Unusual Bonding in Platinum Carbido Clusters
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Supporting Information

Basin Hopping Algorithm

Recent developments in computing power and the efficiencyleatrenic structure codes have
lead a number of groups to develop global optimization mastwhich directly explore the energy
landscape described by electronic structure methddather than using a prescreening with an
empirical potential. We will not try to provide a comprehimasreview of these developments
here, but give some details of the choices we made in extgrisin hopping (BH) to use DFT
calculations for the local optimization and energy evatraat each Monte Carlo step. Our basin

hopping program is written in Fortran 90 and interfaces taRBAOMOLE using the TMOLE
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script, versions are also available which work with TURBOMGLEEFINE program or with
Gaussian, and extension to other electronic structurescsiiguld be reasonably straight forward.
Code can be obtained from DJH (email: daniel.harding@mpibpg.de).

The greatest difference between BH with a model potentiallft-BH is the computational
cost of the local optimization. A second, related, factathis sensitivity of the electronic wave-
function self consistent field (SCF) convergence to the elugtometry. This typically manifests
itself in problems with the first step of the geometry optiatian if any of the atoms are too close
together. The solution to both of these problems is to chieakthe interatomic distances in the
new candidate structure are reasonable, neither to clage far, which we also use to prevent the

cluster from fragmenting.
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Figure 1. Flow chart showing the most important steps in tR@-BH routine.

Figure 1 shows a flow chart of the most important part of the BHFTroutine. We start a BH
run with a seed geometry rather than a completely randomtate) the geometry is then written
to an input file for TURBOMOLE, where the functional, basis setl @onvergence criteria are
specified. All of the options available in TURBOMOLE can, inmriple, be used, allowing mixed

clusters or ions to be investigated. In order to increasatimber of MC steps we typically use
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relatively small basis sets with effective core potentaisl reduce the SCF convergence criteria
to 10~4 compared to the default 16. We found it less fruitful to lower the convergence threshol
for the geometry optimization and typically use the defaattings.

Following the DFT calculation the optimized coordinatesl @mergy are extracted from the
output files of the electronic structure program, and a $esisio made to ensure that the calculation
has converged. If the calculation has not converged, etheng an SCF step or the geometry
optimization, a new input geometry is generated and theropdtion restarted. The energy of the
new, converged structure is compared to that of the curedatence structure using the standard
Metropolis criteria® Given the relatively high cost of the DFT calculations and imterest in
exploring the full range of low energy isomers we save alheftonverged structures to allow an
off line analysis.

A new candidate structure is then generated, using eitheglesttom move, where one atom is
moved around the cluster, or a ’jiggle’, where all of the asamthe cluster are moved. We use the
significant structures variant of BH, where the current eiee structure is perturbed to generate
the new candidate structure. The interatomic distanceleotandidate are then checked and, if
they fall within the preset criteria, the structure is usedtart a new DFT optimization, otherwise
another candidate is generated. It is sometimes necessgoydround this loop a relatively large
number of times, but the computational cost is insignificaompared to the time savings made by
the increased success of the DFT optimizations.

The number of MC steps used varies depending on the systerhefemall P{CT clusters
only a few hundred steps were used, but for larger systems#mals of steps are possible at

reasonable computational cost.

Pt,C™*

Figure 2 shows the experimental and calculated spectra6fPiWe were only able to measure
a high quality spectrum in a limited, low frequency, rangee Wearly observed a strong band

at 276 cnt! and possibly a weak band at 1110 tn The primary cause of the low signal-to-
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Figure 2: Experimental spectrum of argon taggestCPtand calculated spectra of low-energy
isomers. The blue line shows the spectrum of isoAewith two argon atoms included explicitly
in the calculation.



noise ratio appears to be the low intensity of this specigbencluster distribution, which was
optimized for the larger sizes. A second potential comgiicamay be a low density of vibrational
states at higher energy in this small cluster, leading tatixely slow intramolecular vibrational
redistribution (IVR) following IR excitation of the high fgeiency mode around 1100-1200 thn
Slow IVR may make it more difficult for the cluster to absorle tmultiple photons necessary to
drive dissociation, in turn leading to a smaller appareassisection. The calculated spectrum of
the linear isomeRA is a reasonable match to the band position in the experiingmatrum and

if the argon atoms are included explicitly the position of tbw frequency band is matched very
well. The other isomers do not match the experiment so wetjgesting the linear structure is

present in the experiment.

Cartesian coordinates

The Cartesian coordinates of the structures discussed articke are available in a plain text file

PtCarbides.xyz.
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