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Figure S1. Linear relationship between B3LYP/GTO-TZP (DZ on Rh) calculated Eomo of [Rh(p-diketonato)(P(OPhs)s),] and the
experimental kinetic rate constant, k; (k, in dm3mol-s?), of the [Rh(B-diketonato)(P(OPh)s),] + CHsl reaction. Complex numbering
is according to Figure 1. Data was obtained from J. Conradie, “Oxidation potential of [Rh(B-diketonato)(P(OPh)s),] complexes —
relationships with experimental, electronic and calculated parameters”, Electrochimica Acta, 2013, 110, 718-725.
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Figure S 2. Linear relationship between B3LYP/GTO-TZP (DZ on Rh) calculated Eomo and the experimental kinetic rate constant, k,
(in dm3mol-*s?) of the CH;l oxidative addition to [Rh(f-diketonato)(CO)(PPhs)]. Note k, in this graph corresponds to k; in Scheme 2.
Complex numbering is according to Figure 1 (for complexes 1-14), and further R, R' = Ph, CH,CH3 (15); Ph, (CH,),CH;5 (16); Ph,
(CH,)3CH3 (17). Data was compiled for this study, see Table S 6.
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Figure S 3. Linear dependence of the empirical quantities (xr + %r), (Or + Or), pPKz and ZE, on the oxidative addition rate constant

k, (in dm3mols?) of the [Rh(B-diketonato)(CO)(P(OCH,)sCCH3)] + CHsl reaction. Data was obtained from J.J.C. Erasmus and J.
Conradie, “Chemical and electrochemical oxidation of [Rh(-diketonato)(CO)(P(OCH,);CCHs)]: an experimental and DFT study”,

Dalton Transactions, 2013, 42, 8655-8666.

S2



2.5= PK, . - 15
y=1.03x + 12.46 s
20 R?=0.75 , - i
B : 5 s ;= O\ I/F(OPhh
ui = (R
N 1.5+ (i + %) 2 ~ 0 P(OPh),
w y=-029x +3.58 +
o R?=0.86 ;ﬂ
— 1.0+ e ET
o =E, _O‘
+ y=-0.09x +0.74 R",
o« 0.54 (r + 5a) R?=0.96 ° CH,
el y=-017x- 0.56 L 15 o ;= O\ | ~POPh)
R?=098 A /Rh"'
- ~
0.0 =0" | “P(OPh),
R |
-0.5 T T T T -25
-10 -8 -6 -4 -2 0
In (k, / dm® mol™ s)

Figure S 4. Linear dependence of the empirical quantities (xr + ¥r), (Or + Or), PKs and ZE, on the oxidative addition rate constant
k, (in dm3mols?) of the [Rh(B-diketonato)(P(OPh)s),] + CHsl reaction. Data was obtained from M.M. Conradie, J.J.C. Erasmus and
J. Conradie, "lodomethane oxidative addition to beta-Diketonatobis(triphenylphosphite)rhodium(l) complexes: A synthetic, kinetic
and computational study", Polyhedron, 2011, 30, 2345-2353; and from J. Conradie, “Oxidation potential of [Rh(j3-

diketonato)(P(OPh)s),] complexes — relationships with experimental, electronic and calculated parameters”, Electrochimica Acta,
2013, 110, 718-725.
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Figure S 5. Linear relationship between Eyomo of [Rh(B-diketonato)(CO)(P(OCH,)3CCH;)] and the experimental oxidation potential
of rhodium, Ey,(Rh). Complex numbering is according to Figure 1. Data was obtained from reference J.J.C. Erasmus and J. Conradie,

“Chemical and electrochemical oxidation of [Rh(p-diketonato)(CO)(P(OCH;)3CCHs)]: an experimental and DFT study”, Dalton
Transactions, 2013, 42, 8655—-8666.
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Figure S 6. Linear relationship between Eyomo of [Rh(B-diketonato)(CO)(PPhs)] and the experimental oxidation potential of
rhodium, E,,(Rh). Complex numbering is according to Figure 1. Data was obtained from reference H. Ferreira, M.M. Conradie and

J. Conradie, "Electrochemical study of Carbonyl Phosphine -Diketonato Rhodium(l) Complexes", Electrochimica Acta, 2013, 113,
519-526.
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Table S 1. The Gordy scale group electronegativities, yg,%? used to quantify the electron donating properties of the R and R' groups
of the B-diketones (RCOCH,COR'). (Fc = ferrocenyl).

R group AR Reference

CF; 3.01 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans., 1998,
2507-2514.

Cl 2.97 R.E. Kagarise, J. Am. Chem. Soc., 1955, 77, 1377-1379.

| 2.82 W.C. du Plessis, J.J.C. Erasmus, G.J. Lamprecht, J. Conradie, T.S. Cameron, M.A.S.
Aquino and J.C. Swarts, Canadian J. Chem., 1999, 77, 378-386.

CClL; 2.76 R.E. Kagarise, J. Am. Chem. Soc., 1955, 77, 1377-1379.

CHCl, 2.62 R.E. Kagarise, J. Am. Chem. Soc., 1955, 77, 1377-1379.

CH; 2.34 R.E. Kagarise, J. Am. Chem. Soc., 1955, 77, 1377-1379.

Ph 2.21 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans., 1998,
2507-2514.

H 2.13 R.E. Kagarise, J. Am. Chem. Soc., 1955, 77, 1377-1379.

Fc 1.87 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans., 1998,
2507-2514.

CH,Br 2.44 R.E. Kagarise, J. Am. Chem. Soc., 1955, 77, 1377-1379.

CH,Cl 2.48 R.E. Kagarise, J. Am. Chem. Soc., 1955, 77, 1377-1379.

CH,CH; 2.31 N.F. Stuurman and J. Conradie, J. Organomet. Chem., 2009, 694, 259-268.

CH,CH,CH; 2.41 N.F. Stuurman and J. Conradie, J. Organomet. Chem., 2009, 694, 259-268.

CH,CH,CH,CH; 2.22 N.F. Stuurman and J. Conradie, J. Organomet. Chem., 2009, 694, 259-268.

C4H;S 2.10 M.M. Conradie, A.J. Muller and J. Conradie, S. Afr. J. Chem., 2008, 61, 13-21.
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Table S 2. pK, of the indicated B-diketones (RCOCH,COR'), with side groups R and R'. (Fc = (CsHs)Fe(CsH,4) = ferrocenyl, and Rc =
(CsHs)Ru(CsHy) = ruthenocenyl).

R R' pK, Ref pK,
C/H;S | C4H5S 8.893 | M.M. Conradie, A.J. Muller and J. Conradie, S. Afr. J. Chem., 2008, 61, 13-21.
C¢Hs C,H;S 9.006 | M.M. Conradie, A.J. Muller and J. Conradie, S. Afr. J. Chem., 2008, 61, 13-21.

J. Stary, in The Solvent Extraction of Metal Chelates, MacMillan Company,

Cols Cols 9.33 New York, 1964, Appendix.

J. Stary, in The Solvent Extraction of Metal Chelates, MacMillan Company,

CeHs CFs 6.3 New York, 1964, Appendix.

Ce¢Hs CH,CH,CH,CH; | 9.33 N.F. Stuurman and J. Conradie, J. Organomet. Chem., 2009, 694, 259-268.

C¢H; CH,CH,CH; 9.23 N.F. Stuurman and J. Conradie, J. Organomet. Chem., 2009, 694, 259-268.
Ce¢Hs CH,CH; 9.33 N.F. Stuurman and J. Conradie, J. Organomet. Chem., 2009, 694, 259-268.

J. Stary, in The Solvent Extraction of Metal Chelates, MacMillan Company,
CeHs CH; 8.70

New York, 1964, Appendix.

J. Conradie, Chemical kinetics, electrochemistry and structural aspects of

CF; C(CH3); 7.13 ferrocene-containing p-diketonato complexes of rhodium(l) and iridium(I),
PhD Thesis, University of the Free State, R.S.A., 1999.

CF, C,H;S 6.497 | M.M. Conradie, A.J. Muller and J. Conradie, S. Afr. J. Chem., 2008, 61, 13-21.

CF, CF, 471 11\/(1).61;2111nger, H. Duschner and K. Starke, J. Inorg. Nucl. Chem., 1978, 40, 1063-

CF CF 594 J. Stary, in The Solvent Extraction of Metal Chelates, MacMillan Company,

3 3 ' New York, 1964, Appendix.

CF; CH(CH;), 6.80 G.J.J. Steyn, A. Roodt and J.G. Leipoldt, /norg. Chem., 1992, 31, 3477-3481.
J. Conradie, Chemical kinetics, electrochemistry and structural aspects of

CF; CH,CH; 6.64 ferrocene-containing B-diketonato complexes of rhodium(l) and iridium(I),

PhD Thesis, University of the Free State, R.S.A., 1999.

J. Stary, in The Solvent Extraction of Metal Chelates, MacMillan Company,

CFs CH, 6.3 New York, 1964, Appendix.
CH CH 8.95 J. Stary, in The Solvent Extraction of Metal Chelates, MacMillan Company,
3 3 ' New York, 1964, Appendix.
Fe CH 10.41 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans.,
s ) 1998, 2507-2514.
Fe ccl 713 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans.,
3 ) 1998, 2507-2514.
Fe CF 6.56 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans.,
3 ) 1998, 2507-2514.
Fe CH 10.01 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans.,
3 ) 1998, 2507-2514.
Fe Fe 13.1 W.C. du Plessis, T.G. Vosloo and J.C. Swarts, J. Chem. Soc., Dalton Trans.,
) 1998, 2507-2514.
Re CeHs 1131 13(5.23_.3I§§mp, E. Fourie, J. Conradie and J.C. Swarts, Organometallics, 2008, 27,
Re CF, 736 I?,(S.gf_.;ggmp, E. Fourie, J. Conradie and J.C. Swarts, Organometallics, 2008, 27,
Re CH; 10.22 I;gl_.;ggmp, E. Fourie, J. Conradie and J.C. Swarts, Organometallics, 2008, 27,
Re Fe 12.90 I;S.g_.?,légmp, E. Fourie, J. Conradie and J.C. Swarts, Organometallics, 2008, 27,
Re Re 12.70 I;g_.;ggmp, E. Fourie, J. Conradie and J.C. Swarts, Organometallics, 2008, 27,
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Table S 3. The sum of the Hammett meta-substituent constants®* (o + og), of the indicated free B-diketones (RCOCH,COR'), with
side groups R and R'. (Fc = ferrocenyl).

R R' Or Or’ (or + OR)
C4H;5S C4H3S 0.09 0.09 0.18
C¢H; C4H;S 0.06 0.09 0.15
C¢Hs C¢Hs 0.06 0.06 0.12
C¢H; CF; 0.06 0.43 0.49
C¢Hs CH,CH,CH,CHj 0.06 -0.08 -0.02
C¢H; CH,CH3; 0.06 -0.07 -0.01
C¢Hs CH; 0.06 -0.069 -0.01
CF; C(CH;); 0.43 -0.10 0.33
CF; C4H;0 0.43 0.06 0.49
CF; C4H3S 0.43 0.09 0.52
CF; CF; 0.43 0.43 0.86
CF; CH,CH; 043 -0.07 0.36
CF; CH; 0.43 -0.069 0.36
CH; CH; -0.069 -0.069 -0.14
Fc C(CH;); -0.15 -0.10 -0.25
Fc CeHs -0.15 0.06 -0.09
Fc CCl, -0.15 0.40 0.25
Fc CF; -0.15 0.43 0.28
Fc CH,CH3; -0.15 -0.07 -0.22
Fc CH; -0.15 -0.069 -0.22
Fc Fc -0.15 -0.15 -0.30
Fc H -0.15 0.00 -0.15

Values are from C. Hansch, A. Leo and R.W. Taft, Chem. Rev., 1991, 91, 165-195.

Table S 4. The Lever electronic parameter, E|, of the indicated p-diketonato ligands.>®7# (Fc = ferrocenyl).

B-diketone E;, Reference

CF;COCH,COCF; 0.17 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

CH;COCH,COCF; 0.03 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

CsHsCOCH,COCF; 0.05 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

FcCOCH,COCF; -0.064 J.J.C. Erasmus and J. Conradie, Electrochim. Acta, 2011, 565, 9287-9294.
C¢HsCOCH,COCH; -0.06 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

CH;COCH,COCH; -0.08 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

Cs¢HsCOCH,COC¢Hg -0.04 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

FcCOCH,COCH; -0.126 J.J.C. Erasmus and J. Conradie, Electrochim. Acta, 2011, 565, 9287-9294.
C¢HsCOCH,COFc -0.118 J.J.C. Erasmus and J. Conradie, Electrochim. Acta, 2011, 565, 9287-9294.
(0(0) 0.99 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

PPh; 0.39 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.

P(OPh), 0.58 A.B.P. Lever, Inorg. Chem., 1990, 29, 1271-1285.
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Table S 5. Chemical oxidative addition kinetic data, electronic parameters and calculated HOMO energies for
[Rh(RCOCHCOR')(P(OPhs3),)] complexes. Complex numbering is according to Figure 1.

Enomo/ eV | Enomo / €V k,/

(B3LYP) ¢ (PW91) ® pK.¢ | xrtyr? |ortor® | EL/ | (mol'dmis?!)¢ | E,(Rh)"
1 | -5.358 ! 13.1 3.74 -0.30 0.177 0.124
2 | -5.370 i 1041 | 4.08 -0.09 0.92 - 0.173
3 |-5350 -4.360 10.01 | 4.21 -0.22 091 |0.151 0.176
4 |-5.403 -4.457 9.35 4.42 0.12 1.08 | 0.0149 0.324
5 |-5372 -4.414 8.7 4.55 -0.01 1.04 | 0.0342 0.322
7 | -5.345 -4.342 8.95 4.68 -0.14 1.00 | 0.096 0.308
8 |-5.510 -4.531 6.56 4.88 0.28 1.03 0.0155 0.312
9 |-5.569 -4.595 6.3 5.22 0.49 1.26 | 0.00263 0.461
10 | -5.554 -4.549 6.3 5.35 0.36 1.22 | 0.0056 0.477
11 | -5.752 -4.774 4.71 6.02 0.86 1.50 | 0.00024 0.881

a DFT B3LYP/GTO-TZP (DZ on Rh) calculations with the Gaussian 09 programme package. See DFT calculations — methods below for details.
b DFT PW91/STO-TZ2P calculations with the ADF (Amsterdam Density Functional) 2013 program. See DFT calculations — methods below for
details.

¢ From Table S2

d From Table S3

e From Table S1

fLever electrochemical ligand parameter E; of the 3-diketonato ligand only, From Table S4

g Kinetic data from Reference °

h E(Rh) vs Fe/Fc*/V from reference 1°

i The HOMO is on Fe, instead of Rh, and therefore not included.

Table S 6. Chemical oxidative addition kinetic data, electronic parameters and calculated HOMO energies for
[Rh(RCOCHCOR')(CO)(PPh3)] complexes. Complex numbering is according to Figure 1 (for complexes 1-14), and further R, R' = Ph,

-1
Complex | VLYY | (Pwoly: | diketoner: | 8 a? | onrowt | BRI
1 -5.323 i 13.1 3.74 -0.3 0.155
2 -5.360 i 10.41 4.08 -0.09 1.14 0.0409
3 -5.324 -4.368 10.01 4.21 -0.22 1.13 0.0155
4 -5.378 -4.516 9.35 4.42 0.12 1.30 0.00961
5 -5.348 -4.455 8.7 4.55 -0.01 1.26 0.0093
7 -5.311 -4.400 8.95 4.68 -0.14 1.22 0.024
8 -5.567 i 6.56 4.88 0.28 1.25 0.0037
9 -5.620 -4.743 6.3 5.22 0.49 1.48 0.00112
10 -5.602 -4.694 6.3 5.35 0.36 1.44 0.00146
11 -5.912 -5.023 4.71 6.02 0.86 1.72 0.00013
12 5373 -4.476 8.893 42 0.18 0.029
13 -5.371 -4.503 9.006 4.31 0.15 0.0265
14 -5.606 -4.726 6.497 5.11 0.52 0.00171
15 -5.376 -4.463 9.33 4.52 -0.01 0.0333
16 -5.343 -4.500 9.33 4.43 -0.02 0.0354
17 -5.347 -4.445 9.23 4.62 0.0437

a DFT B3LYP/GTO-TZP (DZ on Rh) calculations with the Gaussian 09 programme package. See DFT calculations — methods below for details.
b DFT PW91/STO-TZ2P calculations with the ADF (Amsterdam Density Functional) 2013 program. See DFT See DFT calculations — methods
below for details.

¢ From Table S2

d From Table S3

e From Table S1

f ZEL=2xE; (B-diketone) + E; (CO) + E, (PPh;); From Table S4

¢ Kinetic data from Reference !

i HOMO is on Fe, instead of Rh, and therefore not included.
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Table S 7. Chemical oxidative addition kinetic data, electronic parameters and calculated HOMO energies for [Rh(j3-
diketonato)(CO)(P(OCH,)3CCH3)] complexes. Complex numbering is according to Figure 1.

-1
Complex | (BW3h) 1 | fivetomey. | 2! [owtows | B/ | GRIO
4 -4.643 9.35 4.42 0.12 -0.04 0.00481
5 -4.582 8.7 4.55 -0.01 -0.06 0.00563
7 -4.490 8.95 4.68 -0.14 -0.08 0.00554
9 -4.894 6.3 5.22 0.49 0.05 0.000409
10 -4.835 6.3 5.35 0.36 0.03 0.000480
11 -5.205 4.71 6.02 0.86 0.17 0.0000029

b DFT PW91/STO-TZ2P calculations with the ADF (Amsterdam Density Functional) 2013 program. See DFT See DFT calculations — methods
below for details.

¢ From Table S2

d From Table S3

e From Table S1

fLever electrochemical ligand parameter E; of the B-diketonato ligand only, From Table S4

g Kinetic data from Reference '?



DFT calculations - methods

2. [Rh(p-diketonato)(CO),] complexes

“All calculations were performed with the hybrid functional B3LYP,!3 as implemented in the
Gaussian 03 program package.!* Geometries were optimized in the gas phase, with the triple-( basis
set 6-311G(d,p) on all atoms except rhodium, where we used LANL2DZ (corresponding to the Los
Alamos Effective Core Potential plus DZ'3).” 16

3. [Rh(B-diketonato)(cod)] complexes

Density Functional Theory calculations were carried out in the gas phase, using the ADF
(Amsterdam Density Functional) 2013 programme,!” with the GGA (Generalised Gradient
Approximation) functional PW91 (Perdew-Wang, 1991).18 The TZ2P (Triple { polarised) basis set,
with a fine mesh for numerical integration, a spin-restricted formalism and full geometry
optimization with tight convergence criteria, as implemented in the ADF 2013 program, was used
for minimum energy searches. Scalar relativistic effects were used with the ZORA!" formalism
(Zero Order Regular Approximation).

4. [Rh(p-diketonato)(P(OPh3)),] complexes

“DFT calculations were carried out using the ADF (Amsterdam Density Functional) 2007
programme,'® with the GGA (Generalised Gradient Approximation) functional PW91 (Perdew-
Wang, 1991).17 The TZP (Triple ¢ polarised) basis set, with a fine mesh for numerical integration,
a spin-restricted formalism and full geometry optimization with tight convergence criteria, was used
for minimum energy and transition state (TS) searches. Approximate structures of the TS have
been determined with linear transit (LT) scans, with a constrained optimization along a chosen
reaction coordinate, to sketch an approximate path over the TS between reactants and products.
Throughout, all calculations have been performed with no symmetry constraint (C;) and all
structures have been calculated as singlet states.

Numerical frequency analyses,?® where the frequencies are computed numerically by differentiation
of energy gradients in slightly displaced geometries, have been performed to verify the TS
geometries. A TS has one imaginary frequency.

Zero point energy and thermal corrections (vibrational, rotational and translational) were made in
the calculation of the thermodynamic parameters. The enthalpy (/) and Gibbs free energy (G) were
calculated from

U = Ergg + Ezpg + Eg (1)
H=U+RT )
G=H-TS 3)

where U is the total energy, Erg is total bonding energy, Ezpg is zero point energy, Eg is internal
energy, R is the gas constant, T is temperature and S is entropy. The entropy (S) was calculated
from the temperature dependent partition function in ADF at 298.15 K. The computed results
assume an ideal gas.

Solvent effects were taken into account for all calculations reported here. The COSMO (Conductor
like Screening Model) model of solvation?' was used as implemented in ADF.??> The COSMO
model is a dielectric model in which the solute molecule is embedded in a molecule-shaped cavity
surrounded by a dielectric medium with a given dielectric constant (&). The type of cavity used is
Esurf? and the solvent used is methanol (& = 32.6). Where applicable, scalar relativistic effects
were used with the ZORA!® (Zero Order Regular Approximation) formalism.”?*
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5. [Rh(B-diketonato)(CO)(PXj3)] complexes, where PX; = PPh;, (P(OCH,);CCHj;), or other tertiary phosphines

DFT calculations related to the conformational preferences of PPh;-containing Rh-complexes and
the oxidative addition of methyl iodide to [Rh(acac)(CO)(PPhs)] “were carried out using the ADF
(Amsterdam Density Functional) 2009 programme!¢ with the GGA (Generalized Gradient
Approximation) functional PW91.!17 The TZP (Triple C polarized) basis set, with a fine mesh for
numerical integration, a spin-restricted formalism and a full geometry optimization with tight
convergence criteria, was used for minimum energy and transition state (TS) searches.
Approximate structures of the TS have been determined with linear transit (LT) scans, with a
constraint optimization along a chosen reaction coordinate, to sketch an approximate path over the
TS between reactants and products. Numerical frequency analyses,'® where the frequencies are
computed numerically by differentiation of energy gradients in slightly displaced geometries, have
been performed to verify the TS geometries. A TS has one imaginary frequency. Finally, the TS
was allowed to relax after displacing the atoms according to the reaction coordinate as determined
by the eigenvectors. Throughout, all calculations have been performed with no symmetry
constraint (C;) and all structures have been calculated as singlet states.”?>

Calculations related to the the orientation of PPhj; in a series of [Rh(j-diketonato)(CO)(PPh;)]
complexes was done in the gas phase, while the oxidative addition reaction [Rh(acac)(CO)(PPh;)] +
CHs;l was done in methanol as solvent: “Solvent effects were taken into account for all optimized
structures reported here. The COSMO (Conductor like Screening Model) model of solvation?® was
used as implemented?! in ADF. The COSMO model is a dielectric model in which the solute
molecule is embedded in a molecule-shaped cavity surrounded by a dielectric medium with a given

dielectric constant (&). The type of cavity used is Esurf?? and the solvent used is methanol (g =
32.6). %

6. DFT and chemical Kinetics (for oxidative addition and substitution reactions) and
7. DFT and electrochemical oxidation

Figures 13, 14, 16, 17, 18, 20, 21: Density Functional Theory calculations were carried out in the
gas phase using the ADF (Amsterdam Density Functional) 2013 programme,'® with the GGA
(Generalised Gradient Approximation) functional PW91 (Perdew-Wang, 1991).!17 The TZ2P
(Triple ¢ polarised) basis set, with a fine mesh for numerical integration, a spin-restricted formalism
and full geometry optimization with tight convergence criteria, as implemented in the ADF 2013
program, was used for minimum energy searches. Scalar relativistic effects were used with the
ZORA'® formalism (Zero Order Regular Approximation).

Figures S1, S2, 19: “Calculations were performed with the Gaussian 09 programme package.
Geometries were optimized with the hybrid DFT functional B3LYP, which is composed of the
Becke 88 exchange functional, in combination with the LYP correlation functional.!? Optimizations
were done in the gas phase with the triple- basis set 6-311G(d,p) on all atoms except rhodium. The
LANL2DZ basis set,'# corresponding to the Los Alamos ECP plus DZ, was used for rhodium.” 27
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