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1. Single crystal X-ray crystallography

Table S1la. Crystal data and structure refinement for 1 and 2.

Compound

[Dy(bbpen)Cl] (1)

[Dy(bbpen)Br] (2)

Empirical formula
Formula weight
Temperature / K

Crystal system

Space group

a/A

b/A

c/A

Volume / A2

Zz

Pec/ g.cm”

§/ mm™

F(000)

Crystal size / mm’
Reflections collected
Independent reflections
Data / Restraints / Parameters
Goodness-of-fit on F
Final R indices [I220(/)]°
Final R indices [all data]b
Largest diff. peak and hole / e.A

DyCIO;N,CygHas
650.49

150

Orthorhombic
C222,

8.7031(5)
17.1806(9)
16.9926(12)
2540.8(3)

4

1.701

3.079

1292.0

0.10 x 0.06 x 0.04
7078

2805 [Ri, = 0.0612]
2805/0/ 164
1.042
R;=0.0383,wR, = 0.0653
R;=0.0478,wR, = 0.0686
1.058 and -1.421

DyBrO,N,CygH,s
694.94

150

Orthorhombic

C222,

8.7136(6)
17.3862(13)
17.0830(12)
2588.0(3)

4

1.784

4.464

1364.0

0.226 x0.141 x 0.133
5202

2480 [Rin: = 0.0327]
2480 0/ 164

1.099

R; =0.0253,wR, = 0.0617
R; =0.0289,wR, = 0.0675
1.561 and -1.012

Ry= 2| |Fol - [Fl /21 Fol, "WRy = [SW(F, - FEY/Zw(F,2)1Y
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Table S1b. Crystal data and structure refinement for 3 and 4.

Compound

[Y(bbpen)Cl] (3)

[Y(bbpen)Br] (4)

Empirical formula
Formula weight
Temperature / K

Crystal system

Space group

a/A

b/A

c/A

Volume / A?

Zz

Pearc / g.cm”

pu/ mm™

F(000)

Crystal size / mm’
Reflections collected
Independent reflections
Data / Restraints / Parameters

Goodness-of-fit on F

Final R indices [/>20(/)]°

Final R indices [all data]b

Largest diff. peak and hole / e.A

YCIO;N4CogHog
576.90

150
Orthorhombic
€222,

8.6871(4)
17.1521(6)
17.0046(6)
2533.72(17)

4

1.512

4.480

1184.0

0.12x 0.08x 0.07
2839

1697 [R;,; = 0.0273]
1697 /0/ 164
1.070
R;=0.0305

wR, = 0.0754
R;=0.0319

wR, = 0.0765
0.245 and -0.394

YBrO,N4CygHog
621.36

150
Orthorhombic
C222,

8.6882(4)
17.3517(9)
17.0584(8)
2571.6(2)

4

1.605

5.278

1256.0

0.18x 0.15x% 0.07
2879

1749 [R;, = 0.0296]
1749 /0/ 164
1.027

R, =0.0317

wR, =0.0775

R, =0.0340

wR, = 0.0802
0.813 and -0.493

Ry= 2| |Fol - [Fl /21 Fol, "WRy = [SW(F, - FEY/Zw(F,2)1"
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Figure S1. Thermogravimetric analysis for 1 (blue) and 2 (red) under N, atmosphere (10 K min™).

Figure S2. Molecular structure for 1. Hydrogen atoms are omitted for clarity. Color codes: Dy, gold; Cl, green; O, red;
N, blue; C, silver.
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Table S2a. Selected bond distances (A) and bond angles (9 for 1 and 2.

Compound 1
Bond lengths around Dy(1)
Dy(1)-0(1) 2.166(4)
Dy(1)-N(2) 2.587(5)
Dy(1)-N(2) 2.579(4)
Dy(1)-CI(1) 2.6818(16)

Compound 2
Bond lengths around Dy(1)
Dy(1)-0(1) 2.163(3)
Dy(1)-N(1) 2.578(4)
Dy(1)-N(2) 2.594(4)
Dy(1)-Br(1) 2.8515(6)

Bond angles including Dy(1)

Bond angles including Dy(1)

0O(1)-Dy(1)-0(1a) 154.3(2) 0(1)-Dy(1)-O(1a) 155.79(18)
O(1)-Dy(1)-N(1) 76.05(14) 0O(1)-Dy(1)-N(1) 76.94(11)
0O(1)-Dy(1)-N(2) 97.59(14) 0O(1)-Dy(1)-N(2) 97.27(13)
0O(1)-Dy(1)-CI(1) 102.86(11) 0O(1)-Dy(1)-Br(1) 102.11(9)
N(2)-Dy(1)-N(2a) 160.0(2) N(2) -Dy(1)-N(2a) 160.5(2)
N(2)-Dy(1)-CI(1) 80.02(11) N(2)-Dy(1)-Br(1) 80.26(10)
Symmetry transformations used to generate equivalent atoms: a) -x+1, y, -z+1/2
Table S2b. Selected bond distances (A) and bond angles (<) for 3 and 4.
Compound 3 Compound 4
Bond lengths around Y(1) Bond lengths around Y(1)
Y(1)-0(1) 2.158(3) Y(1)-0(1) 2.152(3)
Y(1)-N(2) 2.578(3) Y(1)-N(2) 2.562(4)
Y(1)-N(2) 2.561(3) Y(1)-N(2) 2.580(4)
Y(1)-CI(1) 2.6586(12) Y(1)-Br(2) 2.8296(7)

Bond angles including Y(1)

Bond angles including Y(1)

0(1)-Y(1)-O(1a) 154.49(15)
O(1)-Y(1)-N(1) 76.43(10)
0(1)-Y(1)-N(2) 97.61(11)
O(1)-Y(1)-CI(1) 102.76(7)
N(2)-Y(1)-N(2a) 160.21(15)
N(2)-Y(1)-CI(L) 80.10(8)

0(1)-Y(1)-O(la) 155.75(18)
O(1)-Y(1)-N(1) 77.04(12)
0(1)-Y(1)-N(2) 97.25(13)
0(1)-Y(1)-Br(1) 102.13(9)
N(2) -Y(1)-N(2a) 160.14(18)
N(2)-Y(1)-Br(1) 80.07(9)

Symmetry transformations used to generate equivalent atoms: a) -x+1, y, -z+1/2.
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Table S2c. Weak intermolecular interactions and distances between neighboring molecules packing along a, b

and c directions for 1 and 2.
L Weak interaction between
Direction . . Compound 1 Compound 2
neighboring molecules
Dy---Dy 8.7031(5) A 8.7136(6) A
a C4-H4---r 2.7106 A 2.7456 A
C8-H8A(B)---x 2.7643 A 2.7609 A
Dy---Dy 0.6296(5) A 0.7238(7) A
b X---H8B(A)-C8 3.1499(14) A 3.0910(5) A
X---H10-C10 3.0547(9) A 3.0539(3) A
. Dy---Dy 8.5001(6) A 8.5482(6) A
01---H13-C13 2.8303(34) A 2.8463(32) A
Compound 1 Compound 2
—— Simulation — Simulation
—— Experiment

o
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20/ degree
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Figure S3. Experimental and simulated X-ray powder diffraction (PXRD) patterns for 1-4.
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Figure S5. The supramolecular network for 2. There are two different orientations of the molecules in a unit cell. The
dash lines correspond weak interactions between the neighboring molecules: C-H---t (green and purple); X---H-C
(blue); O---H-C (red). Color codes: Dy, yellow; Br, brown; O, red; N, blue; C, grey; H, pale blue.
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Table S3. Lanthanide geometry analysis by using Continuous Shape Measurements (CShM).®

HP-7 HPY-7 PBPY-7 COC-7 CTPR-7 JPBPY-7 JETPY-7
Compound
(D7n) (Cov) (Dsh) (Cs) (C) (Dsh) (Cs)
1 33.833 22.436 2.048 8.482 6.898 2.351 20.701
2 33.919 22.788 2.327 8.880 7.207 2.405 21.385

HP-7 = Heptagon; HPY-7 = Hexagonal pyramid; PBPY-7 = Pentagonal bipyramid; COC-7 = Capped
octahedron; CTPR-7 = Capped trigonal prism; JPBPY-7 = Johnson pentagonal bipyramid J13; JETPY-7 =
Johnson elongated triangular pyramid J7.

“(a) Alvarez, S., Alemany, P., Casanova, D., Cirera, Llunell, J., M., Avnir, D. Coord. Chem. Rev., 2005, 249,
1693-1708; (b) Casanova, D., Llunell, M., Alemany, P., Alvarez, S. Chem. Eur. J., 2005, 11, 1479-1494.
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2. Magnetic characterization
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Figure S6. Field-dependencies of magnetization for 1 (left) and 2 (right) at indicated temperatures. The field range

0 T T T

is 0-7 T. The solid lines correspond to the ab initio calculations.
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Figure S7. Frequency dependence of the x.'T product and out-of-phase (x."”) components of the ac magnetic

susceptibility for 1 under zero applied dc field.

0.5
0.4 -
S
E 03]
3
(&)
s 02-
& h g
014 &
0.0 T T I I

. . . . . .
0.00 0.25 0.50 0.75 1.00 1.25

7', cm’mol”
Figure S8. Cole-Cole plot of 1. The solid lines are the best fits for the generalized Debye model (0.05 < a < 0.15,

between 11 and 19 K).
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Figure S9. Cole-Cole plot of 2. The solid lines are the best fits for the generalized Debye model (0 < a < 0.1, between

11 and 33 K).
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Figure S10. Frequency dependence of the yx,'T product and out-of-phase (x.") components of the ac magnetic

susceptibility for 1 under 2 kOe applied dc field.
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Figure S11. Frequency dependence of the x,'T product and out-of-phase (x.") components of the ac magnetic

susceptibility for 2 under 2 kOe applied dc field.
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Figure S12. Alternating-current molar magnetic susceptibilities and magnetic relaxation for Dy@3. (a, b)
Temperature- and frequency-dependence of the in-phase (x',,7) product and out-of-phase (x",,) under zero dc field
for Dy@3 with the ac frequency of 1-1488 Hz. (c) Frequency-dependence of the in-phase (x'.7) product and
out-of-phase (x".) under 2 kOe dc field for Dy@3. (d) Temperature dependence of the magnetic relaxation time
zunder 0 Oe and 2 kOe are shown as 7 versus 7'1, where the values at low temperature were obtained from relaxation
measurements of the dc magnetization (filled triangles). The solid lines correspond to a fit to the Arrhenius

expression; the energy barriers derived from the linear high-temperature part of the curves are also given. The

Arrhenius plot enlarged at high-temperature regime is shown in Figure S15a.
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Figure S13. Alternating-current molar magnetic susceptibilities and magnetic relaxation for Dy@4. (a, b)
Temperature- and frequency-dependence of the in-phase (x'T) product and out-of-phase (x") under zero dc field
for Dy@4 with the ac frequency of 1-1488 Hz. (c) Frequency-dependence of the in-phase (x¥'7) product and
out-of-phase (x"m) under 2 kOe dc field for Dy@4. (d) Temperature dependence of the magnetic relaxation time
zunder 0 Oe and 2 kOe are shown as 7 versus T, where the values at low temperature were obtained from relaxation
measurements of the dc magnetization (filled triangles). The solid lines correspond to a fit to the Arrhenius
expression; the energy barriers derived from the linear high-temperature part of the curves are also given. The

Arrhenius plot enlarged at high-temperature regime is shown in Figure S15b.
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Figure S14. Variable-field magnetization data and FC (blue) and ZFC (red) measurements for Dy@3 (a, c) and Dy@4
(b, d). Magnetic hysteresis loops were measured at a sweep rate of 0.02 Ts™* in the temperature range of 2 to 10 K for
Dy@3 (a) and 2 to 14 K for Dy@4 (b).
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Figure S15. Temperature dependences of the magnetic relaxation times (z) under 0 Oe and 2 kOe for 1 and Dy@3
(a) 2 and Dy@4 (b). Plots of the inverse temperature versus the natural log of the relaxation time with the solid lines
correspond to a fit to the Arrhenius expression; the energy barriers derived from the linear high-temperature part of

the curves are also given.
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Figure S16. Temperature dependences of the magnetic relaxation times (7) in log-log scale for 1, 2 and Dy@3 and

Dy@4.

Table S4. The relaxation barrier (Hq. = 0 Oe), highest hysteresis temperature and highest AC-peak temperature (Hy. =

0 Oe) of the out-of-phase (x.") for selected single-molecule magnets

Hysteresis AC-peak
Compound Ueti/ka [K] temperature [K] temperature [K] Reference
[Mn1,01,(0AC)16(H,0)4] 74 4 6.8 (500 Hz) 1
[Fe(C(SiMes)s),] 325 4.5(0.005Ts™) 29 (1488 Hz) 2
[Er,(COT),)> 306 12(0.0022Ts")  32(1500 Hz)
EraR [Er,(COT")5] 335 14(0.0022TsY) 26 (1500 Hz) >
{[(MesSi)NL(THF)Tb)o(u-n":n*N,)~ 327 14 (0.00009 Ts™) 34 (1500 Hz) 4
[Zn,Dy(L),(MeOH)]" 439 11(0.02Ts™) 29.6 (1488 Hz) 5
[Fe,Dy(L),(H,0)]" 459 - 33 (1488 Hz) 6
[A;B-Th-Pc] 505 0.04(0.28 Ts™) 44 (997 Hz) 7
[Tb(Pc),Feal 526 1.8 (1 Tmin™) — 8
[Tb(Pc),]” 591 — 50 (997 Hz) 9
[Th{Pc(phth'®)},]” 617/667  2(0.017Ts" 50 (9999 Hz) 10
[Tb{Pc(S-DOP)s},] 691 - 45 (1488 Hz) 11
TbRR’ [Tb{Pc(OEt)s},]” 733 — 52 (997 Hz) 12
[Tb{Pc’(SR)s},] 764 /866  1.8° 52-53 (1488 Hz) 13
[Tb(Pc),]”" 800 1.5(1 T min™?) - 14
[TbPc,(OCy H,)s) 811 10 (0.05Ts™) - 15
[Pc,Tb] [TBA] 841/923 — 40 (997 Hz) 16
[Tb(Pc)(Pc)] 938 2° 58 (10 000 Hz) 17
[DysO(OiPr);s) 528/804  5(0.001Ts™) 41-48 (1400 Hz) 18,19
[Dy4K,0(0Bu)y,] 316/842  6(0.001Ts™) 42-56 (1200 Hz) 19
[Ln(BIPM™"),] 721/813  16(0.0035Ts") 40 (1400 Hz) 20
[Dy(Cy;PO),(H,0)s]Brs 543 20(0.02Ts™) 35 (1488 Hz) 21
cl 708 8(0.02Ts™) 50 (1488 Hz)
[Dy(bbpen)X] Br 1025 14 (0.02Ts™) 60 (1488 Hz) This work

®Field sweep rate unknown

— Not reported/attempted
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Figure S17. Magnetization vs. magnetic field hysteresis loops for 1 at the indicated temperatures and a fixed
field sweep rate, where the magnetic field applied in the antiferromagnetic projection. The magnetization is
normalized to its saturation value M at 1.4 T.
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Figure S18. Magnetization vs. magnetic field hysteresis loops for 1 at the indicated sweep rates and 4 K (top) and
at the indicated temperatures and a fixed field sweep rate (down), where the magnetic field applied in the
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ferromagnetic projection. The magnetization is normalized to its saturation value M;at 1.4 T.
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Figure $19. Magnetization vs. magnetic field hysteresis loops for 2 at the indicated sweep rates and a fixed
temperature (top) and at the indicated temperatures and a fixed field sweep rate (bottom), where the magnetic
field applied in the ferromagnetic projection. The magnetization is normalized to its saturation value M;at 1.4 T.
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Figure S20. Magnetization vs. magnetic field hysteresis loops for Dy@3 at the indicated sweep rates and a fixed
temperature (left) and at the indicated temperatures and a fixed field sweep rate (right), where the magnetic
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field applied in the ferromagnetic projection. The magnetization is normalized to its saturation value M;at 1.4 T.
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Figure S21. Magnetization vs. magnetic field hysteresis loops for Dy@4 at the indicated sweep rates and a fixed
temperature (top) and at the indicated temperatures and a fixed field sweep rate (bottom), where the magnetic

field applied in the ferromagnetic projection. The magnetization is normalized to its saturation value M;at 1.4 T.
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3. Ab initio calculations

Table S5 | Contractions of the employed basis sets.

Basis 1

Basis 2

Dy.ANO-RCC-MB
Br. ANO-RCC-MB.
N.ANO-RCC-MB.
O.ANO-RCC-MB.

C.ANO-RCC.KP.14s9p4d3f2g.2

sip.
H.ANO-RCC-MB.

Dy.ANO-RCC-VDZP.
Br.ANO-RCC-VDZP.
N.ANO-RCC-VDZP.
0O.ANO-RCC-VDZP.
C.ANO-RCC.KP.14s9p4d3f2g.3s2
pld.
H.ANO-RCC-VDZP.

Basis 3 Basis 4

Dy.ANO-RCC-VTZP. Dy.ANO-RCC-VQZP.
Br.ANO-RCC-VTZP. Br.ANO-RCC-VQZP.
N.ANO-RCC-VTZP. N.ANO-RCC-VQZP.
O.ANO-RCC-VTZP. 0O.ANO-RCC-VQZP.
C.ANO-RCC.KP.1459p4d3f29.3s2 | C.ANO-RCC.KP.14s9p4d3f2g.4s3
pld. pld.

H.ANO-RCC-VDZP. H.ANO-RCC-VDZP.

Table S6. Energies of the lowest Kramers doublets (cm™) of Dy center in 1.
Spin-orbit energies, cm™

Basis 1
0.000
447.866
738.779
881.594
971.809
1037.069
1080.016
1171.543

Basis 2

0.000
354.123
540.155
602.450
660.910
679.301
686.770
766.829

Basis 3

0.000
380.691
584.367
654.967
724.422
747.482
758.814
839.077

Basis 4

0.000
382.399
585.501
654.902
725.540
748.571
762.217
843.918

Table S7. The g tensors of the lowest Kramers doublets (KD) of Dy center in 1.

KD Basis 1
g
Ox 0.00056
1 Ov 0.00068
Oz 19.87745
Ox 0.03978
5 Ov 0.05312
Oz 16.93373
Ox 0.81061
3 Ov 1.27976
Oz 13.60903
Ox 7.79145
4 Ov 7.14091
Oz 4.82906

Basis 2
g
0.00112
0.00146
19.87255

0.11911
0.17291
16.92406

2.23848
5.37379
11.39709

7.42644
7.02948
1.90872

Basis 3

g
0.00106

0.00137
19.87528

0.10691
0.15498
16.92061

2.12193
4.82658
11.75264

7.69783
6.85361
2.50638

Basis 4

g
0.00112

0.00146
19.87479

0.11201
0.16432
16.91176

2.25819
5.36210
11.42105

7.38111

6.91198
2.02435
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Table S8. Energies of the lowest Kramers doublets (cm™) of Dy center in 2.

Basis 1

0
463
782
959
1050
1106
1133
1217

Spin-orbit energies, cm™

Basis 2

0
362
573
654
702
716
722
793

Basis 3

0
391
624
719
778
792
800
871

Basis 4

0
394
627
721
780
795
802
876

Table S9. The g tensors of the lowest Kramers doublets (KD) of Dy center in 2.

KD

Ox
1 oy
9z
Ox
2 Oy
9z
Ox
3 Oy
9z
Ox
4 Oy
9z

Basis 1

g
0.000313

0.000360
19.882407
0.023550
0.029052
16.964680
0.354602
0.489713
13.996553
3.746841
5.738474
9.114222

Basis 2

g
0.000583
0.000702

19.878331
0.072472
0.092466

16.992631
0.929668
1.771935

13.368971
4.336161
6.167173
9.955584

Basis 3

g
0.000513

0.000616
19.881182
0.061349
0.077615
16.988073
0.814434
1.437158
13.572067
4.913048
6.188264
9.559464

Basis 4

g
0.000534

0.000642
19.880887
0.062514
0.079536
16.984725
0.868142
1.558885
13.509816
4742735
6.037865
9.820387
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