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II. X-Ray Crystal Structure Analysis of 2h.
2h: tris-(2-(5-trifluoromethylpyridyl),5-fluorophenyl)iridium 

CRYSTAL DATA: C36 H18 F12 Ir N3 , from 1,2-dichloroethane, gold, irregular block, ~0.24 x 0.23 x 0.23mm, cubic , Ia-3(no. 206) , a = 23.6916(10) Å, b = 23.6916(10) Å, c = 23.6916(10) Å, alpha = 90.000(10) °, beta = 90.000(10) °, gamma = 90.000(10) °, Vol = 13297.9(10) Å3, Z = 16, T = -100.°C, Formula weight = 912.73, Density = 1.824 g cm-3, µ(Mo) = 4.11mm-1 

DATA COLLECTION: Bruker SMART 1K CCD system, MoKalpha radiation, standard focus tube , anode power = 50kV x 40mA, crystal to plate distance = 4.9cm, 512 x 512 pixels/frame, multirun data aquisition , total scans = 4, total frames = 2480, oscillation/frame = -0.30°, exposure/frame = 10.0 sec/frame,

maximum detector swing angle = -28.0°, beam center = (255.00,252.34), in plane spot width = 0.00, omega half width = 0.00, SAINT integration, 7040, hkl min/max = ( -31, 31, -30, 30, -30, 31), data collected = 79737, unique data = 2774, two-theta range = 3.44 to 56.64°, completeness to two-theta 56.64 = 100.00%, R(int) = 0.0513, SADABS correction applied. 

SOLUTION AND REFINEMENT: Structure solved using XS(Shelxtl), refined using shelxtl software package, refinement by full-matrix least squares on F 2, scattering factors from Int. Tab. Vol C Tables 4.2.6.8 and 6.1.1.4, number of data = 2774, number of restraints = 0, number of parameters = 158, data/parameter ratio = 17.56, goodness-of-fit on F2 = 1.02, W = 1/[(2(Fo2) + (0.040P)2 + 61.16P] where P = [2Fc2 + Max(Fo2,0)]/3, R indices[I>4sigma(I)] R1 = 0.0289, wR2 = 0.0714, R indices(all data) R1 = 0.0404, wR2 = 0.0785, max difference peak and hole = 1.027 and -0.548 e/Å3.  All hydrogen atoms have been idealized as riding hydrogens.

RESULTS: The asymmetric unit contains one third of the molecule which is shown in Figure 1 with thermal ellipsoids drawn to the 50% probability level. The molecule shows a significant amount of thermal

motion around the 3-fold axis. The connectivity is as predicted.

Table 1.  Atomic coordinates ( x 10^4) and equivalent isotropic displacement parameters (A^2 x 10^3) for 2h.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

   ________________________________________________________________

                   x             y             z           U(eq)

   ________________________________________________________________

    Ir(1)        6552(1)      -1552(1)       1552(1)       24(1)

    N(1)         6385(2)       -691(1)       1717(1)       36(1)

    C(11)        7815(2)      -1610(2)       1868(2)       41(1)

    C(6)         6854(2)       -363(2)       1788(2)       49(1)

    C(12)        7325(2)      -1290(2)       1780(1)       32(1)

    F(10)        8781(1)      -1665(2)       2089(1)       77(1)

    C(7)         7377(2)       -692(2)       1836(2)       46(1)

    C(2)         5872(2)       -449(2)       1689(2)       45(1)

    C(4)         6272(3)        468(2)       1777(3)       94(3)

    C(5)         6795(3)        224(2)       1816(2)       79(2)

    C(9)         8372(2)       -764(3)       2030(3)       78(2)

    C(3)         5799(3)        128(2)       1717(2)       70(2)

    C(8)         7900(2)       -440(2)       1946(2)       74(2)

    C(10)        8316(2)      -1340(2)       2000(2)       59(1)

    F(11)        4823(2)         -9(2)       1567(2)      142(2)

    F(12)        5064(2)        620(2)       2166(2)      111(2)

    F(13)        5185(3)        776(2)       1290(2)      150(2)

    C(13)        5216(4)        375(2)       1686(3)      102(3)

   ________________________________________________________________

Table 2.  Bond lengths [A] and angles [deg] for 2h.

   _____________________________________________________________

    Ir(1)-C(12)#1                 2.007(3)

    Ir(1)-C(12)#2                 2.007(3)

    Ir(1)-C(12)                   2.007(3)

    Ir(1)-N(1)                    2.115(3)

    Ir(1)-N(1)#2                  2.115(3)

    Ir(1)-N(1)#1                  2.115(3)

    N(1)-C(2)                     1.346(5)

    N(1)-C(6)                     1.365(5)

    C(11)-C(10)                   1.383(6)

    C(11)-C(12)                   1.402(5)

    C(6)-C(5)                     1.399(6)

    C(6)-C(7)                     1.467(7)

    C(12)-C(7)                    1.428(5)

    F(10)-C(10)                   1.360(6)

    C(7)-C(8)                     1.401(6)

    C(2)-C(3)                     1.379(6)

    C(4)-C(5)                     1.371(10)

    C(4)-C(3)                     1.388(9)

    C(9)-C(8)                     1.371(8)

    C(9)-C(10)                    1.375(8)

    C(3)-C(13)                    1.501(9)

    F(11)-C(13)                   1.332(9)

    F(12)-C(13)                   1.327(8)

    F(13)-C(13)                   1.337(8)

    C(12)#1-Ir(1)-C(12)#2        96.92(13)

    C(12)#1-Ir(1)-C(12)          96.93(13)

    C(12)#2-Ir(1)-C(12)          96.92(13)

    C(12)#1-Ir(1)-N(1)           91.90(13)

    C(12)#2-Ir(1)-N(1)          170.91(14)

    C(12)-Ir(1)-N(1)             79.75(14)

    C(12)#1-Ir(1)-N(1)#2        170.91(14)

    C(12)#2-Ir(1)-N(1)#2         79.75(14)

    C(12)-Ir(1)-N(1)#2           91.89(13)

    N(1)-Ir(1)-N(1)#2            91.85(12)

    C(12)#1-Ir(1)-N(1)#1         79.75(14)

    C(12)#2-Ir(1)-N(1)#1         91.89(13)

    C(12)-Ir(1)-N(1)#1          170.91(14)

    N(1)-Ir(1)-N(1)#1            91.85(12)

    N(1)#2-Ir(1)-N(1)#1          91.85(12)

    C(2)-N(1)-C(6)              119.9(3)

    C(2)-N(1)-Ir(1)             124.8(3)

    C(6)-N(1)-Ir(1)             114.8(3)

    C(10)-C(11)-C(12)           119.7(4)

    N(1)-C(6)-C(5)              119.3(5)

    N(1)-C(6)-C(7)              113.2(3)

    C(5)-C(6)-C(7)              127.4(5)

    C(11)-C(12)-C(7)            116.8(3)

    C(11)-C(12)-Ir(1)           128.9(3)

    C(7)-C(12)-Ir(1)            114.2(3)

    C(8)-C(7)-C(12)             121.1(4)

    C(8)-C(7)-C(6)              122.3(4)

    C(12)-C(7)-C(6)             116.5(3)

    N(1)-C(2)-C(3)              122.3(5)

    C(5)-C(4)-C(3)              119.5(4)

    C(4)-C(5)-C(6)              120.4(5)

    C(8)-C(9)-C(10)             118.0(4)

    C(2)-C(3)-C(4)              118.5(5)

    C(2)-C(3)-C(13)             120.1(6)

    C(4)-C(3)-C(13)             121.5(5)

    C(9)-C(8)-C(7)              120.7(5)

    F(10)-C(10)-C(9)            118.4(4)

    F(10)-C(10)-C(11)           118.1(5)

    C(9)-C(10)-C(11)            123.6(5)

    F(12)-C(13)-F(11)           106.9(8)

    F(12)-C(13)-F(13)           106.0(4)

    F(11)-C(13)-F(13)           107.4(5)

    F(12)-C(13)-C(3)            112.1(5)

    F(11)-C(13)-C(3)            112.7(4)

    F(13)-C(13)-C(3)            111.3(8)

   _____________________________________________________________

   Symmetry transformations used to generate equivalent atoms:

   #1 -y+1/2,-z,x-1/2    #2 z+1/2,-x+1/2,-y    

Table 3.  Anisotropic displacement parameters (A^2 x 10^3) for 2h.  The anisotropic displacement factor exponent takes the form: -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ]

 _______________________________________________________________________

           U11        U22        U33        U23        U13        U12

 _______________________________________________________________________

 Ir(1)    24(1)      24(1)      24(1)      -3(1)       3(1)      -3(1)

 N(1)     54(2)      25(1)      28(1)       0(1)      -6(1)      -1(1)

 C(11)    32(2)      55(2)      36(2)      12(2)      -6(2)     -12(2)

 C(6)     80(3)      30(2)      36(2)       4(2)     -25(2)     -12(2)

 C(12)    35(2)      40(2)      22(2)       7(1)      -5(1)     -13(1)

 F(10)    32(1)     111(3)      89(2)      33(2)     -20(1)     -17(2)

 C(7)     59(3)      42(2)      38(2)      11(2)     -18(2)     -22(2)

 C(2)     67(3)      34(2)      35(2)      -6(2)     -10(2)      12(2)

 C(4)    159(7)      24(2)      98(4)      -8(2)     -86(5)      10(3)

 C(5)    123(5)      34(2)      80(4)       6(2)     -63(4)     -22(3)

 C(9)     64(3)      87(4)      83(4)      34(3)     -39(3)     -51(3)

 C(3)    112(5)      37(2)      63(3)     -16(2)     -44(3)      26(3)

 C(8)     87(4)      61(3)      74(3)      30(3)     -49(3)     -47(3)

 C(10)    39(2)      83(3)      54(3)      30(3)     -18(2)     -21(2)

 F(11)   122(4)      80(3)     223(6)     -74(3)    -104(4)      63(3)

 F(12)   128(3)      78(2)     128(3)     -43(2)     -51(3)      54(2)

 F(13)   232(6)      91(3)     127(4)     -15(3)     -91(4)      97(4)

 C(13)   140(7)      51(3)     114(5)     -34(3)     -75(5)      50(4)

 _______________________________________________________________________

   Table 4.  Hydrogen coordinates ( x 10^4) and isotropic displacement parameters (A^2 x 10^3) for 2h.

   ________________________________________________________________

                   x             y             z           U(eq)

   ________________________________________________________________

    H(11A)       7803         -2009          1838          50

    H(2A)        5550          -683          1647          55

    H(4A)        6234           867          1790         113

    H(5A)        7120           454          1862          95

    H(9A)        8727          -595          2108          94

    H(8A)        7928           -40          1963          89

   ________________________________________________________________

Table 5.  Torsion angles [deg] for 2h.

   ________________________________________________________________

     C(12)#1-Ir(1)-N(1)-C(2)                            -80.3(3)

     C(12)#2-Ir(1)-N(1)-C(2)                            113.8(8)

     C(12)-Ir(1)-N(1)-C(2)                             -177.0(3)

     N(1)#2-Ir(1)-N(1)-C(2)                              91.4(3)

     N(1)#1-Ir(1)-N(1)-C(2)                              -0.5(3)

     C(12)#1-Ir(1)-N(1)-C(6)                            107.8(3)

     C(12)#2-Ir(1)-N(1)-C(6)                            -58.1(9)

     C(12)-Ir(1)-N(1)-C(6)                               11.1(3)

     N(1)#2-Ir(1)-N(1)-C(6)                             -80.4(3)

     N(1)#1-Ir(1)-N(1)-C(6)                            -172.4(3)

     C(2)-N(1)-C(6)-C(5)                                 -1.7(6)

     Ir(1)-N(1)-C(6)-C(5)                               170.6(4)

     C(2)-N(1)-C(6)-C(7)                                177.5(4)

     Ir(1)-N(1)-C(6)-C(7)                               -10.2(4)

     C(10)-C(11)-C(12)-C(7)                              -0.3(6)

     C(10)-C(11)-C(12)-Ir(1)                            177.0(3)

     C(12)#1-Ir(1)-C(12)-C(11)                           82.5(3)

     C(12)#2-Ir(1)-C(12)-C(11)                          -15.3(3)

     N(1)-Ir(1)-C(12)-C(11)                             173.2(3)

     N(1)#2-Ir(1)-C(12)-C(11)                           -95.2(3)

     N(1)#1-Ir(1)-C(12)-C(11)                           150.5(7)

     C(12)#1-Ir(1)-C(12)-C(7)                          -100.1(3)

     C(12)#2-Ir(1)-C(12)-C(7)                           162.0(3)

     N(1)-Ir(1)-C(12)-C(7)                               -9.5(3)

     N(1)#2-Ir(1)-C(12)-C(7)                             82.1(3)

     N(1)#1-Ir(1)-C(12)-C(7)                            -32.2(9)

     C(11)-C(12)-C(7)-C(8)                                3.0(6)

     Ir(1)-C(12)-C(7)-C(8)                             -174.7(4)

     C(11)-C(12)-C(7)-C(6)                             -175.2(3)

     Ir(1)-C(12)-C(7)-C(6)                                7.1(4)

     N(1)-C(6)-C(7)-C(8)                               -175.9(4)

     C(5)-C(6)-C(7)-C(8)                                  3.2(8)

     N(1)-C(6)-C(7)-C(12)                                 2.3(5)

     C(5)-C(6)-C(7)-C(12)                              -178.6(5)

     C(6)-N(1)-C(2)-C(3)                                  1.4(6)

     Ir(1)-N(1)-C(2)-C(3)                              -170.1(3)

     C(3)-C(4)-C(5)-C(6)                                  0.9(10)

     N(1)-C(6)-C(5)-C(4)                                  0.6(8)

     C(7)-C(6)-C(5)-C(4)                               -178.5(5)

     N(1)-C(2)-C(3)-C(4)                                  0.1(8)

     N(1)-C(2)-C(3)-C(13)                              -179.8(5)

     C(5)-C(4)-C(3)-C(2)                                 -1.2(9)

     C(5)-C(4)-C(3)-C(13)                               178.7(6)

     C(10)-C(9)-C(8)-C(7)                                 0.4(9)

     C(12)-C(7)-C(8)-C(9)                                -3.1(8)

     C(6)-C(7)-C(8)-C(9)                                175.0(5)

     C(8)-C(9)-C(10)-F(10)                             -179.3(5)

     C(8)-C(9)-C(10)-C(11)                                2.5(9)

     C(12)-C(11)-C(10)-F(10)                            179.2(4)

     C(12)-C(11)-C(10)-C(9)                              -2.5(8)

     C(2)-C(3)-C(13)-F(12)                              113.7(6)

     C(4)-C(3)-C(13)-F(12)                              -66.2(9)

     C(2)-C(3)-C(13)-F(11)                               -7.1(9)

     C(4)-C(3)-C(13)-F(11)                              173.0(6)

     C(2)-C(3)-C(13)-F(13)                             -127.8(6)

     C(4)-C(3)-C(13)-F(13)                               52.3(8)

   ________________________________________________________________

   Symmetry transformations used to generate equivalent atoms:

   #1 -y+1/2,-z,x-1/2    #2 z+1/2,-x+1/2,-y    
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