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Table S1 Energy levels (cm™) of ligand field multiplets in zero magnetic field derived from CASSCF/NEVPT2

calculations for 1 and for I-V.

1 I 11 111 v \

0: 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

I: 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

2: 40.1000 94.6257 232.3152 244.7170 218.9037 86.6385
3: 40.1000 94.6257 232.3152 244.7170 218.9037 86.6385
4: 1863.5883 1446.7049 731.8815 565.5706 554.5198 2210.0992
5: 1863.5883 1446.7049 731.8815 565.5706 554.5198 2210.0992
6: 2056.1053 1577.1244 1017.2286 870.5264 823.8131 2605.8479
7: 2056.1053 1577.1244 1017.2286 870.5264 823.8131 2605.8479
8: 3285.8831 3342.5351 2708.4632 2639.5543 2456.9723 3191.6720
9: 3285.8831 3342.5351 2708.4632 2639.5543 2456.9723 3191.6720
10: 3533.7953 3427.1128 2767.8466 2704.9463 2501.9102 3453.9865
11: 3533.7953 3427.1128 2767.8466 2704.9463 2501.9102 3453.9865
12: 3891.9764 5895.7725 5079.4861 3863.9853 3951.1400 4736.3564
13: 3891.9764 5895.7725 5079.4861 3863.9853 3951.1400 4736.3564
14: 4076.5071 6002.1186 5186.9811 3996.7046 4073.7580 4787.1227
15: 4076.5071 6002.1186 5186.9811 3996.7046 4073.7580 4787.1227
16: 6104.9803 8525.1204 7238.5843 6953.0228 7339.6499 6028.6941
17: 6104.9803 8525.1204 7238.5843 6953.0228 7339.6499 6028.6941
18: 6194.0892 8587.3186 7312.1915 7030.3683 7405.1515 6083.6936
19: 6194.0892 8587.3186 7312.1915 7030.3683 7405.1515 6083.6936
20: 10258.0176 10284.5214 9205.2174 8363.1561 8473.9062 12357.7666
21: 10258.0176 10284.5214 9205.2174 8363.1561 8473.9062 12357.7666
22: 10431.3709 10351.7738 9312.3811 8486.9626 8599.5394 12624.6367
23: 10431.3709 10351.7738 9312.3811 8486.9626 8599.5394 12624.6367
24: 12047.0808 10619.9712 12225.4299 12107.8500 11826.1176 12907.8699
25: 12047.0808 10619.9712 12225.4299 12107.8500 11826.1176 12907.8699
26: 12143.6103 15248.8101 13420.3546 12132.1577 12807.4835 13551.8622
27: 12143.6103 15248.8101 13420.3546 12132.1577 12807.4835 13551.8622
28: 13266.1283 15381.1965 13441.4726 12765.8144 12825.4142 13816.4989
29: 13266.1283 15381.1965 13441.4726 12765.8144 12825.4142 13816.4989
30: 14942.8712 15538.0319 15245.8550 16128.3654 15774.4563 13911.5961
31: 14942.8712 15538.0319 15245.8550 16128.3654 15774.4563 13911.5961
32: 17973.8348 16046.2701 16387.9994 16428.8554 16354.0567 17268.1753
33: 17973.8348 16046.2701 16387.9994 16428.8554 16354.0568 17268.1753
34: 18746.4925 17281.8455 17901.2192 17357.4736 16762.0801 18117.3405
35: 18746.4925 17281.8455 17901.2192 17357.4736 16762.0801 18117.3405
36: 19103.3554 18770.5617 18518.8776 18588.3686 18759.3075 19922.9373
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60663.4620
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62119.1714
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39782.4147
40399.5246
40399.5246
41100.7158
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42240.3537
42240.3537
42601.0392
42601.0392
60128.5845
60128.5845
60414.5437
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61682.8617
61682.8617
62632.1377
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63358.5766
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64108.0696
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42484.0850
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42658.4884
42658.4884
42883.4304
42883.4304
43057.6601
43057.6601
43532.4060
43532.4060
61169.4200
61169.4200
61530.5179
61530.5179
63393.1159
63393.1159
63648.2579
63648.2580
64203.2338
64203.2338




Table S2. Individual contributions to D-tensor for 1 calculated by CASSCF/NEVPT2.

Multiplicity | Root D E

4 0 0.000 0.000

4 1 -21.647 | -3.526
4 2 -0.019 -0.211
4 3 -5.303 -8.866
4 4 7.957 6.140
4 5 -0.189 -0.113
4 6 0.340 0.244
4 7 0.001 -0.000
4 8 0.047 0.015
4 9 -0.045 -0.012
2 0 -0.153 0.375
2 1 0.554 0.055
2 2 -0.292 -0.183
2 3 0.410 0.266
2 4 0.073 -0.001
2 5 0.100 0.047
2 6 3.647 0.004
2 7 -1.710 1.620
2 8 -2.591 -1.886
2 9 -0.015 -0.007
2 10 0.003 0.019
2 11 0.003 0.003
2 12 -0.008 -0.006
2 13 0.034 0.020
2 14 0.240 0.008
2 15 -0.023 0.122
2 16 0.112 0.083
2 17 0.066 0.002
2 18 -0.001 0.002
2 19 0.030 -0.003
2 20 -0.204 -0.247
2 21 -0.063 -0.081
2 22 -0.546 -0.547
2 23 -0.188 0.046
2 24 -0.550 0.397
2 25 0.687 -0.001
2 26 0.032 0.042
2 27 -0.037 -0.075
2 28 0.143 0.070
2 29 0.116 -0.009
2 30 -0.037 0.026
2 31 -0.073 -0.055
2 32 -0.011 0.015
2 33 -0.008 0.004
2 34 0.001 0.004
2 35 0.001 0.000
2 36 -0.036 -0.022
2 37 -0.007 0.010
2 38 0.012 0.002
2 39 0.014 0.008




Table S3. Individual contributions to D-tensor for I-V calculated by CASSCF/NEVPT2.

I I I IV
Multiplicity | Root | D E D E D E D E D E
4 0 [-0.000 |[-0.000 | -0.000 |-0.000| 0.000 |-0.000| 0.000 |-0.000 |0.000 [-0.000
4 1 |-65702 | 0.093 | -113.846 | -0.131 | -123.541 | -0.267 | -128.718 | -0.077 | 9.009 | 9.009
4 2 10.128 | -10.123 | 2.132 |-3.223 | -0.203 |-1.171 | 18.705 | -15.975 | -0.042 | -0.136
4 3 3.032 | -3.019 | -9.905 |-4.074 | -11.920 | -5.665 | 0371 | 2.422 | 13.570 | 13.570
4 4 5194 | 5864 | 3595 |-6.822| 2760 |-6.677 | 1314 | 1.967 | 13.050 | -13.056
4 5 1308 | -1312 | 0.017 | 0.017 | 0.078 |-0.087 | 4981 | 2.850 |-0.015 | -0.000
4 6 0.159 | 0.198 | 0.017 | 0.017 | 0082 |-0.009 | 0211 | 0.034 | 0.005 | 0.005
4 7 0.004 | -0.004 | 0.089 |-0.097 | 0076 |-0.092| 0.021 | 0.014 | 0.012 | 0.012
4 8 0.009 | 0.037 | 0.000 | 0.000 | -0.001 |[-0.001| -0.003 | 0.012 | 0.146 | -0.147
4 9 0.035 | -0.035 | -0.090 |-0.003| -0.066 |-0.008 | -0.004 | -0.017 | 0.094 | 0.094
2 0 0.694 | -1.378 | -1211 |-1211| -1.034 |-1.038 | 2214 | 0498 |-0.000 | -0.000
2 1 0217 | 0226 | -2322 |-2322| -0.071 |-0.163| 0.731 | -0.041 | 0.514 | 0.008
2 2 1.486 | -0.135 | -0.179 |-0.179 | -1.695 |-1.744 | 0.036 | -0.040 | 2.960 | 0.000
2 3 1.781 | -0.048 | 0269 | 0.022 | 0274 | 0.058 | 0574 | 0.579 |-0.000 | -0.000
2 4 -0.115 | 0.116 | -0.000 |-0.000 | 0.009 | 0.000 | 0317 | 0.123 |-0.513 | -0.513
2 5 -0.030 | 0.032 | 3.114 | 0.004 | 3225 | 0.018 | 2325 | -0.119 |-1.197 | -1.197
2 6 1.847 | -0.142 | -0.075 | 0.170 | -0.171 | 0.124 | -0.267 | 0.002 |-0.213 | 0.214
2 7 -1.626 | 1.619 | -1.032 | 1.087 | -1.247 | 1272 | -1.414 | 1446 |-0.721 | 1223
2 8 20.091 | -0.955 | -2.654 |-2.654 | -2.588 |-2.586| -1.027 | -1.242 | 8.750 | 0.080
2 9 -0.370 | -0.370 | -0.019 |-0.019 | 0.033 | 0.002 | -0.011 | 0.089 | 0.016 | 0.002
2 10 | -0.280 | 0282 | 0.058 | 0.004 | 0029 |[-0.012| -0.124 | 0.046 |-0.002 | -0.002
2 11 | -0.039 | 0.039 | 0.001 | 0017 | -0.026 | 0.030 | -0.025 | 0.025 |-0.001 | -0.001
2 12 | -0.158 | 0.157 | -0.215 | 0.215 | -0.072 | 0.077 | -0.024 | 0.007 | -0.051 | 0.051
2 13 0431 | 0.000 | 0295 | 0.063 | 0.149 | 0.009 | -0.008 | 0.078 |-0.018 | -0.018
2 14 | -0278 | 0279 | -0.184 | 0211 | -0.081 |[-0.028 | 0.102 | -0.007 |-0.118 | 0.127
2 15 | -0.089 | 0.088 | -0.050 |-0.050 | -0.093 | 0.113 | -0.188 | 0.007 |-0.110 | -0.110
2 16 | -0.014 | -0.014 | 0.029 | 0.000 | -0.134 |-0272| 0257 | 0.173 |-0.055 | 0.095
2 17 0.143 | -0.145 | -0.085 |-0.085| -0.145 |-0.094 | 0.252 | -0.076 |-0.001 | -0.001
2 18 | -0.138 | 0.134 | -0410 |-0.410 | 0.009 |-0.021 | -0.028 | 0.010 | 0.010 | 0.049
2 19 0274 | -0.339 | -0.002 |-0.002 | -0.008 | 0.002 | -0.013 | -0.071 |-0.034 | -0.034
2 20 | -0.382 | 0377 | -0.137 | 0.152 | -0.061 | 0.057 | -1.192 | -0.057 | 0.125 | 0.035
2 21 | -1.004 | -0.998 | -0.560 |-0.560 | -0.745 |-0.615| -0.151 | 0.139 |-0.062 | -0.062
2 22 | -0.013 | 0012 | 0327 | 0.000 | 0.168 | 0.002 | -0.053 | -0.043 | 1.058 | 0.000
2 23 0.390 | -0.003 | -0.001 |-0.001 | -0.004 | 0.039 | 0.383 | 0.016 |-0.007 | -0.007
2 24 | -0.056 | 0.056 | -0.757 | 0.855 | -0.053 | 0.028 | 0.380 | -0.160 | -0.003 | -0.003
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

0.019
-0.006
0.051
-0.144
-0.013
-0.056
0.132
0.034
-0.015
0.005
0.036
0.000
0.013
-0.012
0.005

-0.034
0.006
0.000
0.144
0.013

-0.111

-0.008
0.005
0.016

-0.003

-0.005
0.000

-0.005
0.012

-0.019

-0.001
-0.044

0.565
-0.045

0.273
-0.002

0.195
-0.003
-0.070
-0.003
-0.031

0.004
-0.000
-0.006
-0.062

-0.001
-0.044
0.021
0.073
0.007
-0.002
0.001
-0.003
0.087
-0.003
-0.031
0.000
-0.000
0.007
-0.062

-0.008
-0.043
-0.077
0.105
0.147
0.007
0.159
-0.006
-0.073
-0.001
-0.004
-0.029
0.004
-0.009
-0.043

0.583
0.294
-0.077
0.042
0.049
0.000
-0.002
0.014
0.077
-0.003
-0.006
-0.025
-0.000
-0.000
-0.042

-0.024
-0.076
-0.042
-0.096
0.004
0.096
0.007
0.001
-0.023
0.012
0.009
0.001
0.015
-0.008
0.033

-0.040
-0.119
-0.065
0.025
-0.024
-0.037
0.011
-0.033
0.024
0.000
0.011
-0.000
0.002
-0.002
0.012

0.013
-0.706
-0.480
-0.137
-0.226
-0.011
-0.071
-0.042

0.004
-0.001

0.087
-0.001

0.026
-0.000

0.066

0.074
0.706
-0.480
0.138
-0.226
-0.011
0.072
-0.042
0.004
-0.001
0.000
-0.001
0.003
-0.000
0.001




Table S4. Parameters of one-component Debye model for 1 derived according Eq.8 in main text.

T/K 2s/(10°° m3mol1) 21/(10°6 m3mol-!) o 7(10°6 s)
1.9 6.030 9.109 0.359 0.8878
2.2 5.375 8.100 0.343 0.6204
2.5 4.730 7.327 0.304 0.3797
2.8 4.182 6.703 0.300 0.2245
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Fig S1 In-phase y;.. and out-of-phase yims, molar susceptibilities for 1 at zero static magnetic field (left) and in
non-zero static field (right). Lines serve as guides for the eyes.
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Fig S2 Powder diffraction pattern for 1. Experimental data are shown as a red line, while calculated ones as a
blue line.
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Fig S3 HFEPR spectra recorded on pressed powder pellets of 1 at 5 K and different frequencies as indicated.



