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Figure S1. Experimental (red) and calculated (blue, CASPT2 level) magnetizations and

susceptibilities for the three Yb'! complexes studied that are field-induced single-molecule

magnets.
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Figure S2. Number of hits for the different geometries with coordination number 3 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Figure S3. Number of hits for the different geometries with coordination number 4 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Figure S4. Number of hits for the different geometries with coordination number 5 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Figure SS. Number of hits for the different geometries with coordination number 6 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Figure S6. Number of hits for the different geometries with coordination number 7 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Figure S7. Number of hits for the different geometries with coordination number 8 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Figure S8. Number of hits for the different geometries with coordination number 9 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Figure S9. Number of hits for the different geometries with coordination number 10 of

mononuclear Yb™ complexes found in CSD and classified with the Shape code.
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Table S1. CASPT2/RASSI results for the [Yb(H20).]** models. The values of the
different components of the g-tensor and the percentage of the state My = 7/2 of the
fundamental state are shown, as well as the values obtained for the relaxation of the
magnetization through the tunnel effect in the ground state (state 0) and Orbach through
the first excited state (state 1). Matrix elements of the transition magnetic moments

between two states above 0.10 indicate that the relaxation path is relevant.

M; 7/2 Tunnel Orbach
model label gL g (%) state 0 state 1
Linear-2 2 6.51 1.17 0 1.52 0.06
Divacant Tetrahedron-2 25 0.56 7.38 88 0.13 0.87
Trigonal Planar-3 3 0.42 7.96 100 0.10 0.12
Square Planar-4 4, 0.07 7.92 99 0.01 0.02
Tetrahedron-4 4, 3.20 5.53 66 0.75 0.98
Trigonal Bipyramid-5 51 3.36 5.82 69 0.71 1.07
Square Pyramid-5 52 0.18 7.84 98 0.04 0.08
Octahedron-6 61 221 4.89 65 0.51 1.00
Trigonal Prism-6 62 0.74 7.56 96 0.16 0.82
Capped Trigonal Prism-7 T2 0.30 7.53 91 0.06 0.72
Pentagonal Bipyramid-7 73 0.14 7.97 100 0.03 0.17
Square Antiprism -8 81 0.10 7.84 97 0.02 0.09
Triangular Dodecahedron-8 82 2.62 5.88 67 0.53 0.80
Capped Square Antiprism-9 9 1.35 6.27 83 0.30 0.54
Tricapped Trigonal Prism-9 % 1.06 6.24 73 0.24 1.16
Sphenocorona-10 10 2.04 7.11 90 0.47 0.65
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Figure S10. Calculated [Yb(OH)3(H20)n3] models at CASPT2/RASSI level (see Tables
S2, S3 and S4). The hydroxo ligands are represented with the gray spheres in the
geometry.
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Table S2. Results for the neutral models of coordination from 2 to 7 with OH™ and H>O
ligand, [Yb(OH)3(H20).-3] (see labels Fig. S10). The values of the different components
of the g-tensor and the percentage of the state M; = 7/2 of the fundamental state are shown,
as well as the values obtained for the relaxation of the magnetization through the tunnel
effect in the ground state (state 0) and the first excited state (state 1) and Orbach through
the first excited state (state 1). Matrix elements of the transition magnetic moments
between two states above 0.10 indicate relevant mechanism. Systems with spin relaxation
though excited states in bold. In red, systems with intermediate g. value.

label g g M;7/2  Tunnel Orbach Tunnel

Model x> e z (%) state 0 state 1 state 1
Linear-2 la 1.11 327 5.77 68 0.73 1.08 0.41
Divacant tetrahedron-2 2a 098 264 6.24 74 0.60 1.06 0.62
Trigonal Planar-3 la= 015 016 798 100 0.05 0.06 0.07
Plano Cuadrado-4 l1a 016 025 7.88 98 0.07 0.11 0.71
Tetrahedron-4 2 025 0.28 791 99 0.09 0.12 0.10
1a 023 034 7.86 98 0.10 0.23 1.03
Trigonal Bipyramid-5 1b 0.18 0.19 797 100 0.06 0.09 0.18
Ic 060 1.14 7.38 90 0.29 0.44 1.02
2a 037 0.60 7.72 96 0.16 0.32 1.06
Square Pyramid-5 2b 016 030 7.82 98 0.08 0.24 0.50
2c  0.63 136 7.15 87 0.33 0.91 0.88
Octahedron-6 1a 029 232 5.61 70 0.44 0.94 0.47
Ib 035 0.67 7.61 94 0.17 0.71 1.01
22 022 191 5.71 65 0.36 1.27 0.60
Trigonal Prism-6 2b 050 089 7.57 94 0.23 1.03 1.02
2¢ 022 038 7.54 91 0.10 0.86 1.33
la 064 0.69 6.87 79 0.22 0.79 1.53
Ib 088 224 6.60 81 0.52 0.62 1.19
Ic 0.61 1.58  6.90 83 0.37 1.05 1.02
1d 035 060 7.14 84 0.16 0.72 1.60
Capped Trigonal le 0.04 0.08 7.72 95 0.02 0.14 0.12
Prism-7 if 025 037 7.83 98 0.10 0.19 0.75
lg 037 062 7.65 94 0.16 0.34 0.91
1th 023 034 7.71 95 0.10 0.27 0.86
i 005 0.09 7.73 95 0.02 1.06 0.52
1j 017 019 7.92 99 0.06 0.16 0.52
2a 079 1.67 7.09 88 0.41 0.92 1.02
2b 0.07 021 7.65 94 0.05 0.76 0.09
Pentagonal 2¢ 063 142 716 89 0.34 1.02 0.72

Bipyramid-7

2d 033 047 784 98 0.13 0.78 1.27
2¢ 0.24 036 7.81 97 0.10 0.74 0.94
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Table S3. Results for the neutral models of coordination 8 and 9, [Yb(OH)3(H20).-3] (see
labels Fig. S10). The values of the different components of the g-tensor and the
percentage of the state M = 7/2 of the fundamental state are shown, as well as the values
obtained for the relaxation of the magnetization through the tunnel effect in the
fundamental state (state 0) and the first excited state (state 1) and Orbach through the first
excited state (state 1). Matrix elements of the transition magnetic moments between two
states above 0.10 indicate relevant mechanism. Systems with spin relaxation though
excited states in bold. In red, systems with intermediate g.. value.

M;7/2  Tunnel Orbach Tunnel

Model label  gx  Gyy Gzz (%) state 0 state 1 state 1
Square 1a 020 024 787 98 0.07 0.56 0.85
Antiprism-8 b 014 025 7.60 93 0.06 0.13 0.35
le 023 036 777 9 0.10 0.20 0.82

1d 013 020 772 94 0.06 0.09 0.63

le 034 0.63 7.60 93 0.16 0.80 0.90

Triangular 2a 047 0.72 768 96 0.20 0.35 0.86
Dodecahedron-8 2, 0.15 022 7.75 95 0.06 0.11 0.78
2¢ 027 116 650 78 0.24 0.92 0.80

2d 027 050 771 95 0.13 0.77 0.77

2¢ 035 0.73 733 88 0.18 0.38 0.96

26 007 015 7.84 97 0.04 0.06 0.57

2¢ 106 283 617 76 0.65 1.04 0.65

2h 034 066 754 92 0.17 0.47 0.96

Capped Square 1a 087 147 7.18 91 0.39 0.61 0.59
Antiprism-9 b 032 058 7.66 95 0.15 1.03 0.47
lec 016 036 7.65 94 0.09 0.90 1.51

1d 043 053 787 99 0.16 0.20 0.29

le 007 018 7.82 98 0.04 0.15 0.66

1If 041 075 755 92 0.19 0.74 1.03

lg 064 1.10 751 94 0.29 0.67 1.00

lh 037 077 736 91 0.19 0.39 0.50

i 052 079 7.68 96 0.22 0.82 1.38

lj 031 053 767 94 0.14 0.25 0.90

Ik 029 048 750 9] 0.13 0.92 1.07

11 495 321 0.80 1 1.36 1.37 1.46

Im 013 020 7.85 98 0.06 0.12 0.43

In 043 087 725 86 0.22 0.90 0.91

lo 112 296 6.06 77 0.68 1.06 0.58

Ip 022 039 776 98 0.10 0.26 0.45

2a 160 248 530 68 0.68 1.03 0.63

2b 062 066 7.84 99 0.21 0.25 0.38

2¢ 020 026 7.84 98 0.08 0.13 0.79

2d 059 269 580 93 0.55 0.97 0.63

. 2¢ 067 1.02 758 96 0.28 0.46 0.84
Tricapped 2 037 066 743 94 0.17 0.86 1.12

Trigonal Prism-9

2¢ 062 132 715 93 0.32 0.96 0.96

2h 043 060 772 96 0.17 0.70 1.52

2i 065 073 7.67 95 0.23 0.38 0.45

2j 037 048 786 78 0.14 0.18 0.17

2k 065 143 7.5 95 0.35 1.02 1.00
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Table S4. Results for the neutral models of coordination 10 with OH™ and H>O ligand,
[Yb(OH)3(H20)7] (see labels Fig. S10). The values of the different components of the g-
tensor and the percentage of the state My = 7/2 of the fundamental state are shown, as well
as the values obtained for the relaxation of the magnetization through the tunnel effect in
the fundamental state (state 0) and the first excited state (state 1) and Orbach through the
first excited state (state 1). Matrix elements of the transition magnetic moments between

two states above 0.10 indicate relevant mechanism. Systems with spin relaxation though

excited states in bold.

label g g M;7/2  Tunnel Orbach Tunnel
Model > e z (%) state 0 state 1 state 1
Sphenocorona-10 15 0.84 182 6.96 86 0.44 0.77 0.82
1b 0.54 1.08 7.35 90 0.27 0.79 0.76
Ic 046 086 7.31 87 0.22 0.77 0.60
1d 0.85 123 7.45 94 0.35 0.46 0.34
le 0.70 087 17.69 97 0.26 0.31 0.29
1f 0.84 170 7.10 88 0.42 0.92 0.89
1g 045 075 7.44 91 0.20 0.72 1.51
1h 0.35 041 7.80 98 0.13 0.24 0.22
li 1.06 146 7.25 94 0.42 0.91 0.38
1j 0.54 074 7.72 97 0.21 0.31 0.23
1k 0.10 036 6.86 82 0.08 0.78 1.33
11 077 179 691 85 0.43 0.89 0.93
Im 045 079 747 92 0.21 0.57 1.57
In 0.87 2.00 6.78 82 0.48 0.88 1.46
lo 023 046 7.50 91 0.11 0.31 0.44
Ip 5.00 3.66 1.14 3 1.44 1.07 0.41
1q 034 052 7.74 96 0.14 1.02 0.21
Ir 0.82 132 742 94 0.36 0.87 0.84
Is 1.09 196 6.79 88 0.51 0.59 0.45
1t 049 074 17.68 96 0.21 0.40 0.85
lu 0.87 186 6.70 81 0.46 0.82 0.71
1v 0.84 142 733 92 0.38 0.92 1.38
1w 0.65 128 7.16 86 0.32 0.72 1.43
1x 0.84 125 7.47 94 0.35 0.88 0.98
ly 0.30 055 7.5 93 0.14 0.41 0.97
1z 1.13 133  6.89 89 0.41 0.85 1.30
laa 0.67 1.19 7.08 87 0.31 0.83 0.98
lab 0.35 053  17.69 96 0.15 1.00 0.56
lac 0.63 1.13 7.41 93 0.29 0.57 0.76
lad 042 056 7.82 98 0.16 0.23 0.75
lae 0.67 1.03 7.54 95 0.28 0.44 0.44
laf 0.68 086 7.69 97 0.26 0.28 0.51
lag 072 082 7.75 98 0.26 0.28 0.24
lah 0.77 124 7.41 93 0.34 0.57 0.87
lai 093 184 7.01 87 0.46 0.99 1.21
1aj 0.78 136 7.35 92 0.36 0.90 1.43
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Acronyms of Table 1

DBP 2,6-di-t-butil-phenoxide

Hna 1-Naphthoic acid

Hpyzc Pyrazinoic ac

HsTrensal 2,2°,2° “-Tris(salicylideneimino)triethylamine
BerCOO (ps-CeHs)Cr(CO)s

tta 2-thenoyltrifluoroacetonateanion

L! 4,5-bis(thiomethyl)-40-carboxylictetrathiafulvalene

L2 4,5-bis(thiomethyl)-40-ortho-pyridyl-N-oxide-carbamoyl-tetrathiafulvalene
H,L3 N,N'-bis(2-oxy-3-methoxybenzylidene)-1,2-phenylenediamine
L* N,N'- bis(pyridin-2-ylmethylene)ethane-1,2-diamine
DBM dibenzoylmethanide

Tpz hydrotris(pyrazolyl)borate

Bpz dihydrobis(pyrazolyl)borate

Dnbz 3,5-dinitrobenzoate

DAD [2,6-Me>CsHsNCH=CHNCsH3Me>-2,6]*

H-2-FBz 2-fluorobenzoic acid

2-qpH2 2-Quinolinephosphonic acid

apdo 4,4’-azopyridine-1,1’-dioxide

terpy 2,2°6’,2”-terpyridine

tmh 2,2,6,6-tetramethylheptanoate

HAT 1,4,5,8,9,12-hexaazatriphenylene

PyrCOO Pyrazinoic acid

teaH3 Triethanolamine

Piv Trimethylacetate

HLS3 2-(2'-hydroxy-3'-methyloxy-phenyl)- benzimidazole
HLS® 3-methoxysalicylaldehyde

H,L7 4,5-bis(carboxylic)-4’,5’-methyldithiotetrathiafulvene
HL3 2-(tetrazol-5-yl)-1,10-phenanthroline

HAC 9-anthrancenecarboxylic acid

H,L° N,N’-dimethyl-N,N’-bis(2-hydroxy-3-formyl-5-bromobenzyl)ethylenediamine
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Figure S11. Charge distribution of ligands in the Yb™ complexes found in the literature
indicated in Table 1. The vertices indicate the position of a ligand giving ligand: (empty
vertex) no charge; (gray sphere) charge 1-; (red sphere) charge 1- shared between centers;
(blue sphere) charge 1- delocalized without sharing between centers; (green sphere)

charge 1- delocalized shared between centers.
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