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BVS calculations for compound 1, 2, 3 and 4. 

 

Compound 1 

 

Co1 

  Co
2+

   Co
3+

 

1.692 2.041 0.38936 1.7 2.041 0.39787 

1.692 2.065 0.36491 1.7 2.065 0.37288 

1.692 2.169 0.27549 1.7 2.169 0.28152 

1.692 2.193 0.25819 1.7 2.193 0.26383 

1.84 2.175 0.40438 1.84 2.175 0.40438 

1.84 2.196 0.38207 1.84 2.196 0.38207 

  2.0744   2.1026 

 

Co2 

  Co2+   Co3+ 

1.692 1.928 0.52843 1.7 1.928 0.53998 

1.692 1.958 0.48728 1.7 1.958 0.49793 

1.692 1.989 0.44812 1.7 1.989 0.45791 

1.692 2.449 0.12926 1.7 2.449 0.13208 

1.84 2.086 0.51434 1.84 2.086 0.51434 

  2.1074   2.1423 

 

Compound 2 

Mn1 

    Mn2+     Mn3+     Mn4+ 

1.765 2.343 0.20968 1.732 2.343 0.19179 1.75 2.343 0.20135 

1.765 1.956 0.59677 1.732 1.956 0.54585 1.75 1.956 0.57306 

1.765 2.154 0.34947 1.732 2.154 0.31965 1.75 2.154 0.33558 

1.765 1.935 0.63162 1.732 1.935 0.57773 1.75 1.935 0.60653 

1.765 1.909 0.67761 1.732 1.909 0.61979 1.75 1.909 0.65068 

1.765 1.911 0.67395 1.732 1.911 0.61645 1.75 1.911 0.64718 

  3.1391   2.8713   3.0144 

 

Mn2 
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    Mn2+     Mn3+     Mn4+ 

1.765 2.189 0.31792 1.732 2.189 0.2908 1.75 2.189 0.30529 

1.765 1.993 0.53998 1.732 1.993 0.49391 1.75 1.993 0.51853 

1.765 1.975 0.5669 1.732 1.975 0.51853 1.75 1.975 0.54438 

1.765 2.127 0.37592 1.732 2.127 0.34384 1.75 2.127 0.36098 

1.765 1.91 0.67578 1.732 1.91 0.61811 1.75 1.91 0.64893 

1.765 1.881 0.73087 1.732 1.881 0.66851 1.75 1.881 0.70184 

  3.2074   2.9337   3.08 

 

 

Mn3 

    Mn2+     Mn3+     Mn4+ 

1.765 1.889 0.71524 1.732 1.889 0.65421 1.75 1.889 0.68683 

1.765 2.065 0.4445 1.732 2.065 0.40657 1.75 2.065 0.42684 

1.765 2.196 0.31196 1.732 2.196 0.28535 1.75 2.196 0.29957 

1.765 1.827 0.84572 1.732 1.827 0.77356 1.75 1.827 0.81212 

1.849 2.077 0.53998 1.837 2.077 0.52275 1.822 2.077 0.50198 

1.849 2.096 0.51295 1.837 2.096 0.49659 1.822 2.096 0.47686 

  3.37   3.139   3.204 

 

Mn4 

    Mn2+     Mn3+     Mn4+ 

1.765 1.921 0.65598 1.732 1.921 0.60001 1.75 1.921 0.62992 

1.765 2.177 0.3284 1.732 2.177 0.30038 1.75 2.177 0.31536 

1.765 2.049 0.46414 1.732 2.049 0.42454 1.75 2.049 0.4457 

1.765 1.865 0.76317 1.732 1.865 0.69805 1.75 1.865 0.73285 

1.765 1.979 0.56081 1.732 1.979 0.51295 1.75 1.979 0.53853 

1.765 2.183 0.32312 1.732 2.183 0.29555 1.75 2.183 0.31028 

  3.0956   2.8315   2.9726 

 

Mn5 

    Mn2+     Mn3+     Mn4+ 

1.765 2.055 0.45667 1.732 2.055 0.41771 1.75 2.055 0.43853 

1.765 1.933 0.63505 1.732 1.933 0.58086 1.75 1.933 0.60982 

1.765 2.008 0.51853 1.732 2.008 0.47429 1.75 2.008 0.49793 

1.765 1.815 0.8736 1.732 1.815 0.79906 1.75 1.815 0.83889 

1.849 2.07 0.5503 1.837 2.07 0.53274 1.822 2.07 0.51157 

1.849 2.247 0.34107 1.837 2.247 0.33018 1.822 2.247 0.31706 

  3.375   3.1348   3.2134 

 

Compound 3 

Mn1 

    Mn2+     Mn3+     Mn4+ 
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1.765 1.852 0.790464 1.732 1.852 0.723016 1.75 1.852 0.759059 

1.765 1.918 0.661323 1.732 1.918 0.604894 1.75 1.918 0.635048 

1.765 1.946 0.613123 1.732 1.946 0.560807 1.75 1.946 0.588764 

1.765 1.986 0.550297 1.732 1.986 0.503341 1.75 1.986 0.528434 

1.765 2.22 0.292372 1.732 2.22 0.267424 1.75 2.22 0.280756 

1.765 2.249 0.270331 1.732 2.249 0.247264 1.75 2.249 0.259591 

    3.177909     2.906746     3.051652 

 

Mn2 

    Mn2+     Mn3+     Mn4+ 

1.765 1.883 0.726934 1.732 1.883 0.664907 1.75 1.883 0.698054 

1.765 1.908 0.67944 1.732 1.908 0.621465 1.75 1.908 0.652446 

1.765 1.933 0.635048 1.732 1.933 0.580861 1.75 1.933 0.609818 

1.765 1.966 0.580861 1.732 1.966 0.531298 1.75 1.966 0.557784 

1.765 2.141 0.361962 1.732 2.141 0.331077 1.75 2.141 0.347581 

1.765 2.311 0.228624 1.732 2.311 0.209116 1.75 2.311 0.219541 

    3.21287     2.938724     3.085224 

 

Mn3 

    Mn2+     Mn3+     Mn4+ 

1.765 1.81 0.885483 1.732 1.81 0.809927 1.75 1.81 0.850303 

1.765 1.928 0.643688 1.732 1.928 0.588764 1.75 1.928 0.618115 

1.849 2.063 0.560807 1.837 2.063 0.54291 1.822 2.063 0.521341 

1.849 2.109 0.495245 1.837 2.109 0.479441 1.822 2.109 0.460393 

1.765 2.123 0.380006 1.732 2.123 0.347581 1.75 2.123 0.364909 

1.765 2.216 0.29555 1.732 2.216 0.270331 1.75 2.216 0.283807 

    3.26078     3.038955     3.098868 

 

Mn4 

    Mn2+     Mn3+     Mn4+ 

1.765 1.886 0.721064 1.732 1.886 0.659538 1.75 1.886 0.692417 

1.765 1.894 0.705641 1.732 1.894 0.64543 1.75 1.894 0.677606 

1.765 1.939 0.624833 1.732 1.939 0.571518 1.75 1.939 0.600009 

1.765 1.947 0.611468 1.732 1.947 0.559293 1.75 1.947 0.587175 

1.765 2.234 0.281516 1.732 2.234 0.257495 1.75 2.234 0.270331 

1.765 2.298 0.2368 1.732 2.298 0.216594 1.75 2.298 0.227392 

    3.181322     2.909868     3.054929 

 

Mn5 

    Mn2+     Mn3+     Mn4+ 

1.765 1.849 0.796899 1.732 1.849 0.728902 1.75 1.849 0.765239 

1.765 1.933 0.635048 1.732 1.933 0.580861 1.75 1.933 0.609818 

1.849 2.059 0.566903 1.837 2.059 0.548812 1.822 2.059 0.527007 
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1.849 2.072 0.54733 1.837 2.072 0.529864 1.822 2.072 0.508813 

1.765 2.132 0.370874 1.732 2.132 0.339229 1.75 2.132 0.35614 

1.765 2.208 0.302009 1.732 2.208 0.27624 1.75 2.208 0.290011 

    3.219064     3.003907     3.057027 

 

Compound 4 

Mn1 

    Mn2+     Mn3+     Mn4+ 

1.765 2.155 0.348522 1.732 2.155 0.318783 1.75 2.155 0.334675 

1.765 2.155 0.348522 1.732 2.155 0.318783 1.75 2.155 0.334675 

1.765 2.2 0.30861 1.732 2.2 0.282277 1.75 2.2 0.296349 

1.849 2.245 0.342916 1.837 2.245 0.331973 1.822 2.245 0.318783 

1.765 2.262 0.260998 1.732 2.262 0.238728 1.75 2.262 0.250628 

1.765 2.262 0.260998 1.732 2.262 0.238728 1.75 2.262 0.250628 

    1.870566     1.729272     1.78574 

 

Mn2 

    Mn2+     Mn3+     Mn4+ 

1.765 2.104 0.40003 1.732 2.104 0.365896 1.75 2.104 0.384137 

1.765 2.104 0.40003 1.732 2.104 0.365896 1.75 2.104 0.384137 

1.765 2.311 0.228624 1.732 2.311 0.209116 1.75 2.311 0.219541 

1.849 2.211 0.37592 1.837 2.211 0.363924 1.822 2.211 0.349465 

1.765 2.311 0.228624 1.732 2.311 0.209116 1.75 2.311 0.219541 

1.765 2.464 0.151194 1.732 2.464 0.138293 1.75 2.464 0.145187 

    1.784423     1.652242     1.702008 

 

Mn3 

    Mn2+     Mn3+     Mn4+ 

1.765 1.927 0.64543 1.732 1.927 0.590357 1.75 1.927 0.619788 

1.765 1.935 0.631625 1.732 1.935 0.57773 1.75 1.935 0.606531 

1.765 1.95 0.606531 1.732 1.95 0.554777 1.75 1.95 0.582433 

1.765 2.25 0.269601 1.732 2.25 0.246597 1.75 2.25 0.25889 

1.765 2.298 0.2368 1.732 2.298 0.216594 1.75 2.298 0.227392 

1.765 1.863 0.76731 1.732 1.863 0.701837 1.75 1.863 0.736825 

    3.157297     2.887893     3.031858 

 

Mn4 

    Mn2+     Mn3+     Mn4+ 

1.765 1.91 0.675777 1.732 1.91 0.618115 1.75 1.91 0.648929 

1.765 1.91 0.675777 1.732 1.91 0.618115 1.75 1.91 0.648929 

1.765 1.937 0.62822 1.732 1.937 0.574616 1.75 1.937 0.603261 

1.849 2.279 0.312809 1.837 2.279 0.302827 1.822 2.279 0.290795 

1.765 1.937 0.62822 1.732 1.937 0.574616 1.75 1.937 0.603261 
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1.765 2.288 0.243287 1.732 2.288 0.222528 1.75 2.288 0.233621 

    3.16409     2.910815     3.028796 

 

Mn5 

    Mn2+     Mn3+     Mn4+ 

1.765 2.149 0.35422 1.732 2.149 0.323995 1.75 2.149 0.340147 

1.765 2.201 0.307777 1.732 2.201 0.281516 1.75 2.201 0.29555 

1.765 2.265 0.25889 1.732 2.265 0.2368 1.75 2.265 0.248605 

1.849 2.268 0.322248 1.837 2.268 0.311965 1.822 2.268 0.299571 

1.765 2.265 0.25889 1.732 2.265 0.2368 1.75 2.265 0.248605 

1.765 2.149 0.35422 1.732 2.149 0.323995 1.75 2.149 0.340147 

    1.856246     1.71507     1.772622 

 

Mn6 

    Mn2+     Mn3+     Mn4+ 

1.765 1.867 0.759059 1.732 1.867 0.69429 1.75 1.867 0.728902 

1.765 1.928 0.643688 1.732 1.928 0.588764 1.75 1.928 0.618115 

1.765 1.943 0.618115 1.732 1.943 0.565373 1.75 1.943 0.593557 

1.765 1.943 0.618115 1.732 1.943 0.565373 1.75 1.943 0.593557 

1.765 2.264 0.259591 1.732 2.264 0.237441 1.75 2.264 0.249277 

1.765 2.378 0.190757 1.732 2.378 0.17448 1.75 2.378 0.183178 

    3.089325     2.82572     2.966586 

 

Mn7 

    Mn2+     Mn3+     Mn4+ 

1.765 2.09 0.415456 1.732 2.09 0.380006 1.75 2.09 0.39895 

1.765 2.216 0.29555 1.732 2.216 0.270331 1.75 2.216 0.283807 

1.765 2.216 0.29555 1.732 2.216 0.270331 1.75 2.216 0.283807 

1.849 2.201 0.386219 1.837 2.201 0.373894 1.822 2.201 0.359039 

1.765 2.395 0.18219 1.732 2.395 0.166645 1.75 2.395 0.174952 

1.765 2.09 0.415456 1.732 2.09 0.380006 1.75 2.09 0.39895 

    1.99042     1.841213     1.899506 

 

Mn8 

    Mn2+     Mn3+     Mn4+ 

1.765 1.924 0.650685 1.732 1.924 0.595164 1.75 1.924 0.624833 

1.765 1.924 0.650685 1.732 1.924 0.595164 1.75 1.924 0.624833 

1.765 1.939 0.624833 1.732 1.939 0.571518 1.75 1.939 0.600009 

1.849 2.233 0.35422 1.837 2.233 0.342916 1.822 2.233 0.329292 

1.765 1.939 0.624833 1.732 1.939 0.571518 1.75 1.939 0.600009 

1.765 2.347 0.207428 1.732 2.347 0.189728 1.75 2.347 0.199187 

    3.112684     2.866007     2.978163 
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O         Sum 

O17 0.30861 0.590357 0.590357   1.489325 

O18 0.151194 0.701837 0.701837 0.222528 1.777396 

O19 0.69429 0.69429 0.18219 0.189728 1.7605 

O20 0.307777 0.565373 0.565373   1.438523 

 

 

Fig. S1 Packing diagram of 1 viewed along a-axis. 

 

Fig. S2 Inorganic core of compound 3. 
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Fig. S3 Temperature dependence of χM (○) and χMT (□) values for 3. The solid lines correspond 

to the best-fit curves using the parameters described in the text. 

 

Fig. S4 1/χM versus T for 4. 
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Fig. S5 Plots of ac susceptibility versus temperature for 4. 

 
Fig. S6 Field dependent magnetization for 2 at 2 K. 
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Fig. S7 Field dependent magnetization for 3 at 2 K.  

 

Table S1 Selected bond lengths and angles for 1 

Co1-O2 2.041(2) Co2-O6A 1.928(3) 

Co1-O4 2.065(2) Co2-O1 1.958(2) 

Co1-O7A 2.169(3) Co2-O8 1.989(3) 

Co1-N1 2.175(3) Co2-N3 2.086(3) 

Co1-O9 2.193(3) Co2-O7 2.449(1) 

Co1-N2 2.196(3) P2-O5 1.548(3) 

O2-Co1-O4 179.29(10) O7A-Co1-N1 92.05(13) 

O2-Co1-O7A 93.02(11) O7A-Co1-N2 175.61(12) 

O2-Co1-O9 87.23(10) O1-Co2-O8 108.91(12) 

O2-Co1-N1 90.22(11) O1-Co2-N3 104.20(12) 

O2-Co1-N2 91.25(120 O1-Co2-O6A 114.49(12) 

O4-Co1-O9 92.14(11) O8-Co2-N3 96.46(15) 

O4-Co1-N1 90.40(12) O8-Co2-O6A 128.18(13) 

O4-Co1-N2 89.14(14) O6A-Co2-N3 98.97(15) 

O4-Co1-O7A 86.61(13) O7-Co2-O8 57.62(1) 

O9-Co1-N1 177.41(11) O7-Co2-O6A 92.04(2) 

O9-Co1-N2 93.66(13) O7-Co2-O1 93.76(2) 

O7A-Co1-O9 87.59(12) O7-Co2-N3 152.60(3) 

N1-Co1-N2 86.88(14)   

 

 

Table S2 Selected bond lengths and angles for 2 

Mn1-O1 2.343(3) Mn3-O19 1.827(2) 

Mn1-O7 1.956(3) Mn3-N1 2.077(3) 

Mn1-O10 2.154(3) Mn3-N2 2.096(3) 

Mn1-O12 1.935(3) Mn4-O4 1.921(2) 

Mn1-O18 1.909(2) Mn4-O9 2.177(3) 

Mn1-O19 1.911(2) Mn4-O17 2.049(3) 

Mn2-O1 2.189(3) Mn4-O18 1.865(2) 
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Mn2-O8 1.993(3) Mn4-O19 1.979(2) 

Mn2-O13 1.975(3) Mn4-O20 2.183(3) 

Mn2-O15 2.127(3) Mn5-O3 2.055(3) 

Mn2-O18 1.910(2) Mn5-O5 1.933(3) 

Mn2-O20 1.881(3) Mn5-O14 2.008(3) 

Mn3-O2 1.889(3) Mn5-O20 1.815(2) 

Mn3-O6 2.065(3) Mn5-N3 2.070(3) 

Mn3-O11 2.196(3) Mn5-N4 2.247(3) 

O1-Mn1-O7 87.62(10) O1-Mn2-O8 84.28(10) 

O1-Mn1-O10 166.90(10) O1-Mn2-O13 91.22(10) 

O1-Mn1-O12 97.91(10) O1-Mn2-O15 170.68(11) 

O1-Mn1-O18 81.08(10) O1-Mn2-O18 85.23(10) 

O1-Mn1-O19 83.62(10) O1-Mn2-O20 91.56(11) 

O7-Mn1-O10 96.90(11) O8-Mn2-O13 86.20(11) 

O7-Mn1-O12 84.08(11) O8-Mn2-O15 86.56(11) 

O7-Mn1-O18 91.08(11) O8-Mn2-O18 90.67(10) 

O7-Mn1-O19 170.69(11) O8-Mn2-O20 172.56(12) 

O10-Mn1-O12 94.79(11) O13-Mn2-O15 86.45(11) 

O10-Mn1-O18 86.53(10) O13-Mn2-O18 175.49(11) 

O10-Mn1-O19 91.00(10) O13-Mn2-O20 100.09(11) 

O12-Mn1-O18 175.10(11) O15-Mn1-O18 96.61(11) 

O12-Mn1-O19 100.21(11) O15-Mn1-O20 97.73(11) 

O18-Mn1-O19 84.48(10) O18-Mn1-O20 82.82(10) 

O2-Mn3-O6 98.83(11) O4-Mn4-O9 96.75(10) 

O2-Mn3-O11 90.20(11) O4-Mn4-O17 92.82(11) 

O2-Mn3-O19 96.07(11) O4-Mn4-O18 172.33(11) 

O2-Mn3-N1 89.87(12) O4-Mn4-O19 91.65(10) 

O2-Mn3-N2 166.77(12) O4-Mn4-O20 99.17(10) 

O6-Mn3-O11 165.58(11) O9-Mn4-O17 84.67(10) 

O6-Mn3-O19 96.05(11) O9-Mn4-O18 89.06(10) 

O6-Mn3-N1 88.09(12) O9-Mn4-O19 85.94(10) 

O6-Mn3-N2 86.84(11) O9-Mn4-O20 161.01(10) 

O11-Mn3-O19 94.13(10) O17-Mn4-O18 92.70(11) 

O11-Mn3-N1 80.67(12) O17-Mn4-O19 170.02(10) 

O11-Mn3-N2 82.08(11) O17-Mn4-O20 84.26(10) 

O19-Mn3-N1 172.14(12) O18-Mn4-O19 83.74(10) 

O19-Mn3-N2 95.20(11) O18-Mn4-O20 76.10(10) 

N1-Mn3-N2 78.32(13) O19-Mn4-O20 103.83(10) 

O3-Mn5-O5 99.12(11) O5-Mn5-N4 84.08(12) 

O3-Mn5-O14 89.06(11) O14-Mn5-O20 96.23(12) 

O3-Mn5-O20 94.94(11) O14-Mn5-N3 83.45(12) 

O3-Mn5-N3 91.50(12) O14-Mn5-N4 85.61(12) 

O3-Mn5-N4 166.92(11) O20-Mn5-N3 173.55(12) 
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O5-Mn5-O14 166.43(12) O20-Mn5-N4 97.51(11) 

O5-Mn5-O20 93.85(11) N3-Mn5-N4 76.05(12) 

O5-Mn5-N3 85.52(12) Mn2-O18-Mn4 105.48(11) 

Mn1-O1-Mn2 84.33(9) Mn2-O20-Mn4 95.06(10) 

Mn1-O18-Mn2 105.73(11) Mn2-O20-Mn5 123.89(13) 

Mn1-O18-Mn4 97.21(11) Mn3-O19-Mn4 136.56(14) 

Mn1-O19-Mn3 125.67(13) Mn4-O20-Mn5 129.95(14) 

Mn1-O19-Mn4 93.40(10)   

 

Table S3 Selected bond lengths and angles for 3 

Mn1-O1 2.249(2) Mn3-O19 1.810(2) 

Mn1-O7 1.986(3) Mn3-N1 2.063(3) 

Mn1-O10 2.220(2) Mn3-N2 2.109(3) 

Mn1-O12 1.946(3) Mn4-O4 1.894(3) 

Mn1-O18 1.918(3) Mn4-O9 1.947(3) 

Mn1-O19 1.852(3) Mn4-O17 2.234(3) 

Mn2-O1 2.311(3) Mn4-O18 1.886(2) 

Mn2-O8 1.966(3) Mn4-O19 2.298(3) 

Mn2-O13 1.933(3) Mn4-O20 1.939(3) 

Mn2-O15 2.141(3) Mn5-O3 1.934(3) 

Mn2-O18 1.884(2) Mn5-O5 2.132(3) 

Mn2-O20 1.908(3) Mn5-O14 2.208(3) 

Mn3-O2 1.928(3) Mn5-O20 1.849(2) 

Mn3-O6 2.123(3) Mn5-N3 2.059(3) 

Mn3-O11 2.216(3) Mn5-N4 2.072(3) 

O1-Mn1-O7 87.00(10) O1-Mn2-O8 89.07(10) 

O1-Mn1-O10 175.07(10) O1-Mn2-O13 91.69(10) 

O1-Mn1-O12 90.58(10) O1-Mn2-O15 174.58(10) 

O1-Mn1-O18 84.77(10) O1-Mn2-O18 83.82(10) 

O1-Mn1-O19 92.37(11) O1-Mn2-O20 84.69(10) 

O7-Mn1-O10 88.07(11) O8-Mn2-O13 86.45(11) 

O7-Mn1-O12 85.65(11) O8-Mn2-O15 93.22(11) 

O7-Mn1-O18 87.37(11) O8-Mn2-O18 88.10(11) 

O7-Mn1-O19 173.07(11) O8-Mn2-O20 170.38(11) 

O10-Mn1-O12 88.97(11) O13-Mn2-O15 93.36(11) 

O11-Mn1-O18 95.07(11) O13-Mn2-O18 173.00(11) 

O10-Mn1-O19 92.53(11) O13-Mn2-O20 101.01(11) 

O12-Mn1-O18 171.80(11) O15-Mn2-O18 91.34(11) 

O12-Mn1-O19 101.26(11) O15-Mn2-O20 92.39(11) 

O18-Mn1-O19 85.71(11) O18-Mn2-O20 83.97(11) 

O2-Mn3-O6 102.41(11) O4-Mn4-O9 98.79(11) 

O2-Mn3-O11 86.13(11) O4-Mn4-O17 170.58(11) 

O2-Mn3-O19 96.87(11) O4-Mn4-O18 99.08(10) 
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O2-Mn3-N1 89.44(12) O4-Mn4-O19 91.10(11) 

O2-Mn3-N2 164.92(12) O4-Mn4-O20 83.99(12) 

O6-Mn3-O11 165.05(10) O9-Mn4-O17 86.80(11) 

O6-Mn3-O19 94.65(11) O9-Mn4-O18 98.62(11) 

O6-Mn3-N1 83.85(11) O9-Mn4-O19 88.25(10) 

O6-Mn3-N2 86.67(11) O9-Mn4-O20 171.20(12) 

O11-Mn3-O19 96.50(10) O17-Mn4-O18 88.05(10) 

O11-Mn3-N1 83.99(12) O17-Mn4-O19 161.29(9) 

O11-Mn3-N2 82.59(12) O17-Mn4-O20 84.62(10) 

O19-Mn3-N1 173.69(12) O18-Mn4-O19 74.87(10) 

O19-Mn3-N2 94.32(12) O18-Mn4-O20 83.06(11) 

N1-Mn3-N2 79.49(12) O19-Mn4-O20 100.51(10) 

O3-Mn5-O5 100.07(11) O5-Mn5-N4 85.89(11) 

O3-Mn5-O14 85.96(10) O14-Mn5-O20 94.46(11) 

O3-Mn5-O20 95.37(12) O14-Mn5-N3 82.25(11) 

O3-Mn5-N3 88.24(12) O14-Mn5-N4 85.95(11) 

O3-Mn5-N4 166.43(12) O20-Mn5-N3 174.95(12) 

O5-Mn5-O14 167.25(10) O20-Mn5-N4 96.10(12) 

O5-Mn5-O20 96.13(10) N3-Mn5-N4 79.88(12) 

O5-Mn5-N3 86.69(11) Mn2-O18-Mn4 97.02(11) 

Mn1-O1-Mn2 83.15(9) Mn2-O20-Mn4 94.44(11) 

Mn1-O18-Mn2 105.52(13) Mn2-O20-Mn5 125.40(14) 

Mn1-O18-Mn4 105.79(11) Mn3-O19-Mn4 127.78(12) 

Mn1-O19-Mn4 93.34(10) Mn4-O20-Mn5 137.53(14) 

Mn1-O19-Mn3 125.52(15)   

 

Table S4 Selected bond lengths and angles for 4 

Mn1-O1 2.262(3) Mn5-O1 2.265(3) 

Mn1-O13 2.155(3) Mn5-O15 2.149(3) 

Mn1-O17 2.200(3) Mn5-O20 2.201(3) 

Mn1-N7 2.245(4) Mn5-N6 2.268(4) 

Mn2-O4 2.104(2) Mn6-O2 1.928(2) 

Mn2-O14 2.311(3) Mn6-O7 2.264(3) 

Mn2-O18 2.464(4) Mn6-O10 1.943(3) 

Mn2-N10 2.211(5) Mn6-O16 2.378(3) 

Mn3-O3 1.951(2) Mn6-O19 1.867(2) 

Mn3-O5 1.935(3) Mn6-O20 1.943(2) 

Mn3-O7 2.298(3) Mn7-O11 2.090(2) 

Mn3-O14 2.251(3) Mn7-O16 2.216(3) 

Mn3-O17 1.927(2) Mn7-O19 2.395(4) 

Mn3-O18 1.863(2) Mn7-N5 2.201(5) 

Mn4-O6 1.937(3) Mn8-O9 1.924(3) 

Mn4-O8 1.910(3) Mn8-O12 1.939(3) 
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Mn4-O18 2.288(3) Mn8-O19 2.347(4) 

Mn4-N9 2.279(4) Mn8-N8 2.233(4) 

O1-Mn1-O13 89.88(9) O4-Mn2-O14 86.78(9) 

O1-Mn1-O17 78.43(9) O4-Mn2-O18 84.00(9) 

O1-Mn1-N7 99.79(12) O4-Mn2-N10 89.79(11) 

O1-Mn1-O1A 87.95(10) O4-Mn2-O4A 99.74(10) 

O1-Mn1-O13A 176.67(10) O4-Mn2-O14A 158.19(11) 

O13-Mn1-O17 103.62(9) O14-Mn2-O18 75.96(9) 

O13-Mn1-N7 78.08(11) O14-Mn2-N10 111.16(12) 

O13-Mn1-O13A 92.17(11) O14-Mn2-O14A 80.17(9) 

O17-Mn1-N7 177.48(17) O18-Mn2-N10 170.34(15) 

O3-Mn3-O5 97.74(10) O6-Mn4-O8 88.58(11) 

O3-Mn3-O7 87.99(10) O6-Mn4-O18 85.88(10) 

O3-Mn3-O14 83.26(10) O6-Mn4-N9 91.77(12) 

O3-Mn3-O17 91.76(11) O6-Mn4-O6A 90.35(11) 

O3-Mn3-O18 171.39(12) O6-Mn4-O8A 178.36(12) 

O5-Mn3-O7 98.52(10) O8-Mn4-O18 95.28(10) 

O5-Mn3-O14 85.94(11) O8-Mn4-N9 87.02(12) 

O5-Mn3-O17 168.69(12) O8-Mn4-O8A 92.46(12) 

O5-Mn3-O18 88.01(11) O18-Mn4-N9 176.67(16) 

O7-Mn3-O14 170.66(10) O1-Mn5-O15 88.37(10) 

O7-Mn3-O17 87.89(12) O1-Mn5-O20 77.94(10) 

O7-Mn3-O18 97.54(12) O1-Mn5-N6 94.11(11) 

O14-Mn3-O17 89.12(12) O1-Mn5-O1A 87.78(10) 

O14-Mn3-O18 90.79(13) O1-Mn5-O15A 175.31(10) 

O17-Mn3-O18 81.89(11) O15-Mn5-O20 103.85(10) 

O2-Mn6-O7 88.57(10) O15-Mn5-N6 83.50(10) 

O2-Mn6-O10 97.44(11) O15-Mn5-O15A 95.35(11) 

O2-Mn6-O16 85.54(10) O20-Mn5-N6 168.85(16) 

O2-Mn6-O19 168.79(13) O9-Mn8-O12 87.12(11) 

O2-Mn6-O20 90.93(11) O9-Mn8-O19 95.23(10) 

O7-Mn6-O10 97.56(10) O9-Mn8-N8 87.16(12) 

O7-Mn6-O16 173.69(10) O9-Mn8-O9A 91.13(12) 

O7-Mn6-O19 99.28(130 O9-Mn8-O12A 178.22(12) 

O7-Mn6-O20 87.64(13) O12-Mn8-O19 85.26(10) 

O10-Mn6-O16 85.47(10) O12-Mn8-N8 92.42(12) 

O10-Mn6-O19 89.49(12) O12-Mn8-O12A 94.63(12) 

O10-Mn6-O20 170.23(12) O19-Mn8-N8 176.57(17) 

O16-Mn6-O19 86.25(13) O9A-Mn8-O19 95.23(10) 

O16-Mn6-O20 90.18(13) O12A-Mn8-O19 85.26(10) 

O19-Mn6-O20 81.48(12) O9A-Mn8-N8 87.16(12) 

O11-Mn7-O16 85.10(9) Mn1-O1-Mn5 91.51(8) 

O11-Mn7-O19 84.45(9) Mn3-O7-Mn6 119.62(16) 
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O11-Mn7-N5 96.99(10) Mn2-O14-Mn3 93.00(10) 

O11-Mn7-O11A 102.96(10) Mn6-O16-Mn7 92.30(10) 

O11-Mn7-O16A 160.52(11) Mn1-O17-Mn3 117.91(12) 

O16-Mn7-O19 78.66(10) Mn3-O17-Mn3A 95.82(15) 

O16-Mn7-N5 99.62(11) Mn2-O18-Mn3 98.83(12) 

O16A-Mn7-O16 82.16(11) Mn2-O18-Mn4 120.05(15) 

O19-Mn7-N5 177.68(14) Mn3-O18-Mn4 117.50(11) 

Mn6A-O19-Mn7 101.40(13) Mn3-O18-Mn3A 100.31(16) 

Mn6A-O19-Mn8 115.49(13) Mn6-O19-Mn7 101.40(13) 

Mn5-O20-Mn6 117.20(13) Mn6-O19-Mn8 115.49(13) 

Mn6-O20-Mn6A 95.71(15) Mn6-O19-Mn6A 101.01(18) 

Mn7-O19-Mn8 119.32(16)   
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