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Pressure Reactor Details: 
 

 

 

The dip tube used was 30 cm in length with an inner diameter of 0.01 inches.  The 

tube was inserted to the bottom of the reaction vessel and then secured in place using a 

gas-tight compression fitting.  A swing valve was then attached to the other end of the 

sampling loop (Label 1 in Figure 1).  Samples were taken during the reaction by opening 

the swing valve, allowing an aliquot of the reaction mixture to be sampled.  For each data 

point, two aliquots of equal volume were removed from the reactor, the first of which 

was discarded.    
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Figure 1.  Pressure reactor used for kinetic experiments.  The temperature was 

maintained at a constant value by wrapping the copper coils of the constant temperature 

bath around the base of the reactor and then immersing the entire setup in an insulated 

water bath.  
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Scheme S1. 
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Coordinates and energies for B: 
--------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1         44             0       -0.159120   -0.010867    0.105361 

    2          7             0        1.590810    1.239449    0.396393 

    3          7             0        1.298581   -1.280728   -0.323994 

    4         15             0       -1.597451    1.694154   -0.221423 

    5         15             0       -1.702666   -1.618675   -0.001888 

    6          6             0        2.664229   -0.872710   -0.076528 

    7          6             0        2.736866    0.622580   -0.306830 

    8          1             0       -0.599509    0.230785    1.597771 

    9          1             0        1.483076    2.211229    0.129084 

   10          1             0        1.746626    1.223698    1.399574 

   11          1             0        1.211199   -2.288987   -0.336512 

   12          1             0       -1.075090    3.023155   -0.240852 

   13          1             0       -2.329641    1.829121   -1.437463 

   14          1             0       -2.705129    2.018163    0.616743 

   15          1             0       -1.261621   -2.949290   -0.253330 
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   16          1             0       -2.508294   -1.928638    1.124855 

   17          1             0       -2.765599   -1.642491   -0.949279 

   18          1             0        2.999484   -1.095853    0.952992 

   19          1             0        3.377004   -1.369157   -0.749733 

   20          1             0        2.606233    0.828432   -1.371216 

   21          1             0        3.692024    1.045543    0.024484 

 --------------------------------------------------------------------- 

 

Sum of electronic and thermal Energies=              -971.691010 

 Sum of electronic and thermal Enthalpies=            -971.690066 

 Sum of electronic and thermal Free Energies=         -971.740373 

 

 

Coordinates and energies of C: 
                         Standard orientation:                          

 --------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1         44             0       -0.156195   -0.010950    0.112974 

    2          1             0       -0.122475    0.045948   -1.487471 

    3          1             0       -0.251447   -0.329051    1.927311 

    4          7             0        1.532252   -1.383381   -0.039241 

    5          1             0        1.494311   -2.196650    0.564511 

    6          1             0        1.510188   -1.723247   -0.994018 

    7          7             0        1.456125    1.354262    0.123177 

    8          1             0        1.248743    2.193752   -0.406505 

    9          1             0        0.174515    0.361441    1.869556 

   10         15             0       -1.750518   -1.617302   -0.155580 

   11          1             0       -1.363984   -2.899095   -0.644779 

   12          1             0       -2.614040   -2.135766    0.852838 

   13          1             0       -2.781716   -1.418190   -1.111972 

   14         15             0       -1.596819    1.694061   -0.051931 

   15          1             0       -1.074084    2.944379   -0.476312 

   16          1             0       -2.680668    1.646331   -0.966815 

   17          1             0       -2.348199    2.202922    1.042973 

   18          6             0        2.609636    0.725747   -0.478332 

   19          1             0        2.526175    0.557299   -1.572083 

   20          1             0        3.527204    1.314677   -0.321047 

   21          6             0        2.785092   -0.622451    0.181359 

   22          1             0        2.896561   -0.480456    1.258794 

   23          1             0        3.654531   -1.169815   -0.198869 

 --------------------------------------------------------------------- 

 

Sum of electronic and thermal Energies=              -972.853330 

 Sum of electronic and thermal Enthalpies=            -972.852385 

 Sum of electronic and thermal Free Energies=         -972.903945 
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Coordinates and energies of D*: 
--------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1         44             0       -0.171109   -0.002159    0.036691 

    2          1             0       -0.274626   -0.019342   -1.593806 

    3          1             0        0.152726    0.124692    1.800034 

    4          7             0        1.515869   -1.368914   -0.205770 

    5          1             0        1.431978   -2.241760    0.301898 

    6          1             0        1.506355   -1.590723   -1.194102 

    7          7             0        1.510161    1.335225    0.288240 

    8          1             0        1.368426    2.299263    0.025248 

    9          1             0        0.825731    0.721268    1.361402 

   10         15             0       -1.734093   -1.616066    0.020478 

   11          1             0       -1.353828   -2.934563   -0.366962 

   12          1             0       -2.459095   -2.024447    1.176170 

   13          1             0       -2.868693   -1.547321   -0.833295 

   14         15             0       -1.674396    1.641879   -0.086754 

   15          1             0       -1.229535    2.909659   -0.550765 

   16          1             0       -2.783593    1.528834   -0.964460 

   17          1             0       -2.414441    2.144490    1.020422 

   18          6             0        2.688268    0.757568   -0.305169 

   19          1             0        2.656235    0.772938   -1.409600 

   20          1             0        3.609628    1.275139    0.000953 

   21          6             0        2.777437   -0.685534    0.150764 

   22          1             0        2.866730   -0.714945    1.239223 

   23          1             0        3.645675   -1.191737   -0.283475 

 --------------------------------------------------------------------- 

 

Sum of electronic and thermal Energies=              -972.840447 

 Sum of electronic and thermal Enthalpies=            -972.839502 

 Sum of electronic and thermal Free Energies=         -972.889879 

 

Coordinates and energies of A: 
--------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1          6             0       -2.727399    0.683335    0.326311 

    2          6             0       -2.726878   -0.683493   -0.327679 

    3          7             0       -1.503486    1.393980   -0.065261 

    4          7             0       -1.503389   -1.393965    0.065541 

    5         44             0        0.173447    0.000021    0.000568 

    6         15             0        1.710676    1.602524   -0.036157 

    7         15             0        1.710677   -1.602495    0.035499 

    8          1             0       -1.572034    1.738685   -1.015092 

    9          1             0       -1.342672    2.182606    0.548466 

   10          1             0       -1.572953   -1.738250    1.015452 

   11          1             0       -1.341942   -2.182912   -0.547627 

   12          1             0        0.084699    0.068581    1.692432 

   13          1             0       -3.636827    1.232881    0.056768 

   14          1             0       -2.702206    0.571065    1.413008 
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   15          1             0       -3.636594   -1.233172   -0.059393 

   16          1             0       -2.700105   -0.571130   -1.414326 

   17          1             0        2.670443    1.774303    1.001208 

   18          1             0        1.267800    2.959929   -0.033440 

   19          1             0        2.640300    1.770285   -1.101967 

   20          1             0        2.635689   -1.777387    1.104205 

   21          1             0        2.674880   -1.767234   -0.998828 

   22          1             0        1.267853   -2.959867    0.022007 

   23          1             0        0.085477   -0.068895   -1.691750 

 --------------------------------------------------------------------- 

 

Sum of electronic and thermal Energies=              -972.868202 

 Sum of electronic and thermal Enthalpies=            -972.867258 

 Sum of electronic and thermal Free Energies=         -972.918695 

 

 

Coordinates for H2: 
 

                         Standard orientation:                          

 --------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1          1             0        0.000000    0.000000    0.372128 

    2          1             0        0.000000    0.000000   -0.372128 

 --------------------------------------------------------------------- 

 

Sum of electronic and thermal Energies=                -1.162124 

 Sum of electronic and thermal Enthalpies=              -1.161179 

 Sum of electronic and thermal Free Energies=           -1.175975 

 

Hydrogenation of acetone 
The barrier for the transfer of dihydrogen to acetone (step A plus acetone to F* in 

Scheme S1) is calculated to be 9.9 kcal mol
-1

. 

 

Coordinates and energies for acetone 
--------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1          6             0        0.000000    0.000000    0.000000 

    2          8             0        0.000000    0.000000    1.207442 

    3          6             0        1.283167    0.000000   -0.794618 

    4          1             0        1.382666   -0.950619   -1.327199 

    5          1             0        1.272060    0.788523   -1.551441 

    6          1             0        2.134901    0.131011   -0.130151 

    7          6             0       -1.283174    0.000000   -0.794613 

    8          1             0       -1.382850    0.950797   -1.326847 

    9          1             0       -1.271953   -0.788253   -1.551712 

   10          1             0       -2.134880   -0.131372   -0.130178 
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 --------------------------------------------------------------------- 

 
Sum of electronic and zero-point Energies=           -193.078306 

 Sum of electronic and thermal Energies=              -193.072962 

 Sum of electronic and thermal Enthalpies=            -193.072018 

 Sum of electronic and thermal Free Energies=         -193.106329 

 
 

Coordinates and energies for E, the acetone adduct with 
A 
--------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1         44             0        0.023375   -0.000823   -0.008749 

    2          1             0        0.076964   -0.032787    1.691089 

    3          1             0        0.139119    0.025754   -1.694165 

    4          7             0        1.442660    1.654522    0.001623 

    5          1             0        1.156764    2.368429   -0.656825 

    6          1             0        1.488349    2.078921    0.926430 

    7          7             0        1.910004   -1.093811    0.009575 

    8          1             0        1.882053   -1.865813    0.663445 

    9          1             0        2.048298   -1.472828   -0.919428 

   10         15             0       -1.743005    1.334166   -0.175577 

   11          1             0       -1.514716    2.706265   -0.494841 

   12          1             0       -2.747301    1.127778   -1.162068 

   13          1             0       -2.664543    1.606446    0.880881 

   14         15             0       -1.221059   -1.842555   -0.054899 

   15          1             0       -0.556351   -3.103231   -0.145316 

   16          1             0       -2.091212   -2.234013    1.002892 

   17          1             0       -2.156160   -2.112967   -1.094311 

   18          6             0        2.995489   -0.165513    0.361033 

   19          1             0        2.942162    0.010584    1.437264 

   20          1             0        3.984710   -0.572974    0.122777 

   21          6             0        2.769059    1.141330   -0.367956 

   22          1             0        2.772275    0.969325   -1.447498 

   23          1             0        3.567705    1.850698   -0.124717 

   24          6             0        1.050987    1.939887    3.636217 

   25          8             0        1.884781    2.406090    2.885030 

   26          6             0        1.390118    0.839899    4.602495 

   27          1             0        2.445778    0.584535    4.532877 

   28          1             0        1.145438    1.139586    5.625123 

   29          1             0        0.779857   -0.034418    4.359416 

   30          6             0       -0.376325    2.407167    3.621386 

   31          1             0       -0.941850    1.655429    3.060056 

   32          1             0       -0.794972    2.470149    4.627788 

   33          1             0       -0.457985    3.366793    3.113378 

 --------------------------------------------------------------------- 

 

Sum of electronic and thermal Energies=             -1165.949593 

 Sum of electronic and thermal Enthalpies=           -1165.948649 

 Sum of electronic and thermal Free Energies=        -1166.018142 
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Coordinates and energies for F*, the acetone 
hydrogenation transition state. 
 

 --------------------------------------------------------------------- 

 Center     Atomic     Atomic              Coordinates (Angstroms) 

 Number     Number      Type              X           Y           Z 

 --------------------------------------------------------------------- 

    1         44             0        0.013418   -0.019874    0.015031 

    2          7             0        0.025298   -0.013437    2.171029 

    3          7             0        2.160125    0.026358    0.409329 

    4         15             0        0.259901   -0.024928   -2.202363 

    5         15             0       -2.201172    0.143606   -0.123099 

    6          1             0       -3.069458   -0.938962   -0.450848 

    7          1             0       -2.917260    0.537514    1.045054 

    8          1             0       -2.818825    1.081487   -0.994293 

    9          1             0       -0.044364   -1.142531   -3.032293 

   10          1             0        1.566334    0.180407   -2.738777 

   11          1             0       -0.379491    0.933898   -3.036699 

   12          1             0        2.671281   -0.635450   -0.161641 

   13          1             0        2.476705    0.955928    0.161386 

   14          1             0       -0.107498   -0.993001    2.461834 

   15          1             0       -0.712504    0.549708    2.576229 

   16          6             0        2.402772   -0.243451    1.838438 

   17          6             0        1.333344    0.450038    2.654450 

   18          1             0        2.313681   -1.319999    1.994246 

   19          1             0        3.401520    0.076758    2.154336 

   20          1             0        1.478702    0.228473    3.717685 

   21          1             0        1.387964    1.532401    2.513908 

   22          8             0        0.243022   -2.774459    2.414081 

   23          6             0        1.099420   -3.904192    0.497460 

   24          6             0        0.007302   -3.196115    1.273148 

   25          6             0       -1.409496   -3.549950    0.877768 

   26          1             0        2.067626   -3.448004    0.700382 

   27          1             0        1.138647   -4.942068    0.852243 

   28          1             0        0.908593   -3.910058   -0.574991 

   29          1             0       -1.615077   -4.560840    1.253006 

   30          1             0       -2.114832   -2.867006    1.348549 

   31          1             0       -1.551805   -3.542555   -0.202143 

   32          1             0        0.063085   -1.742732    0.131217 

   33          1             0        0.062810    1.645196    0.013579 

 --------------------------------------------------------------------- 

 

Sum of electronic and zero-point Energies=          -1165.964313 

 Sum of electronic and thermal Energies=             -1165.946880 

 Sum of electronic and thermal Enthalpies=           -1165.945936 

 Sum of electronic and thermal Free Energies=        -1166.009210 

 

 


