Supporting Information for: Enhancement of
Formic Acid Production from Carbon Dioxide
Hydrogenation Using Metal-Organic Frameworks:

Monte Carlo Simulation Study

Dominika O. Wasik,"* Ana Martin-Calvo,¥ Juan José Gutiérrez-Sevillano,’

David Dubbeldam,® Thijs J. H. Vlugt,H and Sofia Calero™*

T Materials Simulation and Modelling, Department of Applied Physics, Findhoven
Unwversity of Technology, 5600MB FEindhoven, The Netherlands
I Eindhoven Institute for Renewable Energy Systems, Eindhoven University of Technology,
PO Box 513, Findhoven 5600 MB, The Netherlands
Y Department of Physical, Chemical, and Natural Systems, Universidad Pablo de Olavide,
Ctra. Utrera km. 1, 41013 Seville, Spain
§ Van’t Hoff Institute for Molecular Sciences, University of Amsterdam, 1098XH
Amsterdam, The Netherlands
| Engineering Thermodynamics, Process & Energy Department, Faculty of Mechanical,
Maritime and Materials Engineering, Delft University of Technology, Leeghwaterstraat 39,
Delft 2628CB, The Netherlands

E-mail: s.calero@tue.nl

S1



Information about the ideal-gas partition functions of CO,, Hy, and HCOOH at 298.15

- 800 K;

The validation of ideal-gas partition functions - the equilibrium composition of syngas
obtained by cofeeding HCOOH to the steam reforming of methane reaction at 1 bar,
H,O:CHy = 1 and HCOOH:H,0O = 0.5;

Geometries for the CO,, Hy, and HCOOH models;

Cell parameters for UiO-66, Cu-BTC, and IRMOF-1;

Mole fractions of CO,, H,, and HCOOH obtained from Continuous Fractional Com-
ponent Monte Carlo simulations in the Reaction Ensemble at 298.15 - 800 K, and 1 -

60 bar;

Fugacity coefficients of CO,, Hp, and HCOOH computed using the Peng-Robinson

equation of state at 298.15 - 800 K, and 1 - 60 bar;

Mole fractions of CO,, H,, and HCOOH obtained from grand-canonical Monte Carlo

simulations at 298.15 - 800 K, and 1 - 60 bar;

Enthalpy of adsorption at infinite dilution of CO,, H,, and HCOOH in Cu-BTC, and
IRMOF-1;

Radial distribution functions for HCOOH and metal centers in UiO-66, Cu-BTC, and
IRMOF-1.
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Table S1: Ideal-gas partition functions for CO,, H, and HCOOH at 298.15 - 800 K. The
values were calculated based on the vibrational and rotational experimental data from the
NIST database®. A; is the thermal wavelength. For the details about the computation of
ideal gas partition functions, the reader is referred to the book by McQuarrie et al.®.

CO, H, HCOOH
7/[K] In(s=2) In(s=>) In(s=>)

298.15 655.94 175.86  825.14
350 560.90 150.44  705.67
400 492.66 132.22  619.89
500 397.26  106.79  500.00
600 333.81  89.92 420.29
700 288.60  77.93 363.52
800 254.78  68.99 321.08
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