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Abstract

We  would  like  to  analyse  the  evolution  with  temperature  of  (R)-(-)-3-Quinuclidinol[CoCl4].  We  have  already  determined  the  existence  of  a  phase

change between RT and 100 K by using X-ray diffraction. This way, we could study the changes in the structure of this chiral compound with more

detail.
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Análisis 1. Crystal Structure Report for (Quinuclidinium)2[CoCl4] - 

RT 

Identification code (quinuclidinium)2[CoCl4] 

Chemical formula C14H28Cl4CoN2 

Formula weight 424.10 g/mol 

Temperature 299(2) K 

Wavelength 0.56086 Å 

Crystal system monoclinic 

Space group P 1 21/n 1 

Unit cell dimensions a = 9.6452(15) Å α = 90° 
 

b = 12.4497(19) Å β = 92.796(5)° 
 

c = 16.168(2) Å γ = 90° 

Volume 1939.1(5) Å3 
 

Z 4 

Density (calculated) 1.453 g/cm3 

Absorption coefficient 0.738 mm-1 

F(000) 880 
 

Theta range for data collection 1.63 to 18.15° 

Index ranges -10<=h<=10, -13<=k<=13, -17<=l<=17 

Reflections collected 9532 

Independent reflections 2772 [R(int) = 0.0632] 

Coverage of independent reflections 99.4% 

Absorption correction Multi-Scan 

Structure solution technique direct methods 

Structure solution program SHELXT 2014/5 (Sheldrick, 2014) 

Refinement method Full-matrix least-squares on F2 

Refinement program SHELXL-2018/3 (Sheldrick, 2018) 

Function minimized Σ w(Fo
2 - Fc

2)2 

Data / restraints / parameters 2772 / 0 / 190 

Goodness-of-fit on F2 1.039 

Final R indices 2078 data; I>2σ(I) R1 = 0.0484, wR2 = 0.1241  
all data R1 = 0.0679, wR2 = 0.1434 

Weighting scheme w=1/[σ2(Fo
2)+(0.0636P)2+2.2811P] where P=(Fo

2+2Fc
2)/3 

Largest diff. peak and hole 0.343 and -0.293 eÅ-3 

R.M.S. deviation from mean 0.071 eÅ-3 
 

Table 1. Bond lengths (Å) for 

(quinuclidinium)2[CoCl4] 

Co1-Cl1 2.2546(16) Co1-Cl4 2.2673(17) 

Co1-Cl3 2.2803(15) Co1-Cl2 2.2810(16) 

N1-C2 1.423(10) N1-C1 1.437(8) 

N1-C3 1.459(12) N2-C10 1.477(8) 

N2-C8 1.467(9) C2-C5 1.476(12) 

N2-C9 1.477(9) C4-C7 1.535(10) 

C1-C4 1.488(9) C6-C7 1.445(11) 

C3-C6 1.448(14) C9-C12 1.452(11) 

Table 2. Bond angles (°) for 

(quinuclidinium)2[CoCl4] 

Cl1-Co1-Cl4 113.26(7) Cl1-Co1-Cl3 110.31(7) 

Cl4-Co1-Cl3 106.81(6) Cl1-Co1-Cl2 105.75(7) 

Cl4-Co1-Cl2 112.86(7) Cl3-Co1-Cl2 107.75(6) 

C2-N1-C1 113.6(8) C2-N1-C3 107.4(8) 

C1-N1-C3 107.9(8) C8-N2-C9 108.7(6) 

C8-N2-C10 109.6(6) C6-C7-C5 109.8(7) 

C10-N2-C9 111.2(6) C5-C7-C4 107.7(7) 

N1-C1-C4 108.9(5) N2-C8-C11 110.4(5) 

N1-C2-C5 112.6(6) C12-C9-N2 110.6(6) 
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C6-C3-N1 110.4(7) N2-C10-C13 108.7(5) 

C1-C4-C7 108.8(6) C8-C11-C14 108.6(5) 

C7-C5-C2 107.1(6) C9-C12-C14 109.5(6) 

Análisis 2. Crystal Structure Report for (Quinuclidinium)2[CoCl4] -   

T = 100 K 

Identification code (quinuclidinium)2[CoCl4] 

Chemical formula C14H28Cl4CoN2 

Formula weight 425.11 g/mol 

Temperature 100(2) K 

Wavelength 0.56086 Å 

Crystal system monoclinic 

Space group P 1 21/n 1 

Unit cell dimensions a = 9.4413(3) Å α = 90° 
 

b = 12.1521(5) Å β = 93.5690(10)° 
 

c = 16.2434(7) Å γ = 90° 

Volume 1860.02(13) Å3 
 

Z 4 

Density (calculated) 1.518 g/cm3 

Absorption coefficient 0.770 mm-1 

F(000) 884 
 

Theta range for data collection 1.65 to 23.63° 

Index ranges -13<=h<=13, -17<=k<=17, -22<=l<=23 

Reflections collected 18631 

Independent reflections 5664 [R(int) = 0.0723] 

Coverage of independent reflections 99.6% 

Absorption correction Multi-Scan 

Structure solution technique direct methods 

Structure solution program SHELXT 2014/5 (Sheldrick, 2014) 

Refinement method Full-matrix least-squares on F2 

Refinement program SHELXL-2018/3 (Sheldrick, 2018) 

Function minimized Σ w(Fo
2 - Fc

2)2 

Data / restraints / parameters 5664 / 0 / 190 

Goodness-of-fit on F2 1.062 

Δ/σmax 0.001 

Final R indices 4430 data; I>2σ(I) R1 = 0.0434, wR2 = 0.0989  
all data R1 = 0.0602, wR2 = 0.1095 

Weighting scheme w=1/[σ2(Fo
2)+(0.0430P)2] where P=(Fo

2+2Fc
2)/3 

Largest diff. peak and hole 0.491 and -0.612 eÅ-3 

R.M.S. deviation from mean 0.121 eÅ-3 
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Table 3. Bond lengths (Å) for 

(quinuclidinium)2[CoCl4]. 

Co1-Cl1 2.2707(7) Co1-Cl2 2.2742(7) 

Co1-Cl3 2.2785(7) Co1-Cl4 2.2901(7) 

N1-C1 1.506(3) N1-C2 1.501(3) 

N2-C8 1.490(3) N2-C10 1.491(3) 

C1-C4 1.536(4) C4-C7 1.526(4) 

C3-C6 1.533(4) C6-C7 1.531(4) 

C5-C7 1.534(4) C8-C11 1.525(4) 

C9-C12 1.519(4) C10-C13 1.530(4) 

C11-C14 1.536(3) C12-C14 1.531(4) 

 

Table 4. Bond angles (°) for 

(quinuclidinium)2[CoCl4]. 

Cl1-Co1-Cl2 111.45(3) Cl1-Co1-Cl3 113.87(3) 

Cl2-Co1-Cl3 105.91(3) Cl1-Co1-Cl4 103.95(3) 

Cl2-Co1-Cl4 108.36(3) Cl3-Co1-Cl4 113.31(3) 

C3-N1-C2 110.1(2) C3-N1-C1 110.1(2) 

C2-N1-C1 109.5(2) C8-N2-C9 109.8(2) 

C8-N2-C10 110.8(2) C8-N2-H2 108.8 

C10-N2-C9 109.9(2) N1-C1-H1A 110.1 

C10-N2-H2 108.8 C7-C6-H6A 109.9 

 

Análisis 3. Crystal Structure Report for (Aminoquinuclidinium)[CoCl4] -   

RT 

Identification code (aminoquinuclidinium)[CoCl4] 

Chemical formula C7H16Cl4CoN2 

Formula weight 328.95 g/mol 

Temperature 297(2) K 

Wavelength 1.54178 Å 

Crystal size 0.050 x 0.100 x 0.100 mm 

Crystal habit clear light blue plate-like 

Crystal system monoclinic 

Space group P 1 21/c 1 

Unit cell dimensions a = 21.3808(10) Å α = 90°  
b = 7.4169(4) Å β = 105.792(3)°  
c = 17.3966(9) Å γ = 90° 

Volume 2654.6(2) Å3 
 

Z 8 

Density (calculated) 1.646 g/cm3 

Absorption coefficient 17.282 mm-1 

F(000) 1336 
 

Theta range for data collection 2.15 to 72.38° 

Index ranges -26<=h<=24, -9<=k<=9, -21<=l<=20 

Reflections collected 35203 

Independent reflections 5150 [R(int) = 0.0928] 

Coverage of independent reflections 98.1% 

Absorption correction Multi-Scan 

Max. and min. transmission 0.4790 and 0.2770 

Structure solution technique direct methods 

Structure solution program SHELXT 2014/5 (Sheldrick, 2014) 

Refinement method Full-matrix least-squares on F2 

Refinement program SHELXL-2018/3 (Sheldrick, 2018) 

Function minimized Σ w(Fo
2 - Fc

2)2 

Data / restraints / parameters 5150 / 0 / 253 

Goodness-of-fit on F2 1.108 
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Δ/σmax 0.001 

Final R indices 4104 data; 

I>2σ(I) 

R1 = 0.0594, wR2 = 0.1179 

 
all data R1 = 0.0800, wR2 = 0.1300 

Weighting scheme w=1/[σ2(Fo
2)+11.4528P] where P=(Fo

2+2Fc
2)/3 

Largest diff. peak and hole 1.156 and -0.747 eÅ-3 

R.M.S. deviation from mean 0.087 eÅ-3 

  

Table 5. Bond lengths (Å) for 

(aminoquinuclidinium)[CoCl4]. 

Co1-Cl3 2.2444(18) Co1-Cl2 2.2642(18) 

Co1-Cl4 2.2766(16) Co1-Cl1 2.2827(16) 

Co2-Cl6 2.2418(16) Co2-Cl5 2.2735(18) 

Co2-Cl8 2.2878(16) Co2-Cl7 2.2965(16) 

N1-C5 1.488(7) N1-C6 1.491(7) 

N1-C7 1.505(7) N3-C12 1.492(7) 

N2-C4 1.510(7) C1-C4 1.532(8) 

N3-C14 1.487(7) C3-C6 1.523(9) 

N3-C13 1.499(7) C8-C11 1.524(7) 

N4-C11 1.491(7) C10-C13 1.516(8) 

C1-C2 1.505(8) C1-C3 1.535(8) 

 

Table 6. Bond angles (°) for 

(aminoquinuclidinium)[CoCl4]. 

Cl3-Co1-Cl2 107.83(8) Cl3-Co1-Cl4 111.05(7) 

Cl2-Co1-Cl4 113.60(7) Cl3-Co1-Cl1 116.25(7) 

Cl2-Co1-Cl1 105.46(6) Cl4-Co1-Cl1 102.66(6) 

Cl6-Co2-Cl5 109.04(7) Cl6-Co2-Cl8 106.00(6) 

Cl5-Co2-Cl8 119.22(8) Cl6-Co2-Cl7 119.94(7) 

Cl5-Co2-Cl7 100.89(7) Cl8-Co2-Cl7 102.43(6) 

C5-N1-C6 110.0(5) C5-N1-C7 110.8(4) 

C6-N1-C7 110.3(5) C14-N3-C13 110.9(4) 

C14-N3-C12 110.5(4) C2-C1-C3 109.5(5) 

C12-N3-C13 110.5(5) N2-C4-C1 111.2(5) 

C12-N3-H3 108.3 C9-C8-C10 108.7(5) 

C2-C1-C4 110.3(5) N4-C11-C8 113.3(4) 

C4-C1-C3 106.0(5) C6-C3-C1 109.5(5) 

C1-C2-C5 110.1(5) N2-C4-C7 110.3(5) 

Análisis 4. Crystal Structure Report for (Aminoquinuclidinium)[CoCl4] -   

T = 100 K 

Identification code (aminoquinuclidinium)[CoCl4] 

Chemical formula C7H16Cl4CoN2 

Formula weight 328.95 g/mol 

Temperature 100(2) K 

Wavelength 1.54178 Å 

Crystal size 0.050 x 0.100 x 0.100 mm 

Crystal habit clear light blue plate-like 

Crystal system monoclinic 

Space group P 1 21/c 1 

Unit cell dimensions a = 21.1895(15) Å α = 90°  
b = 7.3617(5) Å β = 105.579(3)°  
c = 17.2624(11) Å γ = 90° 

Volume 2593.8(3) Å3 
 

Z 8 

Density (calculated) 1.685 g/cm3 

Absorption coefficient 17.687 mm-1 

F(000) 1336 
 

Theta range for data collection 4.33 to 72.73° 

Index ranges -25<=h<=26, -9<=k<=9, -21<=l<=21 

Reflections collected 28207 

Independent reflections 4893 [R(int) = 0.1134] 

Coverage of independent reflections 95.0% 
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Absorption correction Multi-Scan 

Max. and min. transmission 0.4720 and 0.2710 

Structure solution technique direct methods 

Structure solution program SHELXT 2014/5 (Sheldrick, 2014) 

Refinement method Full-matrix least-squares on F2 

Refinement program SHELXL-2018/3 (Sheldrick, 2018) 

Function minimized Σ w(Fo
2 - Fc

2)2 

Data / restraints / parameters 4893 / 0 / 253 

Goodness-of-fit on F2 1.325 

Final R indices 4125 data; I>2σ(I) R1 = 0.1205, wR2 = 0.2457  
all data R1 = 0.1421, wR2 = 0.2563 

Weighting scheme w=1/[σ2(Fo
2)+67.8916P] where P=(Fo

2+2Fc
2)/3 

Largest diff. peak and hole 0.997 and -0.997 eÅ-3 

R.M.S. deviation from mean 0.174 eÅ-3 

  
 

Table 7. Bond lengths (Å) for 

(aminoquinuclidinium)[CoCl4]. 

Co1-Cl3 2.256(4) Co1-Cl2 2.266(4) 

Co1-Cl4 2.269(3) Co1-Cl1 2.287(3) 

Co2-Cl6 2.250(3) Co2-Cl5 2.272(4) 

Co2-Cl8 2.292(3) Co2-Cl7 2.304(4) 

N1-C5 1.490(16) N1-C7 1.500(14) 

N1-C6 1.514(16) N3-C14 1.499(14) 

N2-C4 1.502(14) C1-C2 1.527(19) 

N3-C12 1.496(15) C3-C6 1.529(18) 

N3-C13 1.506(14) C8-C10 1.530(17) 

N4-C11 1.508(14) C10-C13 1.524(17) 

 

Table 8. Bond angles (°) for 

(aminoquinuclidinium)[CoCl4]. 

Cl3-Co1-Cl2 107.40(14) Cl3-Co1-Cl4 111.20(14) 

Cl2-Co1-Cl4 113.67(13) Cl3-Co1-Cl1 116.96(14) 

Cl2-Co1-Cl1 105.33(13) Cl4-Co1-Cl1 102.32(13) 

Cl6-Co2-Cl5 108.61(13) Cl6-Co2-Cl8 106.11(13) 

Cl5-Co2-Cl8 120.22(15) Cl6-Co2-Cl7 120.02(14) 

Cl5-Co2-Cl7 100.51(14) Cl8-Co2-Cl7 102.14(13) 

C5-N1-C7 110.1(9) C5-N1-C6 110.3(10) 

C12-N3-C14 109.6(9) C12-N3-C13 110.3(9) 

C14-N3-C13 111.6(9) C4-C1-C3 106.2(11) 

C4-C1-C2 110.2(11) N2-C4-C7 109.7(10) 

N2-C4-C1 112.0(10) C9-C8-C11 111.4(10) 

C1-C4-C7 110.1(9) N1-C6-C3 108.4(9) 

Análisis 5. Crystal Structure Report for ((R)-(-)-3-

Aminoquinuclidinium)2[CoCl4] -  T = 400 K 

Identification code ((R)-(-)-3-aminoquinuclidinium)2[CoCl4] 

Chemical formula C42H83Cl12Co3N6O6 

Formula weight 1370.33 g/mol 

Temperature 400(2) K 

Wavelength 1.54178 Å 

Crystal system orthorhombic 

Space group P n m a 

Unit cell dimensions a = 12.8461(13) Å α = 90°  
b = 9.8389(9) Å β = 90°  
c = 16.5685(18) Å γ = 90° 

Volume 2094.1(4) Å3 
 

Z 4 

Density (calculated) 4.346 g/cm3 

Absorption coefficient 33.574 mm-1 

F(000) 2840 
 

Theta range for data collection 4.36 to 43.93° 

Index ranges -9<=h<=11, -8<=k<=5, -12<=l<=14 
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Reflections collected 3290 

Independent reflections 822 [R(int) = 0.0554] 

Coverage of independent reflections 94.9% 

Absorption correction Multi-Scan 

Structure solution technique direct methods 

Structure solution program SHELXT 2014/5 (Sheldrick, 2014) 

Refinement method Full-matrix least-squares on F2 

Refinement program SHELXL-2018/3 (Sheldrick, 2018) 

Function minimized Σ w(Fo
2 - Fc

2)2 

Data / restraints / parameters 822 / 0 / 40 

Goodness-of-fit on F2 1.047 

Δ/σmax 0.003 

Final R indices 253 data; I>2σ(I) R1 = 0.2051, wR2 = 0.4573  
all data R1 = 0.2599, wR2 = 0.4828 

Weighting scheme w=1/[σ2(Fo
2)+(0.2000P)2] where P=(Fo

2+2Fc
2)/3 

Absolute structure parameter 0.000(13) 

Largest diff. peak and hole 0.558 and -0.971 eÅ-3 

R.M.S. deviation from mean 0.134 eÅ-3 
 

 

Table 9. Bond lengths (Å) for ((R)-(-)-

3-aminoquinuclidinium)2[CoCl4]. 

Co1-Cl1 2.255(10) Co1-Cl1 2.255(10) 

Co1-Cl2 2.264(14) Co1-Cl3 2.317(15) 

 

Table 10. Bond angles (°) for ((R)-(-)-3-

aminoquinuclidinium)2[CoCl4]. 

Cl1-Co1-Cl1 109.7(6) Cl1-Co1-Cl2 108.3(4) 

Cl1-Co1-Cl2 108.3(4) Cl1-Co1-Cl3 109.3(4) 

Cl1-Co1-Cl3 109.3(4) Cl2-Co1-Cl3 111.9(6) 

Análisis 6. Crystal Structure Report for ((R)-(-)-3-

Aminoquinuclidinium)2[CoCl4] -  RT 

Identification code ((R)-(-)-3-aminoquinuclidinium)2[CoCl4] 

Chemical formula C14H28Cl4CoN2O2 

Formula weight 457.11 g/mol 

Temperature 296(2) K 

Wavelength 1.54178 Å 

Crystal size 0.100 x 0.150 x 0.150 mm 

Crystal habit clear intense blue Prism  

Crystal system orthorhombic 

Space group P 21 21 21 

Unit cell dimensions a = 9.5688(2) Å α = 90°  
b = 12.9473(3) Å β = 90°  
c = 15.9128(3) Å γ = 90° 

Volume 1971.44(7) Å3 
 

Z 4 

Density (calculated) 1.540 g/cm3 

Absorption coefficient 11.888 mm-1 

F(000) 948 
 

Theta range for data collection 4.40 to 72.46° 

Index ranges -11<=h<=11, -15<=k<=15, -19<=l<=19 
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Reflections collected 15918 

Independent reflections 3757 [R(int) = 0.0441] 

Coverage of independent reflections 98.8% 

Absorption correction Multi-Scan 

Max. and min. transmission 0.3830 and 0.2690 

Structure solution technique direct methods 

Structure solution program SHELXT 2014/5 (Sheldrick, 2014) 

Refinement method Full-matrix least-squares on F2 

Refinement program SHELXL-2018/3 (Sheldrick, 2018) 

Function minimized Σ w(Fo
2 - Fc

2)2 

Data / restraints / parameters 3757 / 0 / 208 

Goodness-of-fit on F2 1.087 

Final R indices 3279 data; I>2σ(I) R1 = 0.0432, wR2 = 0.1063  
all data R1 = 0.0508, wR2 = 0.1107 

Weighting scheme w=1/[σ2(Fo
2)+(0.0386P)2+1.3655P] where P=(Fo

2+2Fc
2)/3 

Absolute structure parameter 0.026(6) 

Largest diff. peak and hole 0.758 and -0.767 eÅ-3 

R.M.S. deviation from mean 0.065 eÅ-3 

Table 11. Bond lengths (Å) ((R)-(-)-3-

aminoquinuclidinium)2[CoCl4]. 

Co1-Cl2 2.2576(13) Co1-Cl3 2.2640(13) 

Co1-Cl1 2.2857(19) Co1-Cl4 2.3000(19) 

O1-C4 1.430(8) O2-C11 1.429(12) 

N1-C6 1.481(8) N1-C7 1.492(6) 

N1-C5 1.501(8) N2-C12 1.498(11) 

N2-C14 1.454(10) C1-C2 1.519(10) 

N2-C13 1.501(14) C3-C6 1.507(10) 

C1-C3 1.518(11) C8-C11 1.514(15) 

C1-C4 1.528(7) C10-C13 1.469(18) 

C2-C5 1.507(10) C8-C9 1.518(14) 

C8-C10 1.486(15) C9-C12 1.464(15) 

 

Table 12. Bond angles (°) for ((R)-(-)-3-

aminoquinuclidinium)2[CoCl4]. 

Cl2-Co1-Cl3 113.94(5) Cl2-Co1-Cl1 110.61(8) 

Cl3-Co1-Cl1 108.06(8) Cl2-Co1-Cl4 105.70(8) 

Cl3-Co1-Cl4 111.67(8) Cl1-Co1-Cl4 106.64(7) 

C6-N1-C7 110.3(6) C6-N1-C5 109.8(4) 

C7-N1-C5 109.8(6) C14-N2-C13 109.0(6) 

C12-N2-C13 110.6(8) C3-C1-C4 108.1(6) 

C3-C1-C2 108.1(5) O1-C4-C1 110.9(5) 

C2-C1-C4 109.7(5) C10-C8-C9 108.6(11) 

O1-C4-C7 108.0(5) O2-C11-C8 109.3(7) 

C7-C4-C1 108.3(4) N1-C7-C4 110.0(4) 

N1-C5-C2 108.9(5) C10-C8-C11 106.1(8) 

N1-C6-C3 109.1(5) C11-C8-C9 110.5(7) 

Análisis 7. Crystal Structure Report for ((R)-(-)-3-

Aminoquinuclidinium)2[CoCl4] -  T = 100 K 

Identification code ((R)-(-)-3-aminoquinuclidinium)2[CoCl4] 

Chemical formula C42H84Cl12Co3N6O6 

Formula weight 1371.34 g/mol 

Temperature 100(2) K 

Wavelength 1.54178 Å 

Crystal system orthorhombic 

Space group P 21 21 21 

Unit cell dimensions a = 9.5314(12) Å α = 90°  
b = 15.705(2) Å β = 90°  
c = 38.490(5) Å γ = 90° 

Volume 5761.6(12) Å3 
 

Z 4 
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Density (calculated) 1.581 g/cm3 

Absorption coefficient 12.203 mm-1 

F(000) 2844 
 

Theta range for data collection 2.30 to 72.64° 

Index ranges -11<=h<=11, -19<=k<=19, -47<=l<=38 

Reflections collected 50126 

Independent reflections 11022 [R(int) = 0.0841] 

Coverage of independent reflections 98.5% 

Absorption correction Multi-Scan 

Structure solution technique direct methods 

Structure solution program SHELXT 2014/5 (Sheldrick, 2014) 

Refinement method Full-matrix least-squares on F2 

Refinement program SHELXL-2018/3 (Sheldrick, 2018) 

Function minimized Σ w(Fo
2 - Fc

2)2 

Data / restraints / parameters 11022 / 0 / 623 

Goodness-of-fit on F2 1.151 

Δ/σmax 0.001 

Final R indices 9067 data; I>2σ(I) R1 = 0.0968, wR2 = 0.2780  
all data R1 = 0.1156, wR2 = 0.3031 

Weighting scheme w=1/[σ2(Fo
2)+(0.1976P)2+6.4781P] where P=(Fo

2+2Fc
2)/3 

Absolute structure parameter 0.166(13) 

Largest diff. peak and hole 1.746 and -0.923 eÅ-3 

R.M.S. deviation from mean 0.250 eÅ-3 

Table 13. Bond lengths (Å) for ((R)-(-)-

3-aminoquinuclidinium)2[CoCl4]. 

Co1-Cl4 2.262(3) Co1-Cl3 2.266(3) 

Co1-Cl1 2.298(3) Co1-Cl2 2.303(3) 

Co2-Cl6 2.265(3) Co2-Cl7 2.261(3) 

Co2-Cl5 2.294(3) Co2-Cl8 2.314(3) 

Co3-Cl12 2.261(3) Co3-Cl11 2.260(3) 

Co3-Cl10 2.288(3) Co3-Cl9 2.312(3) 

O1-C3 1.442(13) O2-C10 1.433(13) 

O3-C17 1.416(12) O4-C24 1.421(15) 

O5-C31 1.439(17) O6-C38 1.389(17) 

N1-C7 1.502(13) N1-C5 1.493(12) 

N2-C12 1.483(14) N2-C14 1.510(14) 

N3-C21 1.496(13) N3-C19 1.499(13) 

N4-C26 1.493(13) N4-C27 1.489(15) 

N5-C35 1.489(13) N5-C33 1.496(13) 

N6-C41 1.42(2) N6-C40 1.51(2) 

C1-C2 1.514(15) C1-C3 1.538(14) 
 

Table 14. Bond angles (°) for ((R)-(-)-3-

aminoquinuclidinium)2[CoCl4] 

Cl4-Co1-Cl3 113.88(11) Cl4-Co1-Cl1 109.46(10) 

Cl3-Co1-Cl1 109.16(11) Cl4-Co1-Cl2 106.57(11) 

Cl3-Co1-Cl2 111.06(11) Cl1-Co1-Cl2 106.42(11) 

Cl6-Co2-Cl7 113.37(11) Cl6-Co2-Cl5 108.00(12) 

Cl7-Co2-Cl5 110.36(12) Cl6-Co2-Cl8 113.62(11) 

Cl7-Co2-Cl8 105.67(11) Cl5-Co2-Cl8 105.55(12) 

Cl12-Co3-Cl11 114.40(11) Cl12-Co3-Cl9 111.86(11) 

Cl11-Co3-Cl9 104.29(11) Cl10-Co3-Cl9 107.13(12) 

C7-N1-C5 110.3(8) C7-N1-C6 108.7(8) 

C12-N2-C14 110.1(9) C12-N2-C13 111.1(9) 

C14-N2-C13 110.1(8) C21-N3-C20 110.7(8) 

C21-N3-C19 110.9(8) C26-N4-C28 110.1(9) 

 










