increasing intensity of the vibrations at 1221 and 1262 cm–1 originating from ethyl lactate.

Model calculations for the band assignments

The vibrational modes of cis/trans-ethyl pyruvate and cis/trans-ethyl lactate were assigned based on comparisons with model calculations. The geometry optimization and harmonic frequency calculations were carried out at B3PW91/cc-pVTZ level of theory [1-3] using GAUSSIAN 98 [4].
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Model calculations for EP adsorption on Pt clusters

Cluster calculation for the determination of adsorption energies of cis and trans methyl pyruvate were performad using the Amsterdam Density Functional (ADF) program package [1]. A metal cluster of 19 platinum atoms was used. For all second row elements a 1s frozen core was used, while for platinum the core was frozen up to 4f. The core was modeled using relativistic pseudopotentials created with a fully relativistic Hamiltonian, and DFT X-alpha approximation. The main calculations were performed using a relativistic scalar approximation (mass-velocity and Darwin corrections) with Zero Order Regular Approximation (ZORA) method[2]. The basis set for ZORA formalism requires steep core-like  functions, implemented in the program. Within this basis set double-zeta  basis functions were used for platinum and double-zeta plus polarization functions were used for second row elements. The local part of the exchange and correlation functional was modeled using Vosko, Wilk,  Nuisar parametrization of the electron gas [3]. The non local part of the functional was modeled using the Becke correction for the exchange [4]  and the Perdew correction for the correlation [5]. Adsorption energies were calculated as follows:  Ads-En = En(Cluster+Adsorbate) - En(Cluster) - En(FreeMolecule). The cluster was spin optimized in order to find the spin state with lowest energy. Calculations were run unrestricted, using a fixed pt-pt distance of 2.775 Angstrom (bulk metal) [6]. Three central atoms of the  platinum cluster were set free to optimize together with the adsorbed  molecule in order to partially simulate surface reconstruction.

The calculations and their results are described in ref. [7], which is available from the authors on request.
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