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1. Crystal Data and Structures

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

1 2
Empirical formula Ce2H115Dyl305P; Cs3Hg9DylsNO, P,
Formula weight 1576.64 1177.08
Crystal system triclinic orthorhombic
Temperature (K) 120 120
Space group Pi Pbca
a(A) 12.0855(4) 15.2369(19)
b (A) 12.1049(3) 18.212(2)
c(A) 23.2910(7) 32.869(4)
a (°) 97.557(2) 90
£ (©) 90.268(2) 90
7(°) 98.507(2) 90
V (A3) 3339.56(17) 9121.1(19)
Z 2 8
D, (g m?) 1.568 1.714
1 (mm) 2.621 3.769
F(000) 1594 4600
Reflns collected/unique 36106/ 16474 106727/10437
Rint 0.0590 0.0338
GOF on F? 1.034 1.108
Ri2[I>20(D)] 0.0566 0.0169
WR,® (all data) 0.1447 0.0391
CCDC 1887053 1887054

Ry =X(|| Fy | -| Fe ||))VZ| Fy |. PwRy = [EW(F,,? - F )Y Ew(F,2)?]"2.

Table S2. Selected bond lengths (A) and bond angles (°) for 1 and 2.
Complex 1

Dyl-I1 3.0548(5) 03-Dy1-02 98.21(15)
Dyl-I2 3.0938(5) 03-Dy1-O1 170.51(15)
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Dyl-13 3.0973(6) 02-Dyl-I1 87.51(11)
Dy1-03 2.212(4) 02-Dyl1-12 174.05(11)
Dy1-02 2.223(4) 02-Dyl1-I3 84.93(11)
Dy1-0O1 2.213(4) O1-Dyl-I1 89.60(12)
[1-Dy1-12 96.070(14) Ol1-Dyl-12 84.25(11)
[1-Dy1-I3 172.090(15) O1-Dyl-I3 92.83(12)
12-Dy1-I3 91.664(15) O1-Dy1-02 91.04(15)
03-Dyl-I1 88.65(11) 03-Dyl-13 90.16(11)
03-Dyl-12 86.65(10)
Complex 2.
Dyl-13 3.0595(3) 02-Dyl1-13 89.04(4)
Dyl-I1 3.0121(3) 02-Dyl-I1 92.24(4)
Dyl-12 2.9886(3) 02-Dyl1-12 93.24(4)
Dy1-0O1 2.1844(14) 02-Dy1-0O1 170.21(5)
Dy1-02 2.1760(14) 02-Dyl-N1 83.46(6)
Dyl1-N1 2.5018(18) N1-Dyl-I3 83.57(4)
[1-Dy1-I3 168.321(5) N1-Dyl-I1 85.04(4)
[2-Dy1-I3 95.594(7) NI1-Dyl-12 176.60(4)
[2-Dyl-I1 95.923(8) O1-Dyl-12 96.48(4)
Ol1-Dyl-I3 88.83(4) O1-Dyl-N1 86.81(6)
Ol1-Dyl-I1 87.96(4)

Table S3. Shape analysis for the metal center of complexes 1 and 2.

ML6 HP-6(Dg) PPY-6(Cs,) OC-6(0y) TPR-6(Dy)  JPPY-

complex 1 34.245 26.357 2.845 14.768 28.246

complex 2 33.900 29.006 2.567 17.122 30.740

HP-6 (Dgy): Hexagon

PPY-6 (Csy): Pentagonal pyramid

OC-6 (Oy): Octahedron

TPR-6 (Dsy): Trigonal prism

JPPY-6 (Csy): Johnson pentagonal pyramid J2
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2. Stability characterization
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Figure S1. C80 heat-flow curve of 1 (a) and 2 (b) at a constant temperature of 35 °C
in air atmosphere.
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Figure S2. TGA curves of 1 and 2 in a N, flow at a heating rate of 5 °C min".
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Iyl

Figure S3. The supramolecular network for 1. Color codes: Dy, yellow; O, red; I,
purple; P, green; C, grey.

Y,
Figure S4. The supramolecular network for 2. Color codes: Dy, yellow; O, red; I,
purple; N, blue; P, green; C, grey.
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3. Magnetic measurements
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Figure S5. Thermal evolution of the magnetic susceptibility under a 1 kOe dc field for
complex 1. The experimental values are represented as dashed blue line while
theoretical data are represented as colored lines (solid red line by basis 1 and solid green
line by basis 2 of CASSCF/RASSI method).
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Figure S6. Thermal evolution of the magnetic susceptibility under a 1 kOe dc field for
complex 2. The experimental values are represented as dashed blue line while
theoretical data are represented as colored lines (solid red line by basis 1 and solid green
line by basis 2 of CASSCF/RASSI method).
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Figure S7. The zero-field-cooled/field-cooled (ZFC-FC) magnetic susceptibilities
under a 2 kOe dc field for complexes 1 (a) and 2 (b), respectively.
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Figure S8. Variable-field magnetization data for complexes 1 (a) and 2 (b) at 5-20 K.
The experimental values are represented as dashed lines while theoretical data are
represented as solid lines by CASSCF/RASSI method. The blue, red, yellow and green
lines correspond to the data at 5, 10, 15 and 20 K, respectively.
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Figure S9. Temperature-dependent in-phase y’ (a) and out-of-phase y” (b) ac

susceptibility signals at the indicated frequencies under zero dc field for 1.
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Figure S10. Frequency-dependent in-phase y' (a) and out-of-phase x” (b) ac

susceptibility signals for 1 at zero dc field.

Table S4. Extracted parameters from the Cole-Cole plots with the generalized Debye
functions for 1 under zero dc field.

T(K) xs (cm?mol ) xr(cm?mol ) a 7(8)
2 0.7713 3.80125 0.16343 4.43013E-4
4 0.3729 1.90028 0.18775 4.25028E-4
6 0.25123 1.26935 0.19269 4.12616E-4
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8 0.20350 0.95314 0.17487 3.98269E-4

0 0.17563 0.7631 0.14872 3.58852E-4
11 0.16277 0.6930 0.13551 3.30978E-4
12 0.14577 0.63525 0.12559 3.02334E-4
13 0.12791 0.58678 0.11925 2.6469E-4
14 0.11540 0.54477 0.11052 2.43556E-4
15 0.12142 0.5092 0.07647 2.1549E-4
16 0.07223 0.4786 0.1069 1.88659E-4
17 0.09909 0.44917 0.05171 1.6648E-4
18 0.06752 0.42593 0.10786 1.47563E-4
19 0.04795 0.40311 0.08985 1.2691E-4
20 0.03021 0.38292 0.06583 1.10605E-4
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Figure S11. Temperature-dependent in-phase y' (a) and out-of-phase y” (b) ac

susceptibility signals at the indicated frequencies under zero dc field for 2.
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Figure S12. Frequency-dependent in-phase y' ac susceptibility signals for 2 at zero dc
field.
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Table S5. Extracted parameters from the Cole-Cole plots with the generalized Debye
functions for 2 under zero dc field.

T(K) xs (cm3mol ™) yr(cm3mol ™) o 7(s)

2 0.46747 4.47518 0.22157 0.00479
4 0.26258 2.79639 0.2197 0.0047

6 0.17996 1.85427 0.21965 0.00463

8 0.13802 1.38731 0.21632 0.00452
10 0.11695 0.90672 0.2114 0.00441

12 0.09924 0.92450 0.19394 0.00416
14 0.08791 0.79304 0.18077 0.00392
16 0.07995 0.69469 0.16453 0.00364
18 0.07305 0.61719 0.14973 0.00334
20 0.06729 0.55423 0.13432 0.00304
22 0.06228 0.50331 0.12076 0.00274
24 0.05787 0.46084 0.1077 0.00245

26 0.05363 0.42518 0.09727 0.00218
28 0.04992 0.39473 0.08318 0.00193

30 0.0467 0.3680 0.07934 0.0017

32 0.04368 0.34525 0.07235 0.0015

34 0.0408 0.32504 0.06648 0.00132
36 0.03831 0.30724 0.06136 0.00117
38 0.03589 0.29138 0.0573 0.00103
40 0.03390 0.2770 0.05178 9.09E-04
42 0.03167 0.2639 0.04919 8.00E-04
44 0.02983 0.25205 0.04544 7.04E-04
46 0.02796 0.24135 0.04326 6.13E-04
48 0.02581 0.23154 0.04086 5.23E-04
50 0.02392 0.22237 0.03543 4.31E-04
52 0.02081 0.21422 0.03328 3.37E-04
54 0.01735 0.20625 0.02804 2.47E-04
55 0.01514 0.20244 0.0252 2.07E-04
56 0.01064 0.1990 0.02679 1.68E-04
57 0.00604 0.19559 0.02432 1.35E-04
58 0.00482 0.19217 0.02216 1.06E-04
59 0.00118 0.18842 0.0193 8.77E-05
60 0.000856 0.18605 0.0131 7.15E-05
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Figure S13. Field dependence of out-of-phase " ac susceptibility signals at (a) 8 K for
1 and (b) 30 K for 2.
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Figure S14. Temperature-dependent in-phase y’' (a) and out-of-phase y” (b) ac
susceptibility signals at the indicated frequencies under 800 Oe dc field for 1.
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Figure S15. Frequency-dependent in-phase y' (a) and out-of-phase y” (b) ac

susceptibility signals for 1 at 800 Oe dc field.

Table S6. Extracted parameters from the Cole-Cole plots with the generalized Debye

functions for 1 under 8000e¢ dc field.
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T(K) xs (cm?mol ) xr(cm?mol ) a 7(s)
6 0.19219 1.2668 0.0704 0.05165
8 0.14839 0.94639 0.05325 0.01214
10 0.11766 0.75762 0.05194 0.00454
11 0.10551 0.68815 0.05512 0.00303
12 0.09695 0.63189 0.0557 0.00212
13 0.08587 0.58396 0.05974 0.00151
14 0.07837 0.54268 0.06278 0.00111
15 0.06905 0.51056 0.08452 8.48194E-4
16 0.06171 0.47700 0.0675 6.27581E-4
17 0.04908 0.44968 0.07984 4.68627E-4
18 0.0352 0.42522 0.08654 3.52688E-4
19 0.01668 0.40313 0.09796 2.6114E-4
20 0.01233 0.38317 0.09587 2.00605E-4
21 0.00925 0.36466 0.08044 1.67762E-4
22 0.00815 0.34752 0.05333 1.36952E-4
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Figure S16. Temperature-dependent in-phase y’' (a) and out-of-phase y” (b) ac

susceptibility signals at the indicated frequencies under 800 Oe dc field for 2.
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Figure S17. Frequency-dependent in-phase y' (a) and out-of-phase y” (b) ac
susceptibility signals for 2 at 800 Oe dc field.

Table S7. Extracted parameters from the Cole-Cole plots with the generalized Debye
functions for 2 under 8000e dc field.

7(K) xs (cm?mol) xr(cm?mol) a 7(8)
20 0.06661 0.59772 0.0169 0.02234
22 0.06143 0.54627 0.01972 0.01628
24 0.05691 0.50003 0.01962 0.01207
26 0.05340 0.46184 0.01634 0.00916
28 0.04996 0.42967 0.01785 0.00709
30 0.04750 0.40037 0.01500 0.00555
32 0.04452 0.37507 0.01753 0.00443
34 0.04233 0.35306 0.01702 0.00356
36 0.0403 0.33377 0.01766 0.00291
38 0.03871 0.3160 0.01589 0.00239
40 0.03709 0.30068 0.01757 0.00198
42 0.03612 0.28592 0.01581 0.00165
44 0.03487 0.27329 0.01785 0.00137
46 0.03357 0.26149 0.01882 0.00113
48 0.03321 0.25071 0.01703 9.13E-04
50 0.03234 0.24067 0.01601 7.06E-04
52 0.03125 0.23141 0.01664 5.16E-04
54 0.03052 0.2227 0.01458 3.53E-04
56 0.02918 0.21458 0.01253 2.27E-04
58 0.02693 0.20741 0.01070 1.39E-04
60 0.01612 0.20029 0.01043 7.87E-05

S12



3

x"y/em” mol

=
ot
1

&
~
1

0.0

0.4 I 30.8 I 1.2
-1
Z'yy/em mol

(b) 4.5 6 K mmmp 22 K

0.2 0.4 0.6 0.8 1.0
' 2 1'1
X'y /em mo

Figure S18. Cole-Cole plots using the frequency-dependence ac susceptibility data
under (a) zero and (b) 800 Oe dc field for 1. The solid lines correspond to the best fits
obtained by the generalized Debye model.
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Figure S20. The plots of 7! vs. T'in a log-log scale for 1 under zero dc field. The solid
lines are fitness by a power law with parameters n = 2.28 above 14 K and 0.06 blow 6
K.
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Figure S21. Frequency-dependent in-phase y’ ac susceptibility signals for 1@Y at zero
dc field.

Table S8. Extracted parameters from the Cole-Cole plots with the generalized Debye
functions for 1@Y under zero dc field.

T(K) xs (ecmmol ) xr(cm?mol ) a 7(s)
6 1.37207 1.22793 0.09499 0.04483
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8 1.30634 1.19366 0.07044 0.01174

10 1.24571 1.15429 0.06955 0.00432
11 0.94197 0.85803 0.07054 0.0029
12 0.93901 0.86099 0.08266 0.00201
13 0.88615 0.81385 0.07577 0.00143
14 0.88386 0.81614 0.07522 0.00104
15 0.88204 0.81796 0.07668 7.80E-04
16 0.93048 0.86952 0.07613 5.98E-04
17 0.87914 0.82086 0.07647 4.63E-04
18 0.86782 0.81218 0.0716 3.61E-04
19 0.87658 0.82342 0.06329 2.89E-04
20 0.77552 0.72448 0.05757 2.33E-04
21 0.77478 0.72522 0.05652 1.89E-04
22 0.87434 0.82566 0.07117 1.48E-04
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Figure S22. Frequency-dependent in-phase y' (a) and out-of-phase y” (b) ac
susceptibility signals for 2@Y at zero dc field.

Table S9. Extracted parameters from the Cole-Cole plots with the generalized Debye
functions for 2@Y under zero dc field.

T(K) xs (cm3mol) xr(cmmol) a 7(s)
20 1.46822 1.43178 0.05730 0.01306
24 1.46602 1.43398 0.07107 0.00734
28 1.26342 1.23658 0.03537 0.00463
32 1.26197 1.23803 0.03784 0.00307
36 1.16079 1.13921 0.05278 0.00217
40 1.15962 1.14038 0.03903 0.00151
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44 1.25857 1.24143 0.02466 0.00111

46 1.15814 1.14186 0.01706 9.43E-04
48 1.25781 1.24219 0.02369 7.74E-04
50 0.95728 0.94272 0.00565 6.32E-04
52 0.95702 0.94298 0.01508 4.78E-04
54 0.95657 0.94343 0.00728 3.44E-04
56 0.8558 0.8442 0.00956 2.52E-04
58 0.85526 0.84474 0.00630 1.60E-04
60 0.85452 0.84348 0.00416 9.20E-04

4. Ab Initio Calculations

Computational Details. The calculations were carried out with MOLCAS 8.3! and are
of CASSCF/RASSI/SINGLE_ANISO type. Structures of complexes 1 and 2 were
calculated keeping the entire molecule and using the experimentally determined
coordinates of atoms (Figs. S19-20). Two basis set approximations have been employed:
1) a medium-sized DZP-quality basis set and 2) a large TZP-quality basis set; Table
S10 shows the contractions of the employed basis sets for all elements. Active space of
the CASSCF method included 9 electrons in 7 orbitals for Dy (4f orbitals of Dy** ion).
On the basis of the resulting spin-orbital multiplets SINGLE ANISO program?
computed local magnetic properties (g-tensors, magnetic axes, local magnetic
susceptibility, magnetization blocking barrier etc.)

Figure S23. Structure of complex 1.
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Figure S24. Structure of complex 2.

Table S10. Contractions of the employed basis sets in computational approximations
for basis 1 and basis 2.

Basis 1 (DZP-quality) Basis 2 (TZP-quality)
DY.ANO-RCC...7S6P4D2F1G DY.ANO-RCC...8S7P5D3F2G1H
[.LANO-RCC...6S5P3DIF [LANO-RCC...7S6P4D2F1G
P.ANO-RCC...4S3P1D P.ANO-RCC...5S4P2D1F
0O.ANO-RCC...382P1D 0.ANO-RCC...4S3P2DI1F
C.ANO-RCC...352P C.ANO-RCC...352P
H.ANO-RCC...28 H.ANO-RCC...2S

Table S11. The g tensors of the four Kramer doublets (KDs) of the ®H;s, ground
multiplet of Dy center in complex 1.

KDs Basis 1 Basis 2
g g

2x 0.0012 0.0017

I g 0.0022 0.0030
gz 19.8527 19.8538
ax 0.3056 0.3562
2 g 0.5987 0.7227
gz 16.5244 16.4379
gx 1.5617 1.53948
3 g 2.1271 2.2260
gz 16.7419 16.5403
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gx 8.1827 8.0504
4 g 6.3720 6.4406
gz 4.2923 43510

Table S12. The g tensors of the four Kramer doublets (KDs) of the °H;s;, ground
multiplet of Dy'!! center in complex 2.

KDs Basis 1 Basis 2
4 4

1 2x 0.0010 0.00086
gy 0.0013 0.0010

gz 19.8732 19.8764

2 ax 0.0276 0.02504
gy 0.0343 0.0306

gz 17.0217 17.0127

3 2x 0.7440 0.5788
gy 1.0167 0.7728

gz 13.6667 13.7351

4 2x 3.0409 10.1060
gy 6.7180 8.1193

gz 11.7576 3.6422

Table S13. Spin-orbital energies, angles of the main magnetic axes relative to the main
magnetic axis of the ground state and crystal field wavefunction of eight Kramer
doublets of the °Hs/, ground multiplet of Dy center in complex 1.

Spin-orbit energies, cm!

Basis 1 Basis 2 g2, angle(®) Crystal filed wavefunction
15
0.0 0.0 0 100% J_r7)
13
259.3 282.5 5.83 9204| £ )
3 1 11
365.0 392.8 80.89 28%| £ )+32%| £ 3)+11%| £ 5)
11 1
461.1 500.1 64.23 60%| + 3 )+16%)| * 3)
565.3 613.5 90.91 22%| & 5 }+339%| £ 5)+13%| £ 3)+13%
654.3 712.8 91.47 B
9 7 1
679.2 741.6 91.59 37%| + 3)+23%| + 3)+22%| + 5)
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3
+2)}+25%

5
t E>+21%

B

7
t E>+28%

|+2)

7
t E>+32%

712.2 775.3 86.70 13%

5
+2}+17%

9
t E>+41%

11%

Table S14. Spin-orbital energies, angles of the main magnetic axes relative to the main
magnetic axis of the ground state and crystal field wavefunctions of eight Kramer
doublets of the °Hs/, ground multiplet of Dy center in complex 2.

Spin-orbit energies, cm!

Basis 1 Basis 2 g2, angle(®) Crystal filed wavefunction
15
0.0 0.0 0 100%| % 5)
13
309.6 338.6 0.89 100%| 3
560.9 608.6 2.62 94%| + 3
672.8 732.8 481 28%| + 5)+65%] + 3)
735.1 793.5 83.88 21%| + 3}+70%] + 3)
750.8 813.1 36.97 639%| £ 3)+14%] + 3)+18%| £ 3)
786.4 855.2 85.55 14%| £ 5)+52%| £ 5)+20%| £ 5)
807.5 876.2 61.37 66%| % 5)+21%| % 3)

Table S15. The crystal-field parameters for 1 and 2. The high-order contributions of
k > 6 are omitted for clarity.

B(k, q)

g 1 1 2

2 -2 -3.5591E-01 1.1647E-01
2 -1 9.9446E-01 3.0028E-01
2 0 -3.4419E+00 1.0793E+01
2 1 1.2155E-01 1.1730E+00
2 2 2.9722E+00 2.633E-01
4 -4 5.6068E-03 -1.0802E-01
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4 -3 -1.0085E-02 2.4736E-02
4 -2 5.8721E-04 3.9674E-03
4 -1 -7.4376E-03 2.4346E-03
4 0 -9.9989E-03 7.3466E-02
4 1 -1.0730E-03 -1.9683E-02
4 2 -6.0830E-03 9.3453E-03
4 3 -2.6001E-04 4.4882E-03
4 4 -2.8523E-02 -8.8328E-02
6 -6 1.2888E-05 2.1757E-03
6 -5 -1.0261E-04 -6.6529E-04
6 -4 3.3517E-05 -2.5634E-03
6 -3 -5.3028E-05 4.4959E-04
6 -2 2.0144E-07 3.6112E-04
6 -1 4.2745E-06 2.5245E-04
6 0 2.7694E-05 7.2913E-04
6 1 4.5717E-06 -8.1422E-05
6 2 -4.6208E-05 6.9880E-04
6 3 3.8074E-07 7.7998E-05
6 4 -1.5468E-04 -2.0836E-03
6 5 -2.2083E-05 -9.4009E-04
6 6 -7.4275E-05 4.8438E-04

Table S16. QTM and TA-QTM (temperature assistant quantum tunneling of

magnetization) of 1 and 2.

1 2
QTM 7.99%10 3.24*10
TA-QTM(1) 0.18 9.28%107
TA-QTM(2) 1.77 0.22
TA-QTM(3) 1.85 3.01
TA-QTM(4) 2.03 2.42
TA-QTM(5) 2.59 1.04
TA-QTM(6) 2.68 2.15
TA-QTM(7) 2.61 1.73

Electronic and magnetic properties of Dy center of reduced
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structures of 1 and 2

Figure S25. Reduced structure of 1.

Figure S26. Reduced structure of 2.

Table S17. Contractions of the employed basis set for reduced structures.

Basis 2
DY.ANO-RCC...8S7P5D3F2G1H
LLANO-RCC...7S6P4D2F1G
P.ANO-RCC...5S4P2D1F
O.ANO-RCC...4S3P2DI1F
C.ANO-RCC...3S2P
H.ANO-RCC...2S

Table S18. Energies of eight Kramer doublets of the °Hs, ground multiplet of Dy'!!
center in reduced structures of 1 and 2.

Spin-orbit energies, cm-!
Reduced 1 Reduced 2
S22




Basis 2 Basis 2 Basis 2 Basis 2

CASSCF CASPT2 CASSCF CASPT2
0.0 0.0 0.0 0.0
264.8 3143 312.7 374.4
361.9 396.9 558.5 640.0
464.4 540.9 649.7 719.3
569.0 675.0 712.1 812.7
644.0 717.3 744.2 875.7
665.4 772.7 774.0 905.1
703.1 807.3 799.2 9333

Table S19. The g tensors of four Kramer doublets (KDs) of the °Hs/, ground multiplet

of Dy!!! center in reduced structures of 1 and 2.

Reduced 1 Reduced 2

KDs CASSCF CASPT2 CASSCF CASPT2
g g g g

gx 0.0012 0.0032 0.0013 0.0031

1 g 0.0025 0.0067 0.0017 0.0047
2 19.8528 19.8231 19.8727 19.8485
gx 0.3767 0.9492 0.0388 0.1466
2 4 0.7653 2.5366 0.0490 0.1929
. 16.4155 15.1639 16.7000 16.8706
ax 1.2250 0.1029 1.0315 2.4633
3 4 2.0907 2.7748 1.5616 5.0886
2 16.8198 14.2944 13.2588 11.1004
ax 8.2018 7.5844 11.2051 9.8348
4 o 6.5009 7.4242 7.9984 8.1516
2 47254 5.0359 2.34123 0.5570
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Figure S27. Experimental (dashed blue line) vs. calculated (solid red line by
CASSCF/RASSI and solid green line by CASPT2/RASSI) magnetic susceptibility data
of reduced structure of 1.

H/kOe

Figure S28. Experimental (dashed line) vs. calculated (solid line for CASSCF/RASSI
and start line for CASPT2/RASSI) magnetization data of reduced structure of 1. The
blue, red, yellow and green lines correspond to the data at 5, 10, 15 and 20K,

respectively.
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Figure S29. Experimental (dashed blue line) vs. calculated (solid red line by
CASSCF/RASSI and solid green line by CASPT2/RASSI) magnetic susceptibility data
of reduced structure of 2.

M/NB

H/kOQOe

Figure S30. Experimental (dashed line) vs. calculated (solid line for CASSCF/RASSI
and start line for CASPT2/RASSI) magnetization data of reduced structure of 2. The
blue, red, yellow and green lines correspond to the data at 5K, 10K, 15K and 20K,

respectively.
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Figure S31. Magnetization blocking barrier for reduced structure of 1 by CASSCF (a)
and CASPT2 (b). Each doublet state £M,arising from a given atomic multiplet 2+1L; is
placed according to its saturation magnetic moment (horizontal axis). The intensity of
the pink lines indicates the amplitude of the average transition magnetic dipole moment
in up between the connected states (see the legend in the right hand side), the square of
which roughly scales with the rate of spin-phonon transition between them.? The most

intense lines outline the magnetization blocking barrier (solid red lines).
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Figure S32. Magnetization blocking barrier for reduced structure of 2 by CASSCF (a)
and CASPT2 (b). Each doublet state M., arising from a given atomic multiplet 2+'L,1is
placed according to its saturation magnetic moment (horizontal axis). The intensity of
the pink lines indicates the amplitude of the average transition magnetic dipole moment
in ug between the connected states (see the legend in the right hand side), the square of
which roughly scales with the rate of spin-phonon transition between them.? The most

intense lines outline the magnetization blocking barrier (solid red lines).

Table S20. Comparison of 1 and 2 with some representative SMMs with the negatively-
charged oxygen ligands at the axial sites.

Hysteresis[
Others dpy.1 [A]
Complex Shortest dpy.o[A] U.[K] K](podH/dt

[mT s'])*

Ref.
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[Dy(LE)(PhO),](BPhy)-4THF
[Dy(LF)(4-MeOPhO),](BPh,)-3THF
[Dy(LF)(naPhO),](BPh,)-4THF
[Dy(LN¢)(2,4-di-‘Bu-PhO),](PFs)
[Dy(L®)(Ph3SiO),](PF)
[Dy(LN®)(Ph;SiO),](BPhy)
[Dy4K,0(OtBu);,]
[DysO(O'Pr);3]
[(ArO)Dy-(OAr")]
[Dy(u-OH)(DBP),(THF)],
[Dy(O'Bu)(py)s][BPhy]
[Dy(bbpen)Cl
[Dy(bbpen)Br
[Dy(CysPO)sl5]-2THF
[Dy(Cy;PO),I;CH;CN]

2.108
2.089
2.100/2.084
2.130/2.146
2.153/2.163
2.143/2.151
2.068-2.092
1.95-2.15
2.126/2.191
2.09/2.12
2.110/2.114
2.166
2.163
2.212
2.176/2.184

2.669-2.689
2.677-2.704
2.653-2.737
2.588-2.638
2.551-2.641
2.606-2.635
2.305-2.515
2.27-2.66
2.858-3.105
2.24-2.38
2.534-2.580
2.579-2.681
2.578-2.851
2.223-3.0974
2.502-3.060

1100
1338
1226
973
1080
1124
696
528
961
721
1815
708
1025

1062

2(1.2)
6(1.2)
6(1.2)
3(4)
3(4)
5(4)
5(140)
1.85
6(0.17)
8(20)
14(1.2)
8(20)
14(20)
4(18)
9(18)

O© 0 9 AN L L A A~ RN

—_—
e )

11

This work
This work

2 The maximum opening temperature for hysteresis loops at a given sweep speed.
LE = 2,6-pyridinedicarboxaldehyde and (1R,2R)-(+)-1,2-diphenylethylenediamine

Ph3SiO™ = anion of triphenylsilanol

2,4-di-'Bu-PhO™ = anion of 2,4-di-tertbutylpheno

Ar = 2,6-Dipp,CsH;

Ar' = 6-Dipp-2-(2"-iPr-6'-CHMe(CH, )CgH3)CsH;0

Dipp = 2,6-diisopropylphenyl
DBP =2,6-di-tert-butylphenolate)

H,bbpen = N,N'-bis(2-hydroxybenzyl)-N,N'-bis(2-methylpyridyl)ethylenediamine

Table S21. Comparison of the structural and magnetic properties of the reported

Octahedral Dy'"" SMMs.

Hysteresis[
Ut [K] (applied dc
Complex Pseudo geometry K](nodH/dt[ Ref.
field/Oe)
mT s1])?
[Dy(BIPMT™S),]- Octahedral 721, 813 10(3.5) 12
[Dy(DiMeQ),Cl3(H,0)] Octahedral 1100 <1.8 13
[DyImPPPNCI,(THF);] Octahedral 803 2 14
[Dy4K,O(OtBu),5] Octahedral 696 5(140) 6
[DysO(OiPr),;] Octahedral 528 1.85 7
[Zn,Dy(L,),]* Octahedral 64(1200) - 15
[DyOAr*Cly(THF);] Octahedral 52(1400) 15
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[Dy(Cy;PO),(C,HsOH)CL;]-C,HsOH ~ Octahedral 51.2(1200) - 16

[Dylrs(ppy)12(bpp)2(bppH)4]* Octahedral 42.9(1000) - 17
[Dy(L*7);] Octahedral 33.8, 14.8 - 18
[Dy(OPPh;);Cl;5] Octahedral 35.1(1000) - 19
[Dy(OPPh3),C1,]Cl1 Octahedral - - 19
[Dy(OPPh3)4Cl,] (FeCly) Octahedral - - 19
[Dy(AlMey)s;] Octahedral 14.4(1000) - 20
[Dy(Log)2](PF¢) Octahedral 25.9 - 21
[Dy4{N(SiMe3), } 4(u-SEt)g(14-SEL) | Octahedral 66.1 - 22
{(H30)[Dy.04Y0.96s(NA),]-H,O}, Octahedral 75 - 23
[Ln(IPy);]-solv Octahedral 40.3 - 24
[Dy(Cy;PO);15]-2THF Octahedral - 4(18) This work
[Dy(CysP0O),1;CH;CN] Octahedral 1062 9(18) This work

2 The maximum opening temperature for hysteresis loops at a given sweep speed.
BIPM™SH, = H,C(PPh,NSiMej;),]

DiMeQ = 5,7-dimethyl-8-oxoquinolinium

ImPPPNH = 1,3-bis(2,6-diisopropylphenyl) imidazolin-2-imine
L1=2,2",2""-(((nitrilo-tris(ethane-2,1-diyl))tris(azanediyl))tris(methylene))tris-(4-bromo-phenol)
Ar* = 2,6-Ph,-C¢Hy-Me,2,6-bis(diphenylmethyl)-4-methylphenyl)

ppy” = 2-phenylpyridine, bpp>~ = 2-pyridylphosphonate

L = 2,6-diisopropyl-N-(2-pyridinylmethylene)-phenylamine

OPPh; = triphenylphosphine oxide

Loer = [CpCo{P(O)(OEt)}s]

H,NA = 5-hydroxynicotinic acid

TpMe2 = tris(3,5-dimethylpyrazolyl)borate)

[Py = iminopyridine
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