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Figure S1. FT-IR spectrum of 1 under Ar atmosphere.



Figure S2. FT-IR spectrum of 2 under Ar atmosphere.



X-ray crystallography

Table S1. Crystal data and structure refinement for 1 and 2.

dentification code [Dy(OCtBu3)Cl2(py3)] (1) [Dy(OCtBu3)I2(py3)] (2)
Empirical formula C28H42Cl2DyN3O C28H42DyI2N3O
Formula weight 670.04 852.94
Temperature/K 150.0 150
Crystal system orthorhombic orthorhombic
Space group P212121 P212121

a/Å 8.8925(7) 9.1597(6)
b/Å 18.1625(16) 18.4547(12)
c/Å 18.7460(17) 19.0883(10)
α/° 90 90
β/° 90 90
γ/° 90 90
Volume/Å3 3027.7(5) 3226.7(3)
Z 4 4

ρcalcg/cm3 1.470 1.756

μ/mm-1 2.668 4.252
F(000) 1356.0 1644.0
Crystal size/mm3 0.44 × 0.24 × 0.11 0.08 × 0.07 × 0.05
Radiation MoKα ( = 0.71073) MoKα ( = 0.71073)
2Θ range for data 
collection/°

4.486 to 53.994 4.268 to 52.992

Index ranges
-11 ≤ h ≤ 11, -23 ≤ k ≤ 21,
-23 ≤ l ≤ 23

-11 ≤ h ≤ 11, -23 ≤ k ≤ 23,
-23 ≤ l ≤ 23

Reflections collected 28152 31180
Independent reflections 6610 [Rint = 0.0538, Rsigma = 0.0495] 6688 [Rint = 0.0675, Rsigma = 0.0543]
Data/restraints/parameters 6610/58/365 6688/36/350
Goodness-of-fit on F2 1.019 1.022
Final R indexes [I>=2σ 
(I)]

R1 = 0.0309, wR2 = 0.0637 R1 = 0.0366, wR2 = 0.0640

Final R indexes [all data] R1 = 0.0415, wR2 = 0.0673 R1 = 0.0579, wR2 = 0.0732
Largest diff. peak/hole / e 
Å-3 0.42/-0.59 0.71/-0.72



Table S2 Selected bond lengths (Å) and angles (deg) in complex 1 and 2.

Table S3 Continuous Shape Measures (CShM) calculation for 1 and 2.

Symmetry [Dy(OCtBu3)Cl2(py3)] [Dy(OCtBu3)I2(py3)]
HP-6 (D6h) 33.17009 33.50472

PPY-6 (C5v) 26.22612 26.27611
OC-6 (Oh) 0.75769 1.96724

TPR-6 (D3h) 13.80195 14.13883
JPPY-5 (C5v) 29.3176 28.60318

Bond/Angle [Dy(OCtBu3)Cl2(py3)] (1) [Dy(OCtBu3)I2(py3)]  (2)
Dy1-X1 2.6158(15) 3.0324(9)
Dy1-X2 2.6398(17) 3.0690(9)
Dy1-O1 2.033(4) 2.016(6)
Dy1-N1 2.502(6) 2.507(9)
Dy1-N2 2.504(5) 2.512(8)
Dy1-N3 2.601(5) 2.597(7)

X1-Dy1-X2 161.50(6) 159.22(3)
O1-Dy1-X1 96.40(12) 96.8(2)
O1-Dy1-X2 102.06(11) 103.9(2)
O1-Dy1-N1 99.46(16) 99.8(3)
O1-Dy1-N2 94.45(16) 94.1(3)
O1-Dy1-N3 172.82(19) 173.3(4)
N1-Dy1-X1 89.57(13) 89.2(2)
N1-Dy1-X2 86.20(13) 85.1(2)
N1-Dy1-N2 165.13(17) 165.2(3)
N1-Dy1-N3 85.97(19) 85.3(3)
N2-Dy1-X1 94.12(13) 94.1(2)
N2-Dy1-X2 85.76(13) 86.7(2)
N2-Dy1-N3 80.65(18) 81.2(3)
N3-Dy1-X1 78.84(14) 78.8(2)
N3-Dy1-X2 82.89(14) 80.9(2)



Magnetic property measurements

Figure S3. Measured MT versus temperature (red circles) for 1 under an applied magnetic field of 1 kOe. MT(300 
K) = 14.27 cm3 K mol-1, MT(2 K) = 12.4 cm3 K mol-1.



Figure S4. Measured MT versus temperature (red circles) for 2 under an applied magnetic field of 1 kOe. MT(300 
K) = 14.28 cm3 K mol-1, MT(2 K) = 7.93 cm3 K mol-1.

Figure S5. Variable-field magnetization data for complexes 1 (a) and 2 (b) at 2, 3 and5 K



Figure S6. Magnetization vs. field hysteresis loop of 1 at 2 K using a field sweep rate of 200 Oe s–1.



Figure S7 Zero-field-cooled/field-cooled (ZFC-FC) magnetic susceptibilities under a dc field of 1 kOe for 
complexes 1 (a) and 2 (b).



Figure S8. Frequency dependence of the in-phase susceptibility ('M) for 1 under a zero DC field at AC frequencies 
of 0.1-1000 Hz from 2 to 70 K. Solid lines represent fits of the data using the generalized Debye model, which 
describe ' and '' in terms of frequency, isothermal susceptibility (∞), adiabatic susceptibility (S), relaxation time 
(), and a variable representing the distribution of relaxation times ().



Figure S9. Frequency dependence of the in-phase susceptibility ('M) for 2 under a zero DC field at AC frequencies 
of 0.1-999 Hz from 2 to 25 K. Solid lines represent fits of the data using the generalized Debye model, which 
describe ' and '' in terms of frequency, isothermal susceptibility (∞), adiabatic susceptibility (S), relaxation time 
(), and a variable representing the distribution of relaxation times ().



Figure S10. Cole−Cole plots for the AC susceptibilities under a zero DC field for 1 from 2-10 K. Solid lines 

represent fits of the data in Figure S6 using the generalized Debye model.



Figure S11. Cole−Cole plots for the AC susceptibilities under a zero DC field for 1 from 11-25 K. Solid lines 

represent fits of the data in Figure S6 using the generalized Debye model.



Table S4. Relaxation fitting parameters for 1 corresponding to Figure S10-12 using the generalized Debye model.
T / K ∞ / cm3 mol-1 S / cm3 mol-1  / s 

2 6.57586(0.0109) 0.58392(0.03064) 7.60E-04(6.93E-06) 0.10947(0.00469)
3 4.46789(0.00778) 0.39202(0.02122) 8.02E-04(7.61E-06) 0.11683(0.00484)
4 3.38456(0.00601) 0.29784(0.01622) 8.18E-04(7.90E-06) 0.1198(0.00491)
5 2.72641(0.00488) 0.24214(0.01315) 8.20E-04(7.98E-06) 0.11999(0.00495)
6 2.27996(0.00409) 0.20572(0.01113) 8.07E-04(7.91E-06) 0.11752(0.00499)
7 1.95887(0.00349) 0.17778(0.00966) 7.80E-04(7.62E-06) 0.11211(0.00501)
8 1.71646(0.00299) 0.16206(0.00851) 7.42E-04(7.16E-06) 0.10359(0.005)
9 1.52708(0.00257) 0.1488(0.0076) 6.92E-04(6.54E-06) 0.09365(0.00495)
10 1.37462(0.00184) 0.13805(0.00581) 6.36E-04(4.92E-06) 0.08196(0.00407)
11 1.24971(0.00185) 0.12578(0.00614) 5.75E-04(5.03E-06) 0.07365(0.00462)
12 1.14791(0.00158) 0.11298(0.00564) 5.16E-04(4.35E-06) 0.06297(0.00445)
13 1.05784(0.00147) 0.10875(0.0057) 4.62E-04(4.17E-06) 0.05714(0.00469)
14 0.98226(8.10E-04) 0.09874(0.00355) 4.08E-04(2.39E-06) 0.05083(0.00294)
15 0.91706(7.40E-04) 0.09094(0.00354) 3.61E-04(2.21E-06) 0.04667(0.003)
17 0.80965(5.43E-04) 0.08017(0.00326) 2.85E-04(1.76E-06) 0.03925(0.00279)
19 0.72473(6.27E-04) 0.07525(0.00484) 2.27E-04(2.27E-06) 0.02922(0.00408)
21 0.6568(3.36EE-04) 0.0651(0.00347) 1.81E-04(1.42E-06) 0.03042(0.00277)
23 0.60026(2.71E-04) 0.05894(0.00378) 1.46E-04(1.35E-06) 0.02613(0.00283)
25 0.55295(3.15E-04) 0.04729(0.00621) 1.16E-04(1.90E-06) 0.0265(0.00417)



Figure S12. Cole−Cole plots for the AC susceptibilities under a zero DC field for 2 from 2-11 K. Solid lines 

represent fits of the data in Figure 4 using the generalized Debye model.



Figure S13. Cole−Cole plots for the AC susceptibilities under a zero DC field for 2 from 14-41 K. Solid lines 

represent fits of the data in Figure 4 using the generalized Debye model.



Figure S14. Cole−Cole plots for the AC susceptibilities under a zero DC field for 2 from 44-70 K. Solid lines 

represent fits of the data in Figure 4 using the generalized Debye model.



Table S5 Relaxation fitting parameters for 2 corresponding to Figure S13-16 using the generalized Debye model.
T / K ∞ / cm3 mol-1 S / cm3 mol-1  / s 

2 6.50003(0.03061) 0.2721(0.02212) 0.02421(3.40E-04) 0.17716(0.00674)
3 4.45148(0.02171) 0.1853(0.01455) 0.02626(3.80E-04) 0.18604(0.00676)
5 2.70614(0.01481) 0.12225(0.00975) 0.02741(4.43E-04) 0.18607(0.00754)
7 1.93494(0.00911) 0.09048(0.00602) 0.02717(3.79E-04) 0.18645(0.00651)
9 1.51338(0.00708) 0.07519(0.00488) 0.02468(3.42E-04) 0.16869(0.0067)
11 1.24046(0.00552) 0.06519(0.00407) 0.02101(2.77E-04) 0.14297(0.00669)
14 0.9721(0.00354) 0.05332(0.00296) 0.01531(1.68E-04) 0.10609(0.00592)
17 0.79793(0.00238) 0.04385(0.00214) 0.01076(9.43E-05) 0.0792(0.005)
20 0.67729(0.00149) 0.03675(0.00153) 0.00758(5.11E-05) 0.06002(0.00396)
23 0.58982(0.00119) 0.03221(0.00115) 0.00541(2.94E-05) 0.0472(0.00334)
26 0.52157(9.08E-04) 0.02823(0.00102) 0.00392(1.96E-05) 0.03705(0.00311)
29 0.46776(5.57E-04) 0.02526(7.10E-04) 0.00291(1.05E-05) 0.02876(0.00227)
32 0.42391(4.24E-04) 0.02255(6.13E-04) 0.0022(7.02E-06) 0.02287(0.00202)
35 0.38838(3.25E-04) 0.0203(5.31E-04) 0.00171(4.80E-06) 0.01954(0.00179)
38 0.35812(2.33E-04) 0.01906(4.28E-04) 0.00135(3.11E-06) 0.01557(0.00147)
41 0.33234(2.64E-04) 0.01735(5.45E-04) 0.00108(3.22E-06) 0.01475(0.00189)
44 0.30997(2.69E-04) 0.01695(6.24E-04) 8.85E-04(3.05E-06) 0.00983(0.00219)
47 0.29086(2.22E-04) 0.01354(5.93E-04) 7.15E-04(2.35E-06) 0.01343(0.00204)
50 0.27342(1.69E-04) 0.01342(5.23E-04) 5.73E-04(1.67E-06) 0.00769(0.00177)
52 0.26333(2.09E-04) 0.01208(7.49E-04) 4.75E-04(1.97E-06) 0.00813(0.00243)
54 0.25374(1.21E-04) 0.01341(5.26E-04) 3.80E-04(1.11E-06) 0.00644(0.00161)
56 0.24492(1.07E-04) 0.01299(6.25E-04) 2.84E-04(9.88E-07) 0.00506(0.00171)
58 0.23672(1.82E-04) 0.01259(0.00161) 2.00E-04(1.84E-06) 0.00625(0.00368)
60 0.22909(1.05E-04) 0.00878(0.00176) 1.28E-04(1.34E-06) 0.01356(0.00295)
62 0.22213(1.57E-04) 0(0.00623) 7.67E-05(2.81E-06) 0.02147(0.0067)
64 0.21519(1.88E-04) 0(0.01847) 4.79E-05(5.03E-06) 0(0.01302)
66 0.20902(2.36E-04) 0(0.06054) 2.92E-05(9.97E-06) 0(0.02713)
68 0.20325(2.77E-04) 0(0.19543) 1.75E-05(1.91E-05) 0(0.05436)
70 0.19782(3.62E-04) 0(0.8101) 9.84E-06(4.39E-05) 0(0.12997)



Computational details

Complete-active-space self-consistent field (CASSCF) calculations on mononuclear complexes 1 and 2 (see 

Figure S1 for the calculated complete structures) on the basis of single-crystal X-ray structures have been carried 

out with OpenMolcasS1 program package.

The basis sets for all atoms are atomic natural orbitals from the ANO-RCC library: ANO-RCC-VTZP for DyⅢ; 

VDZP for close Cl and I; VTZ for close N and O; VDZ for distant atoms. The calculations employed the second 

order Douglas-Kroll-Hess Hamiltonian, where scalar relativistic contractions were taken into account in the basis 

set. And then, the spin-orbit couplings were handled separately in the restricted active space state interaction 

(RASSI-SO) procedure S2-S3. Active electrons in 7 active orbitals include all f electrons (CAS (9 in 7) in the CASSCF 

calculation. To exclude all the doubts, we calculated all the roots in the active space. We have mixed the maximum 

number of spin-free state which was possible with our hardware (all from 21 sextets, 128 from 224 quadruplets, 130 

from 490 doublets). SINGLE_ANISOS4–S6 program was used to obtain the energy levels, g tensors, magnetic axes, 

et al. based on the above CASSCF/RASSI-SO calculations.
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Figure S15. Calculated complete structures of complexes 1 and 2. H atoms are omitted for clarify.



Table S6. Calculated energy levels (cm−1), g (gx, gy, gz) tensors and predominant mJ values of the lowest eight 
Kramers doublets (KDs) of complexes 1 and 2 using CASSCF/RASSI-SO with OpenMolcas.

1 2
KDs

E g mJ E g mJ

1 0.0
0.009 
0.013
19.837

±15/2 0.0
0.001 
0.001
19.879

±15/2

2 319.3
0.391
0.678
16.558

±13/2 374.7
0.020 
0.024
17.004

±13/2

3 489.2
3.516
4.958
12.823

±11/2 651.1
0.205
0.239
13.876

±11/2

4 584.8
7.932
5.699
0.338

±7/2 771.0
3.132 
3.517
14.394

±9/2

5 703.6
2.000
2.756
11.051

±3/2 841.5
8.380
4.939
1.251

±7/2

6 732.9
0.137
1.993
17.245

±1/2 903.2
1.274
3.873
14.945

±3/2

7 768.5
1.085
1.300
17.130

±5/2 973.6
0.124
0.963
17.312

±1/2

8 828.5
0.136 
0.307
19.088

±9/2 1025.5
0.272 
1.012
18.041

±5/2



Table S7. Wave functions with definite projection of the total moment | mJ > for the lowest eight KDs for complexes 
1 and 2 using CASSCF/RASSI-SO with OpenMolcas.

E/cm−1 wave functions
0.0 99.5%|±15/2>

319.3 94.5%|±13/2>
489.2 35.2%|±11/2>+22.6%|±3/2>+17.9%|±1/2>+10.1%|±7/2>+6.6%|±5/2>
584.8 51.3%|±11/2>+24.1%|±1/2>+12.5%|±9/2>+9.2%|±5/2>
703.6 46.2%|±9/2>+21.0%|±3/2>+14.9%|±7/2>+8.5%|±11/2>
732.9 26.5%|±1/2>+25.8%|±5/2>+22.2%|±3/2>+16.3%|±7/2>
768.5 26.8%|±7/2>+24.8%|±5/2>+18.3%|±9/2>+16.3%|±3/2>+11.6%|±1/2>

1

828.5 30.9%|±7/2>+26.7%|±5/2>+16.9%|±3/2>+14.5%|±1/2>+9.4%|±9/2>
0.0 99.9%|±15/2>

374.7 99.3%|±13/2>
651.1 93.2%|±11/2>
771.0 37.6%|±1/2>+27.5%|±9/2>+14.4%|±5/2>+11.1%|±3/2>
841.5 52.7%|±9/2>+24.9%|±3/2>+11.9%|±7/2>+8.0%|±1/2>
903.2 42.5%|±7/2>+41.6%|±5/2>+9.0%|±3/2>
973.6 41.6%|±1/2>+27.9%|±3/2>+12.0%|±7/2>+12.0%|±9/2>

2

1025.5 38.3%|±5/2>+25.3%|±7/2>+22.6%|±3/2>+10.5%|±1/2>

Table S8. LoProp charge of each atom corresponding to complexes 1 and 2.

Dy1 X1 X2 O1 N1 N2 N3

1 2.4108 -0.8556 -0.8611 -1.0559 -0.3814 -0.3839 -0.3435

2 2.3353 -0.8199 -0.8101 -1.0652 -0.3895 -0.3923 -0.3657



The theoretically predicted effective barrier as a function of temperature has the formS7,S8
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Where i is the index of each KD, Ei represents the doublet energy obtained through CASSCF calculations, 
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Figure S16 Predicted effective energy barriers and relaxation contributions from various KDs of complexes 1 and 
2. Ueff is represented as a dashed black line, and its value is indicated on the right y-axis. The left y-axis represents 
the relative contribution of each KD to relaxation. 

According to the method for the prediction of tunneling demagnetization time (τQTM) proposed by Aravena et 

al.,S7,S8 we calculated the value of τQTM according to equations (S4)–(S5).
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Where , k is the rate of ground state QTM. As usual, the magnitude of the magnetic fields, arising 2 2 2( )XY X Yg g g 



from both dipolar and hyperfine interactions, is of a few tens of mini-Tesla (mT). Thus, in this work, Bave is set to 

be 20 mT.

Table S9. Values of Bave, principal values of the g-tensor of the lowest KD and the QTM time (τQTM).
Compound Bave (mT) gX gY gZ τQTM (s)

2 20 0.8576×10–3 0.1304×10–2 19.8372 2.91×10–4

1 20 0.1136×10–3 0.1411×10–3 19.8791 2.16×10–2

Table S10 Weight of calculated crystal-field parameter B (k, q) of complexes 1 and 2.
B (k, q)

k q
1 2

2 0 30.57% 38.42%
4 0 14.03% 12.86%
6 0 2.46% 2.82%
2 –2 2.18% 0.88%
2 –1 4.04% 2.68%
2 1 1.51% 2.13%
2 2 11.67% 8.09%
4 –4 0.37% 0.47%
4 –3 0.04% 0.50%
4 –2 1.13% 0.96%
4 –1 3.16% 2.38%
4 1 1.58% 1.94%
4 2 0.72% 2.89%
4 3 0.69% 1.05%
4 4 12.70% 8.99%
6 –6 0.76% 0.10%
6 –5 1.30% 1.09%
6 –4 0.24% 0.02%
6 –3 0.08% 0.27%
6 –2 0.52% 0.57%
6 –1 0.65% 0.89%
6 1 0.79% 0.66%
6 2 0.34% 0.82%
6 3 0.45% 0.38%
6 4 3.83% 2.75%
6 5 0.64% 0.68%
6 6 2.35% 3.37%
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Figure S17 Calculated orientation of the local main magnetic axis on complexes 1 and 2.
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