Accepted Manuscript

COMPUTATIONAL

Molecular Models of Site-Isolated Cobalt, Rhodium, and Iridium Catalysts & THEORETICAL
CHEMISTRY

Supported on Zeolites: Ligand Bond Dissociation Energies

Mingyang Chen, Pedro Serna, Jing Lu, Bruce C. Gates, David A. Dixon

PIL: S$2210-271X(15)00362-X

DOI: http://dx.doi.org/10.1016/j.comptc.2015.09.004
Reference: COMPTC 1926

To appear in: Computational & Theoretical Chemistry
Received Date: 7 August 2015

Revised Date: 3 September 2015

Accepted Date: 3 September 2015

Please cite this article as: M. Chen, P. Serna, J. Lu, B.C. Gates, D.A. Dixon, Molecular Models of Site-Isolated
Cobalt, Rhodium, and Iridium Catalysts Supported on Zeolites: Ligand Bond Dissociation Energies, Computational
& Theoretical Chemistry (2015), doi: http://dx.doi.org/10.1016/j.comptc.2015.09.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.comptc.2015.09.004
http://dx.doi.org/http://dx.doi.org/10.1016/j.comptc.2015.09.004

Molecular Models of Site-Isolated Cobalt, Rhodium, and Iridium
Catalysts Supported on Zeolites: Ligand Bond Dissociation Energies

Mingyang Chen,*’ Pedro Serna,’ Jing Lu,“ Bruce C. Gates,  and David A. Dixon a,*

* Department of Chemistry, The University of Alabama, Shelby Hall, Box 87036, Tuscaloosa, Alabama “35487-
0336, United States

® National Center for Computational Sciences, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 37831, USA
¢ Department of Chemical Engineering and Materials Science, University of California, Davis, One Shields Ave,
Davis, CA, 95616, United States

Abstract

The chemistry of zeolite-supported site-isolated cobalt, rhodium, and iridium complexes that are
essentially molecular was investigated with density functional theory (DFT) and the results
compared with experimentally determined spectra characterizing rhodium and iridium species
formed by the reactions of Rh(C;Hy),(acac) and Ir(C;Hy)2(acac) (acac = acetylacetonate) with
acidic zeolites such as dealuminated HY zeolite. The experimental results characterize ligand
exchange reactions and catalytic reactions of adsorbed ligands, including olefin hydrogenation
and dimerization. Two molecular models were used to characterize various binding sites of the
metal complexes in the zeolites, and the agreement between experimental and calculated infrared
frequencies and metal-ligand distances determined by extended X-ray absorption fine structure
spectroscopy was generally very good. The calculated structures and energies indicate a metal—
support-oxygen (M(I)-O) coordination number of two for most of the supported complexes and
a value of three when the ligands include the radicals C,Hs or H. The results characterizing
various isomers of the supported metal complexes incorporating hydrocarbon ligands indicate
that some carbene and carbyne ligands could form. Ligand bond dissociation energies (LDEs)
are reported to explain the observed reactivity trends. The experimental observations of a
stronger M—CO bond than M—(C,H4) bond for both Ir and Rh match the calculated LDEs, which
show that the single-ligand LDEs of the mono and dual-ligand complexes for CO are ~12 and
~15 kcal/mol higher in energy (when the metal is Rh) and ~17 and ~20 kcal/mol higher (when
the metal is Ir) than the single-ligand LDEs of the mono and dual ligand complexes for C,Hs,
respectively. The results provide a foundation for the prediction of the catalytic properties of
numerous supported metal complexes, as summarized in detail here.
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