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1. NMR Spectra 

 

 

Figure S1. Room temperature evolution of 1 and Pt(PtBu3)2. 

 

 

 

 

Figure S2. Hydridic region of the 1H NMR spectrum corresponding to the room temperature heterolytic 

H2 splitting by the Ir(III) compound 1 and Pt(PtBu3)2 after 5 min (bottom) and 48 h (top). 

 

 



 

 

 

 

 

Figure S3. Selected regions of the 31P{1H} (A, top) and 1H (B, bottom) NMR spectra of 1 under H2 

atmosphere (1 bar) at −30 °C and at room temperature. 

 

 



 

Figure S4. Hydride region (ca. 0 to −40 ppm) of the 1H NMR spectrum corresponding to the low-

temperature NMR monitoring of the reaction between the Ir(III) compound 1, Pt(PtBu3)2 and H2. 

 

 

Figure S5. 31P{1H} NMR spectrum corresponding to the low-temperature NMR monitoring of the 

reaction between the Ir(III) compound 1, Pt(PtBu3)2 and H2. 

 

  



 

Figure S6. 31P{1H} NMR spectrum of the reaction mixture of in situ generated 1:1·(H)2
+ solution after 

addition of one equivalent of NEt3. 

 

 

 

 

Figure S7. 31P{1H} NMR spectrum of complex 5. 

  



 

 

Figure S8. 1H NMR spectrum of complex 5. Inset shows the hydridic resonance. 

 

 

 

 

 

Figure S9. 13C{1H} NMR spectrum of complex 5. 

 

  



2. Kinetic Isotopic Effect (KIE) Experiments 

Experiments were performed at −80 °C in CD2Cl2, and the progress of the reaction was 

monitored by 31P{1H} NMR spectroscopy by means of the disappearance of the Pt(0) precursor. 

In a representative example, Pt(PtBu3)2 (3.1 mg, 0.006 mmol) was placed in a J. Young NMR 

tube and dissolved in CD2Cl2 (0.4 mL), the resulting solution was frozen and, then, a solution of 

compound 1 (10 mg, 0.006 mmol) in CD2Cl2 (0.4 mL) was added and then frozen. The inert gas 

was removed under high vacuum and H2 or D2 (1.75 bar) was subsequently added while the 

solutions remained frozen and unmixed. Finally, the mixture was shaken while kept at −80 °C 

and the tube was finally placed into the NMR spectrometer at −80 °C. 

 

Figure S10. Kinetic profiles for the activation of H2 and D2 (kH/kD = 0.33). 



3. X-Ray Characterization 

Crystallographic details. Crystals of compound 5 were grown by slow diffusion of hexane into 

their CH2Cl2 solutions. Low-temperature diffraction data were collected on a Bruker APEX-II 

CCD diffractometer with a Photon III detector and a IμS 3.0 microfocus X-ray source at the 

Instituto de Investigaciones Químicas, Sevilla. Data were collected by means of ω and φ scans 

using monochromatic radiation λ(Mo Kα1) = 0.71073 Å. The diffraction images collected were 

processed and scaled using APEX-III software. Using Olex2[1,2,3], the structure was solved with 

SHELXS and was refined against F2 on all data by full-matrix least squares with SHELXL.[4] 

All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in the 

model at geometrically calculated positions and refined using a riding model, except the hydride 

which has been determined from the Fourier map. The isotropic displacement parameters of all 

hydrogen atoms were fixed to 1.2 times the U value of the atoms to which they are linked (1.5 

times for methyl groups).  

A summary of the fundamental crystal and refinement data are given in ¡Error! No se 

encuentra el origen de la referencia.. Atomic coordinates, anisotropic displacement 

parameters and bond lengths and angles can be found in the cif file, which have been deposited 

in the Cambridge Crystallographic Data Centre with no. 2234614. These data can be obtained 

free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

Table S1. Crystal data and structure refinement for compound 5. 

 5 

formula C74H71BF24IrP 

Fw 1650.29 

cryst.size, mm 0.35 × 0.28 × 0.18 

crystal system monoclinic 

space group P21/c 

a, Å 12.8661(4) 

b, Å 20.7413(7) 

c, Å 27.3249(10) 

α, deg 90.00 

β, deg 96.600(2) 

γ, deg 90.00 

V, Å3 

7243.6(4) 

http://www.ccdc.cam.ac.uk/data_request/cif


T, K 173(2) 

Z 4 

ρcalc, g cm-3 1.513 

µ, mm-1 (MoKα) 1.969 

F(000) 3312.0 

absorption corrections Semi-empirical from equivalents 

θ range, deg 4.16 to 50.5 

no. of rflns measd 78857 

Rint 0.0423 

no. of rflns unique 13090 

no. of params / restraints 980/222 

R1 (I > 2σ(I)) a 0.0363 

R1 (all data) 0.0505 

wR2 (I > 2σ(I)) 0.0907 

wR2 (all data) 0.0968 

Diff.Fourier.peaks min/max, eÅ-3 -1.04/1.59 

CCDC number 2234614 

 

 

 

  



4. Computational Studies 

Calculations were performed at the DFT level with the Gaussian 09 (Revision D.01) program.[5] 

The hybrid functional PBE0[6] was used throughout the computational study. Geometry 

optimizations were carried out without geometry constraints, using the 6-31G(d,p) [7]  basis set 

to represent the C, H, P, and Cl atoms and the Stuttgart/Dresden Effective Core Potential and its 

associated basis set (SDD)[8]  to describe the Ir, and Pt atoms. Bulk solvent effects 

(dichloromethane) were included at the optimization stage with the SMD continuum model. [9] 

Dispersion effects were accounted for by using Grimme’s D3 parameter set with 

Becke−Johnson (BJ) damping.[10] The stationary points and their nature as minima or saddle 

points (TS) were characterized by vibrational analysis, which also produced enthalpy (H), 

entropy (S) and Gibbs energy (G) data at 298.15 K. The minima connected by a given transition 

state were determined by perturbing the transition states along the TS coordinate and optimizing 

to the nearest minimum. 50%-corrected free energy variations (ΔG50), employed to account for 

translational entropy overestimation,[11,12] were carried out for direct comparison with related 

systems. 



 

Figure S11. Calculated molecular geometries of 1·(σ-H2)+ (top) and 1·(H)2
+. 

  



 

  

Figure S12. Molecular geometry of the transition state for the FLP-type H2 splitting. 

Figure S13. Molecular geometry of the transition state for the Pt-mediated deprotonation of 1·(H)2
+ 
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