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EXPERIMENTAL:

Magnetic studies: Magnetic susceptibility measurements were carried out with a Quantum
Design MPMS-5S SQUID magnetometer. The magnetic measurements were performed on
freshly isolated polycrystalline materials. The samples were mixed with grease and put in
gelatin capsules. DC measurements were conducted from 300 to 2 K at 1 kOe and the data
were corrected for the diamagnetic contribution of the sample holder, grease and sample by
using Pascal’s tables.' The field dependences of the magnetization were measured at 2 K with
dc magnetic field up to 5 T. AC susceptibility for 1a,b and 2 was investigated under an
oscillating ac field of 3 Oe over the frequency range of 1 to 1500 Hz. In addition, low
temperature susceptibility and magnetization measurements up to 8 tesla were performed on
sample 1a using a high-field low-temperature SQUID magnetometer developed at the Institut
Néel (Grenoble). The magnetometer is equipped with a miniature dilution refrigerator capable
of cooling samples below 100mk and absolute values of susceptibility or magnetization can
be made using the extraction method. As above, freshly isolated polycrystalline powder was
mixed with Apiezon grease, then placed inside a copper pouch and attached to the copper
sample holder of the dilution refrigerator. Measurements of the ac susceptibility were also
made, extending the frequency range for this sample down to 0.021 Hz.

X-ray crystallographic studies: Single crystals suitable for X-ray diffraction of 1a-c were
collected at 150K on a k-CCD Nonius diffractometer. All details are given in table S1. Note
that samples of la are actually made of poly-crystals leading to an overlap of Bragg
intensities, probably responsible for the relatively average quality of the 1a crystal structure in
comparison to the satisfactory 1b,c crystal-structure refinement final criterions. High level
residual electronic density is found near the W atoms, notably in the 1a crystal structure. This
has been attributed to the relatively low quality of single crystals. All 1 compounds diffract
only at low theta angle. Elsewhere, all H atoms were positioned on calculated position. Those
of water molecules were positioned using the Nardelli method.” Structural determination,
refinement calculations and handle of the data were made in the Wingx environment.’

Data for 2 were collected at low temperature (180 K) on an Xcalibur Oxford Diffraction
diffractometer using a graphite-monochromated Mo-Ka radiation (A = 0.71073A) and
equipped with an Oxford Instrument Cooler Device. The final unit cell parameters have been
obtained by means of a least-squares refinement. The structures have been solved by Direct
Methods using SIR92,* and refined by means of least-squares procedures on a F2 with the aid
of the program SHELXL97® include in the softwares package WinGX version 1.63.° The

' 0. Kahn, Molecular Magnetism, VCH, Weinheim, 1993.

> M. Nardelli J. Appl. Cryst. 1999, 32, 563

3 LJ Farrugia J. Appl. Cryst. 2012, 45, 894-854

4 SIR92 - A program for crystal structure solution. A. Altomare, G. Cascarano, C. Giacovazzo and A. Guagliardi,
J. Appl. Crystallogr. 1993, 26, 343-350.

° SHELX97 [Includes SHELXS97, SHELXL97, CIFTAB] - Programs for Crystal Structure Analysis (Release
97-2). G. M. Sheldrick, Institiit fiir Anorganische Chemie der Universitdt, Tammanstrasse 4, D-3400 Gottingen,
Germany, 1998.

® WINGX - 1.63 Integrated System of Windows Programs for the Solution, Refinement and Analysis of Single
Crystal X-Ray Diffraction Data. L.Farrugia, J. Appl. Crystallogr.1999, 32, 837-838.



Atomic Scattering Factors were taken from International tables for X-Ray Crystallography.’
All hydrogens atoms were geometrically placed and refined by using a riding model.

All non-hydrogens atoms were anisotropically refined, and in the last cycles of refinement a
weighting scheme was used, where weights are calculated from the following formula:
w=1/[c2(Fo2)+(aP)2+bP] where P=(Fo2+2Fc2)/3.

It was not possible to resolve diffuse electron-density residuals (enclosed solvent molecule).
Treatment with the SQUEEZE facility from PLATON?® resulted in a smooth refinement. Since
a few low order reflections are missing from the data set, the electron count will be
underestimated. Thus, the values given for D(calc), F(000) and the molecular weight are only
valid for the ordered part of the structure. We are aware about the high residue closed to the
Tb atom. Although we made semi-empirical absorption corrections, the residue is still there.

Drawing of molecule are performed with the program ORTEP32’ with 30% probability
displacement ellipsoids for non-hydrogen atoms.

"INTERNATIONAL tables for X-Ray crystallography, 1974, Vol IV, Kynoch press, Birmingham, England.
¥ Sluis, P. v.d. and Spek, A. L. Acta Cryst. 1990, A46, 194-201.
° L. J. Farrugia, J. Appl. Crystallogr. 1997, 30, 565.



Table S1: crystallographic data and refinement parameters of the complexes 1a,b,c—2

1a

1b 1c 2
Formula moiety [Ci100H100N2401gNis ThWo]. [C100H100N2401gNisDy2Wo]. [C100H100N2401gNis Y2 Wo]. [Cos Hgs Coz N1g Nig Oz Th2].
10(CH3CN).2H,0 10(CH3CN).2H,0 10(CH3CN).2H,0 2(C3 Hs 0).2H,0
ASymmetriC unit contain C120H134N34Ni4020Tb2W2 C120H134N34Ni4020Dy2W2 C120H134N34Ni4020Y2W2 C51 H54 Co N5 N|2 015 Tb
Formula weight 3292.98 3300.14 3152.96 2640.54
Temperature 150(2) K 150(2) K 150(2) K 180(2) K
Wavelength 0.71073 A 0.71073 A 0.71073 A 0.71073 A
Crystal system Triclinic Triclinic Triclinic Monoclinic
Space group P -1 P -1 P -1 P121/c1
Unit cell dimensions a=16.7341(8) A a=16.7120(10) A a=16.710(1) A a=16.8968(7) A
b =20.6199(8) A b =20.624(2) A

b = 20.663(1) A

c = 20.8979(8) A
o= 87.881(5)°

c =20.852(3) A

c=20.852(1) A

b = 22.2820(7) A
c = 19.3332(8) A

o= 87.814(2)° o= 87.797(1)°. o= 90 °.
B=89.214(5)°. B=89.178(3)° B= 89.185(1)". B= 106.728 (4)°.
vy = 74.309(5)° v=74215(2)° v=74.158(1)°. y=90°.
Volume 6937.4(5) A3 6910.9(13) A3 6921.1(6) A3 6970.8(5) A3
Z 2 2 2 2
Density (calculated) 1.576 Mg/m3 1.586 Mg/m3 1.513 Mg/m3 1.256 Mg/m3
Absorption coefficient 3.259 mm™! 3.330 mm™! 3.088 mm™! 1.820 mm""
F(000) 3284 3288 3180 2664
Crystal size 0.200 x 0.150 x 0.150 mm3 | 0.200 x 0.150 x 0.150 mm3 | 0.160 x 0.120 x 0.120 mm3 0.18 x 0.1 x 0.02 mm3
Thetacf}l"eggk‘;%r data 3.417 to 26.373°. 3.417 to 26.372°. 3.411 to 26.372°. 3.37 to 25.68°
Index ranges -20<=h<=20, -24<=k<=25, - | -20<=h<=20, -25<=k<=25, - | -20<=h<=20, -25<=k<=25, - | -20<=h<=20, -26<=k<=27, -
9 26<=I<=26 26<=|<=26 26<=I<=26 23<=|<=23
Reflections collected 51437 55836 55372 54665
Independent reflections 28124 [R(int) = 0.0904] 28139 [R(int) = 0.0552] 28125 [R(int) = 0.0324] 13197 [R(int) = 0.0745]
cOmpletggzs:Ztoo theta = 99.1 % 99.6 % 99.4 % 2568 99.7 %
Absorption correction Empirical Empirical Empirical Semi-empirical from
equivalents
Max. and min. transmission 0.6406 and 0.5618 0.6350 and 0.5556

0.7082 and 0.6379

0.978 and 0.811

Refinement method

Full-matrix least-squares on

Full-matrix least-squares on

Full-matrix least-squares on

Full-matrix least-squares on
F2 F2 F2 F2
Data / restraints / 2812410/ 1633 28139/0/ 1637 28125/0/ 1665 13197 /0/695
parameters
Goodness-of-fit on F2 1.114 1.164 1.115 0.890
Final R indices [I>2sigma(l)]

R indices (all data)

R1=0.0976, wR2 = 0.2174
R1 =0.1262, wR2 = 0.2307

R1=0.0637, wR2 = 0.1374

R1=0.0379, wR2 = 0.0758

R1=0.0673, wR2 = 0.1599

Largest diff. peak and hole

R1=0.0932, wR2 = 0.1463

R1 =0.0541, wR2 = 0.0800

5.561 and -1.379 e.A-3

3.105 and -1.463 e.A™3

1.894 and -0.918 e A3

R1=0.1038, wR2 = 0.1687

11.322 and -1.055 e.A™®




Figure S1. [{LY**NiTb(H,0)NiLM**} W(CN)s],- 10MeCN-2H,0, 1a: views of (top) the
asymmetric unit (ellipsoid plot with 30 % occupancy level) and (bottom) the molecular
fragments with atom labels (H atoms and solvents molecules are not shown for clarity), and
selected distances and angles.
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Figure S2. [{LM“NiDy(H,O)NiLM?}W(CN)s],-10MeCN-2H,0, 2a: views of (fop) the
asymmetric unit (ellipsoid plot with 30 % occupancy level) and (bottom) the molecular
fragments with atom labels (H atoms and solvents molecules are not shown for clarity), and
selected distances and angles.
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Figure S3. [{LM*NiY(H,O)NiLM**} W(CN)g],- 10MeCN-2H,0, 1c: ORTEP plots of (fop) the
asymmetric unit (ellipsoid plot with 30 % occupancy level) and (bottom) the molecular
fragments with atom labels (H atoms and solvents molecules are not shown for clarity), and
selected distances and angles.
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Figure S4. [{LM“NiTb(H,0)NiLM*?}Co(CN)s]o:2Me,CO-2H,0, 2: ORTEP (ellipsoid plot
with 30 % occupancy level).
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Table S2: Continuous Shape Measures calculations for the nona-coordinated Ln centres in

la-c and 2."°

SHAPE v2.1

Continuous Shape Measures calculation
(c) 2013 Electronic Structure Group, Universitat de Barcelona

CSAPR-9 (C4,) Spherical capped square antiprism

JTCTPR-9 (Ds,) Tricapped trigonal prism J51
JTDIC-9 (C;y) Tridiminished icosahedron J63

[MLg ] CSAPR-9 JTCTPR-9 JTDIC-9

Tb1 (1a)
Tb2 (1a)
Dy1 (1b)
Dy2 (1b)
Y1 (1c)
Y2 (1c)
Th(2)

' M. Llunell, D. Casanova, J. Cirera, P. Alemany and S. Alvarez, SHAPE: Program for the stereochemical

4.1190
3.8880
4.0170
3.7830
3.7420
4.0190
3.9780

2.8060
2.6100
2.7120
2.4860
2.4450
2.6820
2.6220

2.9480
3.0450
2.8620
2.9070
2.8960
2.7990
2.6410

analysis of molecular fragments by means of continuous shape measures and associated tools, (2013) University

of Barcelona, Barcelona. A. Ruiz-Martinez, D. Casanova and S. Alvarez, Chem. Eur. J., 2008, 14, 1291.
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Figure S5. AC susceptibility data for 1a and 1b:

1a: (top) Experimental Int = f(7"") with best fit parameters, (bottom) Cole-Cole plots with best-fits (solid lines)
of a generalized Debye model, and detail of the fitting parameters where yr stands for the isothermal

susceptibility, ys the adiabatic susceptibility, and o accounts for the width of the t distribution.
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1b: (top) Experimental Int = f(T"") with best fit parameters, (bottom) Cole-Cole plots with best-fits (solid lines)
of a generalized Debye model, and detail of the fitting parameters where yr stands for the isothermal
susceptibility, ys the adiabatic susceptibility, and a accounts for the width of the t distribution.
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Figure S6. Magnetic behaviors for [{LM**NiTb(H,O)NiLM*}Co(CN)s],, 2: (fop) temperature
dependence of the magnetic susceptibility plotted as ¢cMT, and field dependence of the
magnetization recorded for 2 K; (bottom) AC susceptibility recorded for two frequencies (100

and 997 Hz) with Hpc = 0 and 1 kOe.
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