Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner SO&'E&'T?S UZS?NlGlTHE RSC LaTeX PCCP ARTICLE TEMPLATE — SEE www.rsc.org/electronicfiles FOR DETAILS
ARTICLETYPE WWW. ISC.org/xoaxaxx | XXXXXXXX

’H NMR calculations on polynuclear transition metal complexes: on
the influence of local symmetry and other factors. Eelectroit Sup-
porting Information

Iker del Rosal 2 Torsten Gutman P Bernadeta Walaszelke lann C. Gerber,2 Bruno Chaudret,® Hans-
Heinrich Limbach, ¢ Gerd Buntkowsky,? and Romuald Poteau*2

DOI: 10.1039/b000000x

Cq are related to the experimental quadrupolar splitting
valueAvg®, which, at low temperatures where no significant
motional processes on the NMR time scale occur, is directly

Computational details related to the EFG eigenvalifgs by

In nuclei like deuterium the nuclear quadrupole momentinte 3 3eQ

act with the electric field gradient (EFG) arisen at thesessit Avg = 4Co= 4 Ves (5)
This interaction is described by the quadrupolar coupliomy-c
stantCq and the asymmetry parametgs. In principle these
parameters can be obtained by quantum mechanical DFT cal- 3

culationg~*which allow the determination of the electric field Avq = 7 x 672xV33="504x V3 (6)
tens%r\7. A given matrix element is calculated by the for-
mula’:

In the case of deuterium atoms, equation 5 simply writes:

All molecular DFT calculations were performed with
Gaussian03. The [Ru] as well as the HRu,(CO),5 and
AE(r) 1 AE(r) [HRu,(CO), ¢ cluster geometries considered in the present
= or — 34 Tore 1 work are taken from a previous studyGeometries had been
fully optimized in gas phase without symmetry constraints,
wherei, j, k stands foi,y,zandE(r) is thek™ component employing the PBEO functionfland a polarized double-zeta
of the electric field at position. quality basis set. In order to be consistent with that sttiuy,
Co (eq. 2) andng (eq. 3) are calculated from the EFG most stable geometry dH;Rus(CO), g™, initially proposed
tensor eigenvalued 1, Vo, Va3, with the convention {V1| < in another previous worfk has been optimized again at the

Vi (1)

[Vaa| < |Va3| (i.e. &3 is the principal component): same level of calculation and other isomers have been found
on the potential energy surface. A small set of tetrahedral
Co= eQ\s3 @) H,M,(CO),, clusters has also been considered in order to as-
h sess the possible effect of the metal M@pnandng (M = Re,
Tc, Os, Fe). Unrestricted-DFT calculations of the singhed a
_ V22| = My (3) triplet states have been done in several cases in ordereo tak
Va3 care of the possible magnetism of some of these clusters. It

could in particular have been the case for those that bresak th
electron-counting rule, namely Ru,(C¢Hg)3, the strongly
electron deficient 5Ru,(CO)q cluster or HM,(CO),, clus-
ters (M = Re, Tc).
Calculations of EFG tensors were done using the B3PW91
functionaft®16 and the Stuttgart effective core potential for
9Ru, Fe, Re and O¥ augmented with one polarization

whereQ is the nuclear quadrupole mome £ 0.00286
barns for’H). The conversion from atomic units to kHz is:

Co (kHz) =672x Va3(u.a) 4)
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2%, owing to the local character of this propefDue to the
large dimension of some TM complexes we have considered
that performing geometry optimizations and EFG tensor cal-
culations in the same expensive trigletuality basis set leads
no significant enhancement of the results. The structures la
belling is consistent with the one adopted in Ref. 7. Thel3
quadrupolar parameters published in Ref. 9 have been com-
puted, with a somewhat lower accurate level of calculation?
only for the carbonyl-ruthenium clusters hereafter nadféd 15
1’0, 13,13, and14a For the sake of consistency, they have 14
been systematically recalculated within the cc-pVTZ basts 17
and the Stuttgart effective core potentials. This smallgam
of clusters is completed in the present work by a wide set of8
[Ruy] clusters with CO, P, PR3, AsHsand GHg ligands/
together with an electron deficient [lJicluster, an extended
set of[H;Ru,(CO), 4] * isomers and other j1,(CO),, clus-
ters (with M = Re, Tc, Os, Fe). _ o 21
Owing to the debate about the isomerization process of
H,Ru,(CO),,23?2 and for the purpose of checking the pos- 22
sible effect of crystal packing on the isomerization pathwa
of this compound, periodic boundary computations were per?3
formed on this particular case within the framework of the
density functional theory (DFT) considering the spin unpo-24
larized constraint. The exchange-correlation potentad ap- 25
proximated by the generalized gradient approach propoged k»6
Perdew, Burke, and Ernzerhof (PBE)2 Calculation of the 27
energetic parameters, as well as the geometry optimizatiores
were carried out using the projector augmented waves (PAW)9
full-potential reconstructiof?2® implemented in the Vienna
ab initio simulation package VASP/?® We found that a ki-
netic energy cutoff of 500 eV was sufficient to achieve a total
energy convergence within several millielectronvoltsors
were free to move until the residual forces on any direction
were less than 0.02 eV/A. Diffusion barriers were estimated
by the nudge elastic band (NEB) variant recently proposed by
Henkelman and co-workefS,with a force tolerance of 0.02

eV/A ﬁnd five intermediate geometries for the transitionesta
search.
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