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Experimental Section

General Procedures and Materials.

The precursors Dy(hfac)s-2H,0 (hfac™ = 1,1,1,5,5,5-hexafluoroacetylacetonate anion) and 2-
(4,5-(4,5-bis(propylthio)-tetrathiafulvalenyl)-1H-benzimidazol-2-yl)-pyridine were
synthesized following previously reported methods.'? All other reagents were purchased from
Aldrich Co., Ltd. and used without further purification.

Synthesis of  the ligand 2-{1-[2-methyl[6]helicene]-4,5-[4,5-bis(propylthio)-
tetrathiafulvalenyl]-1H-benzimidazol-2-yl}pyridine  (L). 519 mg of 2-(4,5-(4,5-
bis(propylthio)-tetrathiafulvalenyl)-1H-benzimidazol-2-yl)-pyridine* (0.10 mmol) and 21 mg
of K,CO3 (0.15 mmol, 1.5 equiv) were added to 5 mL of DMF, and then the mixture was
stirred for 30 min under argon. A solution of 2 mL of DMF containing 30 mg of 2-
(Bromomethyl)-[6]-helicene® (0.07 mmol, 0.7 equiv) was added, and the resulting mixture
was heated at 50 °C. After the mixture had been heated for 2 h, additional K,CO3 (21 mg,
0.15 mmol, 1.5 equiv) and 2-(Bromomethyl)-[6]-helicene (23 mg, 0.055 mmol, 0.55 equiv)
were added. The mixture was stirred and heated overnight. The solvent was evaporated to
dryness and the orange residue was washed with water (3 x 50 mL) and extracted with
CH,Cl,. After evaporation of the CH,Cl,, the orange powder was dried in air. Yield: 69 mg
(81 %). Anal. Calcd (%) for C49H37N3Se: C 69.42, H 4.37, N 4.96; found: C 68.99, H 4.47, N
4.89. 'H-NMR (CDCls): 8.28 (m, 1H), 8.23 (m, 1H), 7.95-8.06 (m, 9H), 7.92 (d, 1H), 7.82 (d,
1H), 7.77 (s, 1H), 7.74 (d, 1H), 7.71 (s, 2H), 7.64 (m, 1H), 7.60 (d, 1H), 7.20 (m, 1H), 6.69
(ddd, 1H), 6.68 (s, 2H), 2.85 (dt, 4H), 1.72 (tt, 4H) and 1.06 (dd, 6H).
[Dy(hfac)s(L)]-0.5CH,Cl,. 16.4 mg of Dy(hfac)s-2H,0 (0.02 mmol) were dissolved in 10 mL
of CH,CI, and then added to a solution of 10 mL of CH,CI, containing 16.9 mg of L (0.02
mmol). After 20 min of stirring, 40 mL of n-hexane were layered at room temperature in the
dark. Slow diffusion leads to red single crystals which are suitable for X-ray studies. Yield 25
mg (73 %). Anal. Calcd (%) for Cgs5H41CIDYF18N306Ss: C 45.90, H 2.43, N 2.49; found: C
45.21, H 2.46 N, 2.39. L.R. (KBr): 2955, 2926, 2870, 2853, 1655, 1574, 1555, 1530, 1508,
1465, 1412, 1255, 1206, 1145, 1102, 1058, 975, 799, 660 and 587 cm™.

Crystallography. Single crystal of [Dy(hfac)s(L)]-0.5CH,CI, was mounted on a APEXIII
Bruker-AXS diffractometer for data collection (MoK, radiation source, A = 0.71073 A), from
the Centre de Diffractométrie (CDIFX), Université de Rennes 1, France. Structures were
solved with a direct method using the SHELXT program* and refined with a full matrix least-
squares method on F? using the SHELXL-14/7 program®. Crystallographic data are



summarized in Table S1. Complete crystal structure results as a CIF file including bond
lengths, angles, and atomic coordinates are deposited as Supporting Information (CCDC
number: 1867478).

Physical Measurements. The elemental analyses of the compounds were performed at the
Centre Régional de Mesures Physiques de I’Ouest, Rennes. *H NMR was recorded on a
Bruker Ascend 400 spectrometer. Chemical shifts are reported in parts per million referenced
to TMS for *H NMR. Cyclic voltammetry was carried out in CH,Cl, solution, containing 0.1
M N(C4Ho)4PFs as supporting electrolyte. Voltammograms were recorded at 100 mVs™ at a
platinum disk electrode. The potentials were measured versus a saturated calomel electrode
(SCE). The dc and ac magnetic susceptibility measurements were performed on solid
polycrystalline samples with a Quantum Design MPMS-XL SQUID magnetometer between 2
and 300 K in applied magnetic field of 0.2 T for temperatures of 2-20 K and 1T for
temperatures of 20-300 K. These measurements were all corrected for the diamagnetic

contribution as calculated with Pascal’s constants.

Computational Details. The atomic positions of the molecule were extracted from the X-ray
crystal structures. Only the position of the H and F atoms were optimized on the Y (II1) parent
complex with the Gaussian 09 (revision D.01) package,® employing the PBEO hybrid
functional.”® The “Stuttgart/Dresden” basis sets and effective core potentials were used to
describe the yttrium atom,’ whereas all other atoms were described with the SVP basis sets.™
Wavefunction-based calculations were carried out on the optimized molecular structure by
using the SA-CASSCF/RASSI-SO approach, as implemented in the MOLCAS quantum
chemistry package (versions 8.0).™ In this approach, the relativistic effects are treated in two
steps on the basis of the Douglas—Kroll Hamiltonian. First, the scalar terms were included in
the basis-set generation and were used to determine the spin-free wavefunctions and energies
in the complete active space self-consistent field (CASSCF) method.’? Next, spin-orbit
coupling was added within the restricted-active-space state-interaction (RASSI-SO) method,
which uses the spin-free wavefunctions as basis states.”*** The resulting wavefunctions and
energies are used to compute the magnetic properties and g-tensors of the lowest states from
the energy spectrum by using the pseudospin S = 1/2 formalism in the SINGLE-ANISO
routine.'>*® Cholesky decomposition of the bielectronic integrals was employed to save disk
space and speed-up the calculations.?’” The active space of the self-consistent field (CASSCF)
method consisted of the nine 4f electrons of the Dy"
CAS(9,7)SCF. State-averaged CASSCF calculations were performed for all of the sextets (21

ion spanning the seven 4f orbitals, i.e.



roots), all of the quadruplets (224 roots), and 300 out of the 490 doublets (due to software
limitations) of the Dy"
through spin—orbit coupling in RASSI-SO. All atoms were described by ANO-RCC basis
sets.’®% The following contractions were used: [8s7p4d3f2g1h] for Dy, [4s3p2d] for the O

and N atoms directly coordinated to Dy, [4s3pld] for C atoms in the second coordination

ion. 21 sextets, 128 quadruplets, and 107 doublets were mixed

sphere, [3s2p] for the C, F and S atoms and other O and N atoms, and [2s] for the H atoms.

To give more insights on the orientation of the magnetic axis, the molecular electrostatic

potential is calculated from the ab-initio LoProp charge analysis®* following Eq. 1,

N
i it QX
V(ry) = Z |r-q + |p + ( ) (eg. 1)
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where q;, p, Q; are respectively the monopole, dipole and quadrupole moments of the i-th
atom. The resulting molecular electrostatic potential is mapped and represented using the
home-made CAMMEL code (CAlculated Molecular Multipolar ELectrostatics). The potential
is drawn on a sphere defined by the user around the central lanthanide ion, for a given state
(ground state in this case). For a clearer representation of the potential, the intensity can be
directly related to both the color (red = high potential and blue = low potential) and the height
of the irregularities.



Figure S1. ORTEP view of [Dy(hfac);(L)]-0.5CH,Cl, in CH,Cl,. Thermal ellipsoids are

drawn at 30% probability. Hydrogen atoms are omitted for clarity.
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Figure S2. Cyclic voltammograms of L (top) and [Dy(hfac)s(L)]-0.5CH,Cl, (bottom) in
CH,Cl, at a scan rate of 100 mV-s™. The potentials were measured vs. a saturated calomel

electrode (SCE) with Pt wires as working and counter electrodes.
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Figure S3. Frequency dependence of ym’” of [Dy(hfac)s(L)]-0.5CH,CI, at 2K between 0 and
3000 Oe.
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Figure S4. Frequency dependence of yy’ of [Dy(hfac)s(L)]-0.5CH,CI, between 2 and 8 K at
1000 Oe.
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Figure S5. Normalized Cole-Cole plots at several temperatures between 2 and 8 K.
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Figure S6. (left) Angular dependence of yuT of a single crystal rotating in three
perpendicular planes with H = 1 kOe at 2 K. Full lines are best-fitted curves (right) orientation

of the single crystal within the XYZ crystal reference frame.

Susceptibility tensor in the crystal frame (XY 2):



18.91129 -2.71166 17.72671
xuT =|—-2.71166  0.26866 —0.92697 | cm® K mol™
17.72671 —0.92697 17.28682

Principal values and direction of the susceptibility tensor in the XYZ crystal frame:

0.498 —0.479 0.723
XxxT( 0.744 | =—0.991, x,,T| 0.664 |=1.424, x,,T|—-0.073 | = 36.034 cm* K

—0.445

—0.445 0.687

mol™
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Figure S7. Representation of the monopole (charge) contribution to the total electrostatic
potential of the ground state. The red line corresponds to the orientation of the ground state
magnetic axis. The helicene moiety and a part of the TTF ligand are omitted for the sake of

clarity.



Figure S8. Representation of the dipolar contribution to the total electrostatic potential, for
the ground state. The red line corresponds to the orientation of the ground state magnetic axis.
The helicene moiety and a part of the TTF ligand are omitted for the sake of clarity.
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Figure S9. Representation of the quadrupolar contribution to the total electrostatic potential,
for the ground state. The red line corresponds to the orientation of the ground state magnetic
axis. The helicene moiety and a part of the TTF ligand are omitted for the sake of clarity.



Table S1. Crystallographic data for [Dy(hfac)s(L)]-CH,Cl..

Compound [Dy(hfac)s(L)]-0.5CH,Cl,
Formula C64_5H41C| DyF13N30686
M/ g.mol* 1686.3

Crystal system Triclinic

Space group P-1 (N°2)

a= 13.3879(14) A

b= 16.1474(16) A

c= 17.1709(14) A
a= 106.141(3)°
B= 96.476(3)°
7= 105.975(6)°

Cell parameters

Volume / A’ 3355.2(6)
Cell formula units 2

T/K 150 (2)
Diffraction reflection 5.96<20 <54.97
Pralc, g-Cm_3 1.669

g, mm™ 1.444
Number of reflections 80128
Independent reflections 15366

Fo® > 26(Fo)* 11658
Number of variables 896

Rint, R1, WR; 0.0503, 0.0577, 0.1392

Table S2. First three solutions of the SHAPE analysis.

Triangular dodecahedron
(D2q)

Biaugmented trigonal prism
(CZV)

Square antiprism
(Daa)

0.586

2.223

2.799

Table S3. Oxidation potentials (V vs SCE, nBusNPFg, 0.1 M in CH,Cl, at 100 mV.s™) of the

ligand L and complex [Dy(hfac)s(L)]-0.5CH,Cl.,.

El1/2 / V E21/2 / V
OXEl RedEl OXEZ RedEZ
L 0.54 0.51 0.96 0.89
[Dy(hfac)s(L)]-CHCl, | 0.63 | 0.47 | 1.03 | 0.85

* En1/2 — (OXEn + redEn)/Z (n — 1’2)




Table S4. Best fitted parameters (y1, xs, T and o) with the extended Debye model for
compound [Dy(hfac)s(L)]-0.5CH,CI, at 1000 Oe in the temperature range 2-8 K.

T/K vt/ em®mol™? lys/cm®mol™t [a T/ R2

2 7.55121 0.12212 0.43976 0.79003 0.99977
2.2 6.75791 0.14142 0.42347 0.51939 0.99970
2.4 5.93307 0.15984 0.40008 0.30772 0.99951
2.6 5.38396 0.15533 0.38749 0.19871 0.99939
2.8 4.90730 0.18176 0.36789 0.13135 0.99938
3 4.50810 0.20940 0.34833 0.09037 0.99938
3.5 3.77262 0.25549 0.30957 0.03971 0.99955
4 3.28731 0.29259 0.28631 0.02001 0.99943
4.5 2.93220 0.28986 0.28498 0.01053 0.99928
5 2.61366 0.41528 0.25054 0.00644 0.99963
5.5 2.37825 0.48784 0.24399 0.00392 0.99970
6 2.17717 0.56222 0.24495 0.00232 0.99978
7 1.86771 0.83847 0.25732 0.00095 0.99987
3 1.63281 1.22456 0.15046 0.00097 0.99987




Table S5. g tensor and energy splitting of the multiplet ground state of
[Dy(hfac)s(L)]-0.5CH,Cl,.

E(cm?)| gy Oy 0, Wavefunction composition

1/ 000 |0.09 0.22 |19.09 0.88 |£15/2> + 0.10 |+11/2>

2| 5691 | 0.59 | 0.75 | 18.27 0.40 [£1/2> + 0.30 [£3/2> + 0.17 [£7/2> + 0.04 |+ 13/2>

3] 110.78 | 3.79 | 4.75 | 11.29 0.50 |£13/2> + 0.26 |+9/2> + 0.07 |£3/2> + 0.06 |+ 5/2>

41 160.10 | 2.91 | 4.57 |10.20 0.38 |£7/2> + 0.15 |£11/2> + 0.13 |£5/2> + 0.10 |+ 1/2>

5120347 | 0.57 | 1.59 | 16.24 0.38 |£5/2> + 0.21 |£3/2> + 0.15 |£1/2> + 0.12 |+ 7/2>

6 | 24359 | 0.56 | 0.98 | 16.42 0.29 [£3/2> + 0.27 [£1/2> + 0.13 [+5/2> + 0.11 |+ 11/2>

7128878 | 0.10 | 0.19 | 18.94|  0.27 [£9/2> + 0.26 [+11/2> + 0.18 [+7/2> + 0.13 |+ 13/2>

8 | 332.20 | 0.00 | 0.09 | 18.95 0.30 |£9/2> + 0.30 |£11/2> + 0.16 |£7/2> + 0.13 |+ 13/2>
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