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Table S1 Energy levels (cm-1) of ligand field multiplets in zero magnetic field derived from CASSCF/NEVPT2 
calculations for 1 and for I-V. 
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30440.7472
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31431.4416
31721.6542
31721.6542
33048.2030
33048.2030
33318.2574
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29132.2959 
29603.2055 
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30280.1527 
30696.4942 
30696.4942 
31459.9264 
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20182.2744
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21752.2642
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26662.9157
26662.9157
26939.3578
26939.3578
28041.9865
28041.9865
28495.4962
28495.4962
28862.3526
28862.3526
29361.5424
29361.5424
29615.9396
29615.9396
29816.9491
29816.9491
30873.4314
30873.4314
31170.5998
31170.5998
31464.0705
31464.0705
31859.8631
31859.8631
32189.1400
32189.1400
32871.8550
32871.8550
39782.4147

18759.3075
18978.1542
18978.1542
19023.5492
19023.5492
19086.7931
19086.7931
19599.3263
19599.3263
19987.0585
19987.0585
20100.6273
20100.6273
20164.0252
20164.0252
21489.1952
21489.1952
21852.3371
21852.3371
22339.0184
22339.0184
22748.7332
22748.7332
22836.5213
22836.5213
23136.9212
23136.9212
25626.6623
25626.6623
26496.9580
26496.9580
26849.6921
26849.6921
27202.2260
27202.2260
28441.1912
28441.1912
28794.0685
28794.0685
29320.9711
29320.9711
29789.7357
29789.7357
30190.4195
30190.4195
30418.6470
30418.6470
31302.6394
31302.6394
31766.5375
31766.5375
31995.3612
31995.3612
32195.0526
32195.0526
32668.5751
32668.5751
33405.2883
33405.2883
39917.8558

19922.9373
20237.4933
20237.4933
20283.6844
20283.6844
20325.4219
20325.4219
20423.4207
20423.4207
20608.5882
20608.5882
20702.6932
20702.6932
20820.7667
20820.7667
20986.3203
20986.3203
21550.9860
21550.9860
22196.1350
22196.1350
23125.7592
23125.7592
23180.4090
23180.4090
23514.3099
23514.3099
26082.8444
26082.8444
26186.3060
26186.3060
28931.5429
28931.5429
29438.6020
29438.6020
29687.6176
29687.6176
30528.5831
30528.5831
30839.8890
30839.8890
31166.0331
31166.0331
31490.0925
31490.0925
31825.7400
31825.7400
32095.4441
32095.4441
32767.4625
32767.4625
32989.6106
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40703.4924 
41217.1399 
41217.1399 
41469.2004 
41469.2004 
42598.9899 
42598.9899 
42891.2691 
42891.2691 
43115.8128 
43115.8128 
43489.7744 
43489.7744 
61058.3099 
61058.3099 
61390.0357 
61390.0357 
62665.5920 
62665.5920 
63951.5734 
63951.5734 
64284.6638 
64284.6638

41092.4704
41783.9820
41783.9820
42281.3859
42281.3859
44133.9536
44133.9536
44319.4022
44319.4022
44871.3467
44871.3467
45017.2275
45017.2275
60759.5505
60759.5505
61854.7912
61854.7912
63602.0749
63602.0749
65608.0704
65608.0704
66432.6372
66432.6372

40005.9140 
40660.4456 
40660.4456 
41544.4762 
41544.4762 
42142.3669 
42142.3669 
42421.5006 
42421.5006 
43038.2428 
43038.2428 
43142.4921 
43142.4921 
60405.1309 
60405.1309 
60663.4620 
60663.4620 
62119.1714 
62119.1714 
63504.9284 
63504.9284 
64269.6899 
64269.6899

39782.4147
40399.5246
40399.5246
41100.7158
41100.7158
41712.2102
41712.2102
41901.2332
41901.2332
42240.3537
42240.3537
42601.0392
42601.0392
60128.5845
60128.5845
60414.5437
60414.5437
61682.8617
61682.8617
62632.1377
62632.1377
63358.5766
63358.5766

39917.8558
40655.7640
40655.7640
41215.3186
41215.3186
42259.3006
42259.3006
42443.0724
42443.0724
42788.3777
42788.3777
43066.1107
43066.1107
60365.1798
60365.1798
60563.0277
60563.0277
62240.0003
62240.0003
63020.0850
63020.0850
64108.0696
64108.0696

40979.7470
41123.0795
41123.0795
42484.0850
42484.0850
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
4
4
4
4
4
4
4
4
4
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

  0.000
-21.647
 -0.019
 -5.303
  7.957
 -0.189
  0.340
  0.001
  0.047
 -0.045
 -0.153
  0.554
 -0.292
  0.410
  0.073
  0.100
  3.647
 -1.710
 -2.591
 -0.015
  0.003
  0.003
 -0.008
  0.034
  0.240
 -0.023
  0.112
  0.066
 -0.001
  0.030
 -0.204
 -0.063
 -0.546
 -0.188
 -0.550
  0.687
  0.032
 -0.037
  0.143
  0.116
 -0.037
 -0.073
 -0.011
 -0.008
  0.001
  0.001
 -0.036
 -0.007
  0.012
  0.014

0.000
-3.526
-0.211
-8.866
 6.140
-0.113
 0.244
-0.000
 0.015
-0.012
 0.375
 0.055
-0.183
 0.266
-0.001
 0.047
 0.004
 1.620
-1.886
-0.007
 0.019
 0.003
-0.006
 0.020
 0.008
 0.122
 0.083
 0.002
 0.002
-0.003
-0.247
-0.081
-0.547
 0.046
 0.397
-0.001
 0.042
-0.075
 0.070
-0.009
 0.026
-0.055
 0.015
 0.004
 0.004
 0.000
-0.022
 0.010
 0.002
 0.008



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

I II III IV V
Multiplicity Root D E D E D E D E D E
4
4
4
4
4
4
4
4
4
4
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

-0.000
-65.702
 10.128
  3.032
  5.194
  1.308
  0.159
  0.004
  0.009
  0.035
  0.694
 -0.217
  1.486
  1.781
 -0.115
 -0.030
  1.847
 -1.626
 -0.091
 -0.370
 -0.280
 -0.039
 -0.158
  0.431
 -0.278
 -0.089
 -0.014
  0.143
 -0.138
  0.274
 -0.382
 -1.004
 -0.013
  0.390
 -0.056

-0.000
  0.093
-10.123
 -3.019
  5.864
 -1.312
  0.198
 -0.004
  0.037
 -0.035
 -1.378
  0.226
 -0.135
 -0.048
  0.116
  0.032
 -0.142
  1.619
 -0.955
 -0.370
  0.282
  0.039
  0.157
  0.000
  0.279
  0.088
 -0.014
 -0.145
  0.134
 -0.339
  0.377
 -0.998
  0.012
 -0.003
  0.056

  -0.000
-113.846
   2.132
  -9.905
   3.595
   0.017
   0.017
   0.089
   0.000
  -0.090
  -1.211
  -2.322
  -0.179
   0.269
  -0.000
   3.114
  -0.075
  -1.032
  -2.654
  -0.019
   0.058
   0.001
  -0.215
   0.295
  -0.184
  -0.050
   0.029
  -0.085
  -0.410
  -0.002
  -0.137
  -0.560
   0.327
  -0.001
  -0.757

-0.000
-0.131
-3.223
-4.074
-6.822
 0.017
 0.017
-0.097
 0.000
-0.003
-1.211
-2.322
-0.179
 0.022
-0.000
 0.004
 0.170
 1.087
-2.654
-0.019
 0.004
 0.017
 0.215
 0.063
 0.211
-0.050
 0.000
-0.085
-0.410
-0.002
 0.152
-0.560
 0.000
-0.001
 0.855

   0.000
-123.541
  -0.203
 -11.920
   2.760
   0.078
   0.082
   0.076
  -0.001
  -0.066
  -1.034
  -0.071
  -1.695
   0.274
   0.009
   3.225
  -0.171
  -1.247
  -2.588
   0.033
   0.029
  -0.026
  -0.072
   0.149
  -0.081
  -0.093
  -0.134
  -0.145
   0.009
  -0.008
  -0.061
  -0.745
   0.168
  -0.004
  -0.053

-0.000
-0.267
-1.171
-5.665
-6.677
-0.087
-0.009
-0.092
-0.001
-0.008
-1.038
-0.163
-1.744
 0.058
 0.000
 0.018
 0.124
 1.272
-2.586
 0.002
-0.012
 0.030
 0.077
 0.009
-0.028
 0.113
-0.272
-0.094
-0.021
 0.002
 0.057
-0.615
 0.002
 0.039
 0.028

   0.000
-128.718
  18.705
   0.371
   1.314
   4.981
   0.211
   0.021
  -0.003
  -0.004
   2.214
   0.731
   0.036
   0.574
   0.317
   2.325
  -0.267
  -1.414
  -1.027
  -0.011
  -0.124
  -0.025
  -0.024
  -0.008
   0.102
  -0.188
   0.257
   0.252
  -0.028
  -0.013
  -1.192
  -0.151
  -0.053
   0.383
   0.380

-0.000
 -0.077
-15.975
  2.422
  1.967
  2.850
  0.034
  0.014
  0.012
 -0.017
  0.498
 -0.041
 -0.040
  0.579
  0.123
 -0.119
  0.002
  1.446
 -1.242
  0.089
  0.046
  0.025
  0.007
  0.078
 -0.007
  0.007
  0.173
 -0.076
  0.010
 -0.071
 -0.057
  0.139
 -0.043
  0.016
 -0.160

0.000
 9.009
-0.042
13.570
13.050
-0.015
 0.005
 0.012
 0.146
 0.094
-0.000
 0.514
 2.960
-0.000
-0.513
-1.197
-0.213
-0.721
 8.750
 0.016
-0.002
-0.001
-0.051
-0.018
-0.118
-0.110
-0.055
-0.001
 0.010
-0.034
 0.125
-0.062
 1.058
-0.007
-0.003

-0.000
  9.009
 -0.136
 13.570
-13.056
 -0.000
  0.005
  0.012
 -0.147
  0.094
 -0.000
  0.008
  0.000
 -0.000
 -0.513
 -1.197
  0.214
  1.223
  0.080
  0.002
 -0.002
 -0.001
  0.051
 -0.018
  0.127
 -0.110
  0.095
 -0.001
  0.049
 -0.034
  0.035
 -0.062
  0.000
 -0.007
 -0.003



2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

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 S/(10-6 m3mol-1) T/(10-6 m3mol-1)  /(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



  

Fig S1 In-phase real and out-of-phase imag molar susceptibilities for 1 at zero static magnetic field (left) and in 
non-zero static field (right). Lines serve as guides for the eyes.

Fig S2 Powder diffraction pattern for 1. Experimental data are shown as a red line, while calculated ones as a 
blue line.



Fig S3 HFEPR spectra recorded on pressed powder pellets of 1 at 5 K and different frequencies as indicated.


