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Ab initio calculation results

Basis set dependence

Basis set dependence of the outcome of the SA-CASSCF/RASSI-SO calculations was studied.™
ANO basis sets from the ANO-RCC library were used,* % with the following contractions:

e BS1: [8sTp4d3f2glh] for Dy, [3s2pld] for the C, N, B and O atoms, and [2s] for the H atoms.

e BS2: [8sTp4d3f2glh] for Dy, [4s3p2d] for the N, O and B atoms, [3s2pld] for the C, and [2s]
for all the H atoms.

e BS3: [8s7p4d3f2glh]| for Dy, [4s3p2d] for all the B, C, N, O atoms, and [2s] for all the H
atoms.

The calculated energy splitting and M ; decomposition of the doublets are given in Tables S1 to S3.

Table S1: Energies, Landé tensors and M; decomposition of the Hys /2 doublets calculated with

BS1.
Root E (em™) g¢gx,9v,9z M decomposition
1 0.00 (0.01, 0.01, 19.70) 0.97] £ 15/2)
2 10299 (0.14, 0.20, 17.22)  0.79| £ 13/2) + 0.18] £ 11/2)
3 166.04  (0.74, 0.94, 13.49) 0.46| + 11/2) + 0.40] = 9/2)
4 22688  (3.05,4.66,9.65) 0.41£7/2) + 0.23| £9/2) + 0.13 £5/2)
5 279.74  (0.16,4.39, 9.78)  0.28| £ 5/2) + 0.27| £ 1/2) + 0.21] £ 7/2) + 0.17] £ 3/2)
6 32365  (1.58,5.17, 12.90) 0.36| £3/2) + 0.30] £5/2) + 0.23] £1/2)
7 41196 (0.02, 0.04, 19.78) 028 £9/2) + 0.23| &+ 11/2) + 0.21] £ 7/2) + 0.12| + 5/2)
8 51027 (0.04,0.08, 19.49) 0.43|£1/2) + 0.32| £3/2) + 0.16] £ 5/2)

Table S2: FEnergies,

Landé tensors and M decomposition of the SHy5 /2 doublets calculated with

BS2.
Root E (em™) gx,9v,9z M ; decomposition
1 0.00 0.01 0.01 19.71  0.97] £ 15/2)
2 10745  0.130.18 17.20  0.80| = 13/2)+ 0.17| £ 11/2)
3 173.08  0.640.82 13.52  0.48| £ 11/2)+ 0.39] + 9/2)
4 936.13  3.044519.63  0.41) £7/2)+ 025 £9/2)+ 0.12] £ 5/2)
5 201.25 027449 954  0.28/ £5/2)+ 0.27| £ 1/2)+ 0.22| + 7/2)+ 0.15] & 3/2)
6 33637  1.605.2112.89 0.38] £3/2)+ 0.30 £5/2)+ 0.22] £1/2)
7 41834 0.030.04 19.78 0.28] 4+ 9/2)+ 0.22] & 11/2)+ 0.21] £ 7/2)+ 0.12| £ 5/2)
8 523.36  0.040.08 19.49 0.44| % 1/2)+ 0.32] £3/2)+ 0.16] £ 5/2)
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Table S3: Energies, Landé tensors and M decomposition of the S Hy5 /2 doublets calculated with

BS3.
Root E (em™) gx,9v,9z M ; decomposition
1 0.00 0.01 0.01 19.70  0.97| £ 15/2)
2 107.60 0.2 0.17 17.18  0.80| & 13/2)+ 0.17| £ 11/2)
3 173.05 0.69 0.86 13.51 0.49| +£11/2)+ 0.39] £9/2)
1 23630  2.884.429.67  0.41] £ 7/2)+ 0.26] £ 9/2)+ 0.12] +5/2)
5 20221  9.044.58 0.09  0.28 £ 5/2)+ 0.26] £ 1/2)+ 0.23| & 7/2)+ 0.15] & 3/2)
6 336.86  1.695.61 12.60 0.38] £ 3/2)+ 0.2 £ 5/2)+ 0.23| £ 1/2)
7 419.40 0.03 0.04 19.78 0.28] £9/2)+ 0.22| +11/2)+ 0.21| £7/2)+ 0.13| £ 5/2)
8 52254 0.04 0.08 19.48 0.44] £ 1/2)+ 0.32| £ 3/2)+ 0.16| £ 5/2)
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Thermal dependence of the relaxation rate

As described in the manuscript, the thermal dependance of the magnetisation relaxation rate was
obtained through the fitting of the x” = f(v) curves at constant temperature, using

(2mvT) =% cos(rar/2)
1+ 2(27v7)—sin(ra/2) + (27rvT)2—20"

(1)

X" = (xr — xs)

Fittings were performed using SciDavis,” and the yg and y7 parameters were fixed to the values
deduced from the fitting of the Cole-Cole plots at constant temperature. We provide in Table S4
the calculated xg, Y7 and o parameters from these fittings, the associated error bars and the R?
factor. We then provide in Table S5 the o and 7 parameters obtained via equation 1, the associated
error bars and the agreement factors R?. One may note the very good agreement in the o values
from both procedures.

Finally, we give in Figure S1 the v = f(T') and log-log representation of these data, and also the
best fit obtained with v = 1971(4) 4+ 1.06(2)T3, R>=0.996. One may note the error bars are rather
moderate in the v = f(7T'), and appear much larger in the log-log representation (distortion).

Table S4: Fitted parameters from the Cole-Cole x” = f(x’) plots, associated error bars and agree-

ment factor R? for each temperature.

T(K) | atAa x7 &+ Axr (cm3/mol™!) | xg + Axs (cm3/mol™t) | R?

2.0 0.09 £ 0.01 | 4.183 £ 0.008 0.44 £+ 0.04 0.995
2.4 0.09 £ 0.02 | 3.657 £ 0.006 0.39 £ 0.04 0.994
2.8 0.09 £ 0.02 | 3.193 £ 0.005 0.35 £ 0.03 0.995
3.2 0.09 £ 0.02 | 2.810 + 0.004 0.31 + 0.03 0.995
3.6 0.09 £ 0.02 | 2.504 £ 0.004 0.27 £ 0.03 0.995
4.0 0.09 £ 0.01 | 2.247 £ 0.003 0.25 £ 0.02 0.996
4.4 0.08 £0.02 | 2.021 £ 0.003 0.24 £+ 0.02 0.993
4.8 0.08 £ 0.02 | 1.855 £ 0.002 0.22 £+ 0.02 0.995
5.2 0.07 £ 0.02 | 1.717 4+ 0.003 0.21 + 0.02 0.993
5.6 0.08 £ 0.01 | 1.598 £ 0.002 0.19 + 0.02 0.996
6.0 0.07 £ 0.01 | 1.489 £ 0.002 0.18 + 0.02 0.994
6.4 0.07 £ 0.02 | 1.398 £ 0.002 0.17 £ 0.02 0.994
6.8 0.07 £ 0.01 | 1.318 £ 0.001 0.17 + 0.01 0.996
7.2 0.06 £ 0.02 | 1.242 £ 0.002 0.16 £+ 0.02 0.993
7.6 0.06 + 0.01 | 1.180 + 0.001 0.16 + 0.01 0.996
8.0 0.05 £ 0.01 | 1.120 £ 0.001 0.15 £ 0.01 0.995
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Figure S1: o, thermal dependence of the relaxation frequency as deduced from the fittings of the
X" = f(v) curves at constant temperature, with associated error bars (in gray). —, calculated values
from the best fit of the v = f(T) curve (v = 1971(4) + 1.06(2)T3, R?=0.996). Top panel: v = f(T)
plot; bottom panel: log-log plot.
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Table S5: Fitting parameters from equation 1, associated error bars and agreement factor R? for
each temperature. Frequencies are also given.

T (K) | a+ Aa T+ A7 (107%) | v+ Av (Hz) | R?
2.0 0.09 £ 0.01 | 5.1 +0.2 1980 + 67 | 0.989
2.4 0.09 £ 0.01 | 5.1 + 0.2 1968 + 63 | 0.994
2.8 0.09 £ 0.01 | 5.0 + 0.2 1983 + 65 | 0.993
3.2 0.09 £ 0.01 | 5.0 + 0.2 1995 + 63 | 0.994
3.6 0.10 £ 0.01 | 5.0 + 0.2 2017 + 64 | 0.994
4.0 0.09 £ 0.01 | 4.9 + 0.2 2040 = 66 | 0.994
4.4 0.08 £ 0.02 | 4.8 + 0.2 2082 + 76 | 0.992
4.8 0.08 £ 0.01 | 4.8 0.2 2104 £ 74 | 0.992
5.2 0.08 £ 0.02 | 4.7 + 0.2 2130 £ 78 | 0.992
5.6 0.08 £ 0.01 | 4.6 + 0.2 2161 =74 | 0.993
6.0 0.08 £ 0.01 | 4.5 + 0.2 2206 = 78 | 0.992
6.4 0.07 £ 0.01 | 4.4 + 0.1 2253 + 78 | 0.993
6.8 0.07 £0.01 | 4.3 £ 0.1 2302 + 76 | 0.993
7.2 0.07 £ 0.01 | 42 +0.1 2365 + 85 | 0.992
7.6 0.06 = 0.01 | 4.1 £ 0.1 2423 £ 75 | 0.994
8.0 0.06 = 0.01 | 4.0 + 0.1 2511 + 83 | 0.994
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Figure S2: o, thermal dependence of the relaxation frequency as deduced from the fittings of the
X" = f(v) curves at constant temperature, with associated error bars (in gray). —, calculated values
from the best fit of the v = f(T') curve with v = (5.2(6) 10%) exp(—19(1)/T) + 1982(7) Hz.
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Additionnal AC SQUID data
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Figure S3: Top: x’' = f(T) at 1 Hz measured under a static field of 0 Oe (red bullets) and 500 Oe
(blue bullets). Bottom: x” = f(T) at 1 Hz, measured under the same conditions.
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Luminescence decay measurement
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Figure S4: Luminescence decay measurement, under a 350 nm incident radiation, measured at
580 nm at ambient temperature. The red solid curve represents the best mono-exponential fit,
I = Ipexp(—t/7) + Les with Ies = 1(3), Ip = 8.8(2) x 10 (arbitrary units) and 7 = 31.4(4) ms.
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