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Computational details  

 

All calculations were run using the B3LYP functional as implemented in the Gaussian 09 (Revision A.02) program 

package.1,2 For the carbon and hydrogen atoms of the isopropyl groups 6-31g* basis sets was employed.3 Rhodium atoms 

were described using RECPs with the associated cc-pVDZ-PP basis set.4 Cc-pVTZ basis sets were employed for all other 

atoms.5 All structure optimizations were performed in C1 symmetry without any geometrical constraints. Frequency mode 

analyses were run for all stationary points to identify them as minima (no negative eigenvalues). Molecular orbitals have 

been visualized with the GaussView 3.0 program. Cartesian coordinates for the optimized structures are given below.  

 

Figures S1 and S2 show the DFT/B3LYP optimized structures for [Rh{Si(OEt)3}(CO)(dippp)] (1) and [Rh{Si(OEt)3}-

(CO)(dippe)] (2). Selected calculated bond lengths and angles of 1 and 2 are given in tables T1 and T2, respectively and are 

in agreement with the geometries obtained from the crystal structure analyses. Selected molecular orbitals of compounds 1 

and 2 are depicted in figure S3.  

 

Molecular orbitals were also calculated for the geometries obtained from the crystal structures of [{Rh(µ-CO)(dippp)}2] (10) 

and [{Rh(µ-CO)(dippe)}2] (11). Figure S4 shows selected molecular orbitals of 10 and 11. In both cases the shape of a 

energetically low molecular orbital (HOMO−8) indicates a Rh−Rh σ-interaction.  
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Figure S1. Molecular Structure of 1 (left: crystal structure, right: DFT optimized structure); hydrogen atoms have been omitted for clarity.  

  

Table T1 Selected calculated bond lengths (Å) and angles (°) for 1 (experimental values are given in square brackets).  

Bond Length Bond Angle 

 

Rh1‒P1 2.409 [2.3524(5)]  P1‒Rh1‒P2  94.6 [94.243(18)]  

Rh1‒P2 2.406 [2.3608(5)]  P2‒Rh1‒Si1  90.3 [92.490(18)]  

Rh1‒Si1 2.406 [2.3581(5)]  Si1‒Rh1‒C16 83.6 [79.70(6)]  

Rh1‒C16 1.846 [1.840(2)]  P1‒Rh1‒C16 92.5 [94.10(6)]  

C16‒O1 1.153 [1.148(2)]  P1‒Rh1‒Si1 170.2 [172.494(19)]  

  P2‒Rh1‒C16 170.2 [168.55(6)] 

  Rh1‒C16‒O1 176.5 [176.96(19)]  

 

 

Figure S2. Molecular Structure of 2 (left: crystal structure, right: DFT optimized structure); hydrogen atoms have been omitted for clarity.  

 

Table T2 Selected calculated bond lengths (Å) and angles (°) for 2 (experimental values are given in square brackets).  

Bond Length Bond Angle 

 

Rh1‒P1 2.377 [2.3386(4)]  P1‒Rh1‒P2 84.4 [85.107(14)] 

Rh1‒P2 2.384 [2.3475(4)]  P2‒Rh1‒Si1 90.6 [94.859(15)] 

Rh1‒Si1 2.395 [2.3552(4)]  Si1‒Rh1‒C15 87.1 [82.53(5)] 

Rh1‒C15 1.856 [1.8455(16)]  P1‒Rh1‒C15 97.8 [97.53(5)] 

C15‒O1 1.152 [1.146(2)]  P1‒Rh1‒Si1 173.6 [178.130(14)] 

  P2‒Rh1‒C15 177.5 [177.18(5)] 

  Rh1‒C15‒O1 178.2 [179.66(18)] 

 



    

 LUMO (138) / E = −0.035 eV = −0.95 eV LUMO (134) / E = −0.036 eV = −0.980 eV  

 

    

 HOMO (137) / E = −0.181 H = −4.93 eV HOMO (133) / E = −0.181 eV = −4.93 eV  

 

Figure S3. Selected molecular orbitals of 1 (left) and 2 (right) and their energies; hydrogen atoms have been omitted for clarity; ε = 0.08.  



    

 LUMO (186) / E = −0.021 eV LUMO (178) / E = −0.028 eV  

    

 HOMO (185) / E = −0.140 eV HOMO (177) / E = −0.138 eV  

    

 HOMO−8 (177) / E = −0.236 eV HOMO−8 (169) / E = −0.236 eV  

 

Figure S4. Selected molecular orbitals of 10 (left) and 11 (right) and their energies; hydrogen atoms have been omitted for clarity; ε = 0.08.  

 



Optimized cartesian coordinates for compound 1:  
 
79 
 
Rh -1.69599 0.69631 0.99466 
Si 0.05955 2.30786 0.66274 
O 0.11574 -0.39298 3.12053 
O 1.11436 1.85777 -0.56266 
O 1.12820 2.59241 1.92892 
O -0.44943 3.82596 0.13191 
P -3.18349 -1.18997 1.17400 
P -3.13484 1.93917 -0.48015 
C -0.55056 0.01726 2.27330 
C -4.86834 -1.08377 0.37522 
C -4.72874 1.10304 -0.96084 
C -5.42971 0.32847 0.16509 
C 2.06219 0.80853 -0.46598 
C 0.79818 2.91625 3.26745 
C 0.46559 4.84497 -0.26764 
C -0.26628 6.16956 -0.39117 
C 2.76186 0.63313 -1.80213 
C 1.40978 4.24952 3.66846 
H -5.40214 1.85669 -1.36573 
H -4.50514 0.41974 -1.78264 
H -6.48737 0.22954 -0.09369 
H -5.40111 0.89711 1.09564 
H -4.79179 -1.56541 -0.60038 
H -5.57008 -1.68323 0.95662 
H 0.92122 4.57054 -1.22352 
H 1.27530 4.92924 0.46253 
H 1.56457 -0.12623 -0.18000 
H 2.79163 1.03934 0.31643 
H 1.17915 2.12382 3.91819 
H -0.28843 2.94825 3.40943 
H -1.06291 6.10721 -1.13443 
H 0.42303 6.95877 -0.69832 
H -0.71213 6.45615 0.56238 
H 2.04333 0.38235 -2.58367 
H 3.50311 -0.16676 -1.74481 
H 3.27016 1.55370 -2.09143 
H 2.49093 4.22909 3.52653 
H 1.20438 4.46391 4.71984 
H 1.00239 5.06265 3.06662 
C -3.22022 3.09960 -3.15864 
C -3.68086 3.58970 0.25584 
C -2.44606 -2.72849 0.35471 
C -4.98860 4.18882 -0.28707 
C -3.73908 3.53299 1.79352 
C -4.23522 -0.42706 3.65531 
C -2.36000 2.32641 -2.14726 
C -1.80490 1.03300 -2.76986 
C -1.20670 -3.23691 1.11039 
C -3.39168 -3.89849 0.02456 
C -3.55542 -1.62588 2.96794 
C -4.33629 -2.92053 3.24100 
H -5.10790 5.20697 0.10456 
H -5.02286 4.25168 -1.37766 
H -5.86329 3.61625 0.04466 
H -2.84108 4.23955 -0.01212 
H -3.87419 4.54574 2.19463 
H -2.82161 3.11235 2.21454 
H -4.58381 2.92755 2.14553 
H -0.46851 -2.44764 1.27012 
H -0.72431 -4.03400 0.53138 
H -1.47067 -3.65936 2.08703 
H -4.26622 -3.59385 -0.55754 
H -3.74878 -4.41171 0.92159 
H -2.84632 -4.63754 -0.57614 
H -2.09708 -2.30904 -0.59963 
H -5.30957 -2.93420 2.73605 
H -4.53188 -3.00997 4.31732 
H -3.78333 -3.81239 2.93589 
H -4.29833 -0.60426 4.73604 
H -3.67810 0.50114 3.49259 
H -5.25962 -0.28221 3.28968 
H -2.55504 -1.73116 3.40626 
H -1.21355 1.27688 -3.66090 
H -2.60500 0.35200 -3.08845 
H -1.15360 0.50234 -2.06815 
H -3.48497 4.09898 -2.80189 
H -4.14557 2.56928 -3.41407 
H -2.65523 3.22830 -4.09069 
H -1.50692 2.95158 -1.86539 
 
SCF Energy = −2251.81457621  

Optimized cartesian coordinates for compound 2:  
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Rh -1.42785 0.74541 1.09823 
Si 0.15090 2.48627 0.63850 
O 0.59178 -0.42438 2.99523 
O 1.23662 2.14469 -0.59498 
O 1.19122 2.94701 1.87772 
O -0.57152 3.90579 0.07848 
P -3.05114 -0.97933 1.29696 
P -2.96657 1.69422 -0.45534 
C -0.16922 0.04248 2.26690 
C -4.62761 -0.37162 0.50533 
C -4.31307 0.42525 -0.76350 
C 2.30295 1.21582 -0.49570 
C 0.80104 3.33021 3.18223 
C 0.19195 5.05781 -0.27498 
C -0.74279 6.20540 -0.61293 
C 3.07014 1.18414 -1.80570 
C 2.00764 3.30457 4.10399 
H -5.21232 0.89209 -1.16293 
H -3.93505 -0.24331 -1.53853 
H -5.31537 -1.19006 0.29379 
H -5.11244 0.27120 1.24149 
H 0.83363 4.82483 -1.12963 
H 0.84896 5.33815 0.55382 
H 1.91261 0.21627 -0.26754 
H 2.96876 1.49914 0.32515 
H 0.02460 2.65739 3.56602 
H 0.36838 4.33816 3.16100 
H -1.38498 5.94820 -1.45705 
H -0.17215 7.09699 -0.88072 
H -1.37966 6.44967 0.23855 
H 2.41751 0.88724 -2.62785 
H 3.89759 0.47385 -1.74810 
H 3.47717 2.16977 -2.03449 
H 2.42302 2.29808 4.15860 
H 1.72842 3.61970 5.11172 
H 2.78459 3.97513 3.73495 
C -3.33423 2.56853 -3.20006 
C -3.84926 3.25559 0.12341 
C -2.56516 -2.51068 0.30381 
C -5.28849 3.44591 -0.38428 
C -3.81174 3.38715 1.65643 
C -3.87848 -0.34666 3.89751 
C -2.30806 2.07835 -2.16684 
C -1.50827 0.87870 -2.70377 
C -1.58807 -3.39094 1.10364 
C -3.69574 -3.34658 -0.31900 
C -3.57017 -1.56179 3.00382 
C -4.71303 -2.58826 3.06181 
H -5.64579 4.44308 -0.09764 
H -5.38462 3.36225 -1.47008 
H -5.97312 2.71968 0.07091 
H -3.21027 4.04577 -0.28772 
H -4.18269 4.37720 1.95129 
H -2.79712 3.26583 2.04422 
H -4.45193 2.64001 2.14156 
H -0.76310 -2.80789 1.52584 
H -1.15366 -4.15336 0.44586 
H -2.09125 -3.91572 1.92386 
H -4.33866 -2.75419 -0.97882 
H -4.33351 -3.81969 0.43406 
H -3.25984 -4.14913 -0.92773 
H -1.99153 -2.06613 -0.51987 
H -5.63348 -2.19750 2.61246 
H -4.94013 -2.83045 4.10796 
H -4.46094 -3.52516 2.55755 
H -4.01806 -0.67413 4.93509 
H -3.06805 0.38835 3.87381 
H -4.80309 0.15694 3.58932 
H -2.65864 -2.03222 3.39508 
H -0.99810 1.16315 -3.63209 
H -2.15653 0.02457 -2.93910 
H -0.74883 0.55514 -1.98575 
H -3.80483 3.51156 -2.90666 
H -4.12623 1.83112 -3.38072 
H -2.83024 2.74238 -4.15922 
H -1.59698 2.88678 -1.96237 
 
SCF Energy = −2212.49663225  


