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Materials and physical measurements

All manipulations were performed under aerobic conditions, using materials as received. Elemental
analyses (C, H, N) were performed by the University of Glasgow microanalysis service. The
preparation of 1,4,7,10-tetrakis(2-pyridylmethyl)-1,4,7,10-tetraaza-cyclododecane (L) was performed
following a similar synthesis used in the literature.> The synthesis of the ligands were conducted
under an argon atmosphere with rigorous exclusion of oxygen and water using Schlenk line and glove
box techniques. Variable-temperature, solid-state direct current (dc) magnetic susceptibility data
down to 2.0 K were collected on a Quantum Design SQUID-VSM magnetometer at the University of
Leeds. Polycrystalline samples were embedded in eicosane and diamagnetic corrections were applied
to the observed paramagnetic susceptibilities using Pascal’s constants. Powder XRD measurements
were collected on freshly prepared samples of 1 and 3 on a PANalytical X'Pert Pro MPD diffractometer
(A (CuKa) = 1.5405 A) on a mounted bracket sample stage, at the University of Glasgow. Single Crystal
X-Ray diffraction data were collected using a Bruker D8 VENTURE diffractometer equipped with a
Photon Il CPAD detector, with an Oxford Cryosystems N-Helix device mounted on an IuS 3.0 (dual Cu
and Mo) microfocus sealed tube generator at the University of Glasgow. Ultra-low temperature (<1.8
K) hysteresis studies were performed on a single crystal sample of 1 using an array of micro-SQUIDS
(the field is oriented along the easy axis, which is found in situ by changing the field orientation with
three coils).? Thermogravimetric analysis was performed on a SDT Q600 with an argon atmosphere
(100 ml min_l) in the 20 - 800 K temperature range (10 K min_l), at the University of Glasgow. 'H NMR
spectra were recorded at 298.2 K on a Bruker AVIIl 500 MHz spectrometer at the the University of

Glasgow.

Synthesis

Synthetic strategy applicable to 1-3:

1,4,7,10-tetrakis(2-pyridylmethyl)-1,4,7,10-tetraaza-cyclododecane (43 mg, 0.08 mmol) was
dissolved in 10 ml of methanol and was refluxed for 24 hours in the presence of Dy(CF3S0s);s
(50 mg, 0.08 mmol). The reaction mixture was dried under vacuum and then dissolved in 10
ml of acetonitrile. The acetonitrile solution was refluxed for 3 hours and then dried under
vacuum. The oily product was dissolved in hot dichloromethane (10 ml). The reaction mixture
in dichloromethane was dried under vacuum giving a crude solid. Reaction of the solid with

NH4F in 5 ml of deionized H,O and heating at 100 °C gives a clear solution. Colourless single



crystals of [Dy"'LF](CF3SO3),H,0 (1) (L= 1,4,7,10-tetrakis(2-pyridylmethyl)-1,4,7,10-tetraaza-
cyclododecane) were isolated in ~ 10-15 % vyield from the slow evaporation of the H,0
solution. The same procedure was followed for the isolation of [La"'LF](CF3S03),'H,0 (2) using
La(CF3S03)3 (50 mg, 0.08 mmol) and 3 using La(CF3S03)3 (45 mg, 0.076 mmol) and Dy(CF3S0s);
(2.4 mg, 0.004 mmol).

Elemental Anal. calcd (found) for 1: C 39.48 (39.39), H 4.09 (4.08), N 10.83 (10.78) %. 2: C
40.47 (40.52), H 4.18 (4.13), N 11.03 (11.1) % 3: C 40.4 (40.44), H 4.19 (4.10), N 11.09 (11.01)
%.

Synthetic strategy for 4:

6,6'6",6"'-((1,4,7,10-tetraazacyclododecane-1,4,7,10-tetrayl)tetrakis(methylene))-tetrapicolinonitrile

(4) : In a Schleck line and under argon atmosphere, cyclen (650 mg, 3.80 mmol) and Cs,CO3 (25 g mg
76.5 mmol) were mixed in 30 ml of anhydrous MeCN. Then, 6-(chloromethyl)picolinonitrile (2.3 g,
15.3 mmol) was dissolved in 30 ml of anhydrous MeCN and the yellow solution was transferred using
a syringe into the mixture of cyclen and Cs,COs. The obtained reaction mixture was refluxed under an
argon atmosphere for 24 hours giving a brown solution with precipitate. The mixture was filtered and
washed with hot DCM and MeCN. The combined filtered DCM and MeCN solution was dried under
reduced pressure. The crystalline powder was recrystallized from MeCN giving crystals of 4 in good

yields.
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Fig. S1 *H NMR of the ligand, L, in CDCls: 8 2.77 (16 H, s, NCH,CH,N), 3.63 (8 H, s, NCH,(CsH4N)), 7.08
(4 H, ddd, J = 12.30 Hz, J = 7.8 Hz, J = 1.2 Hz, CsHaN), 7.42 (4 H, td, ) = 7.8 Hz, J = 1.2 Hz, CsHaN)), 7.69
(4 H,d,) =7.8 Hz, CsHaN)), 8.47 (4 H, dd, J = 4.9 Hz, J = 1.2 Hz, CsHaN), 7.26 (CHCl3, s, solvent).
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Fig. S2 'H NMR of 2 in D,0: 6 2.60 (8 H, dd, J = 13.1 Hz, J = 9.2 Hz, NCH»(CsHaN)), 3.27 (ppm, 4 H, t,J =
13.1 Hz, NCH,CH,N), 3.72 (4 H, d, J = 16.2 Hz, NCH,CH,N), 3.90 (4 H, t, J = 13.1 Hz, NCH,CH,N), 4.38 (4
H, d, J = 16.2 Hz, NCH,CH,N), 7.33 (4 H, dd, J = 7.8 Hz, J = 5.7 Hz, CsH4N), 7.53 (4 H, d, J = 7.8 Hz,
CsHaN)), 7.91 (4 H, d, J = 5.7 Hz, CsHuN)), 8.02 (4 H, td, J = 7.8 Hz, J = 1.7 Hz, CsHaN)), 4.79 (H,0, s,

solvent).



Table S1. Crystallographic data for complexes 1 and 2. Note that 1and 2 are isostructural but have
different crystal cell parameters and crystallise in different space groups.?

1 2
Formula C3,H4oDYFNg-2(CF3055)-H,0 |  CsyHaoFLaNg-2(CF305S)-H,0
My 1034.37 1010.78
Crystal System Orthorhombic Orthorhombic
Space group P2,2,2 Pccn
a/A 11.3416 (5) 21.592 (3)
b/A 21.5398 (8) 11.4165 (10)
c/A 7.7573 (3) 15.9216 (16)
af’ 90 90
6/° 90 90
v/° 90 90
v/A 1895.08 (13) 3924.8 (7)
z 2 4
T/K 150 150
ATA 0.71073 0.71073
D/gcm” 1.813 1.711
pu(Mo-K)/ mm™ 2.18 1.29

Meas./indep.(Rj,) refl.

14716/4322 (0.034)

19906/4886(0.036)

Obs. refl. [1>20(1)] 4160 3940
WR(F’) 0.049 0.087
RIF > 25(F)] 0.021 0.031
s 1.01 1.03
P mind €A 0.76, -0.60 0.95,-1.23




Table S2. Crystallographic data for ligand 42

q
Formula C3sH3sN12
My 636.77
Crystal System Monoclinic
Space group P2,/c
a/A 11.7725 (7)
b/A 6.3142 (3)
c/A 21.5298 (13)
af° 90
6/° 94.186 (2)
v/ 90
v/R° 1596.12 (16)
V4 2
T/K 150
AR 0.71073
D/gcm” 1.325
#(Mo-K,)/ mm™ 0.08
Meas./indep.(Rin:) 17399/3946
refl.
Obs. refl. [I>20(/)] 2711
WR(F) 0.126
RIF > 25(F)] 0.050
S 1.03
Domawmin/ €A” 0.22,-0.26




Table S3. Selected bond distances and angles for complex 1 (A, 2

o)_3

Dy1—N2' 2.689 (3) Dyl—N4' 2.531 (3)
Dy1—N2 2.689 (3) Dy1—N3 2.541 (3)
Dy1—N1' 2.669 (3) Dyl—N3' 2.541 (3)
Dyl—N1 2.669 (3) Dyl—F1 2.123 (2)
Dyl—N4 2.531 (3)

N2'—Dy1—N2 103.02 (13) N4—Dy1—N2 73.69 (10)
N1—Dy1—N2 67.31(9) N4'—Dy1—N2 129.64 (10)
N1—Dy1—N2' 67.52 (9) N4'—Dy1—N1' 65.16 (10)
N1'—Dy1—N2 67.52 (9) N4—Dy1—N1' 140.72 (10)
N1'—Dy1—N2' 67.31(9) N4'—Dy1—N1 140.72 (10)
N1—Dyl—N1' 103.81 (13) N4—Dy1—N1 65.16 (10)
N4'—Dy1—N2' 73.69 (10) N4—Dy1—N4' 146.66 (15)
N4—Dy1—N2' 129.64 (10) N4—Dy1—N3' 86.36 (11)
N4—Dy1—N3 84.34 (11) F1—Dy1—N2 128.49 (7)
N4'—Dy1—N3' 84.34 (11) F1—Dy1—N2' 128.49 (7)
N3'—Dy1—N2' 64.77 (10) F1—Dy1—N1 128.10 (7)
N3—Dy1—N2' 141.07 (9) F1—Dy1—N1' 128.10 (7)
N3'—Dy1—N2 141.07 (9) F1—Dy1—N4' 73.33 (8)
N3—Dy1—N2 64.77 (10) F1—Dy1—N4 73.33 (8)
N3'—Dy1—N1 74.04 (10) F1—Dy1—N3' 73.59 (7)
N3'—Dy1—N1' 128.58 (10) F1—Dyl1—N3 73.59 (7)
N3—Dy1—N1' 74.04 (10) N3—Dy1—N1 128.58 (10)
N3'—Dy1—N3 147.18 (15)

Symmetry code: i) -x+1, -y+1, z; (ii) -x, -y+1, z.




Table S4. Shape measures of complex 1. The lowest CShMs value, is highlighted.*

Dy Symmetry Ideal polyhedron
EP-9 37.272 D9h Enneagon
OPY-9 20.481 C8v Octagonal pyramid
HBPY-9 19.176 D7h Heptagonal bipyramid
JTC-9 17.679 C3v Johnson triangular cupola J3
JCCU-9 9.704 Cav Capped cube J8
CCu-9 7.412 Cav Spherical-relaxed capped cube
JCSAPR-9 2.435 Cav Capped square antiprism J10
JTCTPR-9 4.037 D3h Tricapped trigonal prism J51
TCTPR-9 1.485 D3h Spherical tricapped trigonal prism
JTDIC-9 12.672 C3v Tridiminished icosahedron J63
HH-9 12.513 C2v Hula-hoop
MFF-9 1.429 Cs Muffin




Table S5. Shape measures of the {DyNg} core found in 1. The lowest CShMs value, is highlighted.4

Dy Symmetry Ideal polyhedron

OP-8 22.611 D8h Octagon

HPY-8 26.199 C7v Heptagonal pyramid
HBPY-8 17.277 D6h Hexagonal bipyramid

CuU-8 9.724 Oh Cube
SAPR-8 1.411 D4d Square antiprism
TDD-8 3.663 D2d Triangular dodecahedron
JGBF-8 16.756 D2d Johnson gyrobifastigium J26
JBTPR-8 3.408 C2v Biaugmented trigonal prism J50
BTPR-8 2.045 C2v Biaugmented trigonal prism

JSD-8 6.330 D2d Snub diphenoid J84

TT-8 10.585 Td Triakis tetrahedron
ETBPY-8 22.875 D3h Elongated trigonal bipyramid




Table S6. High coordinate Dy(lll) Single lon Magnets.

Complex U, (K) T (s) Coord. Dc Ref.
Number | applied
field
(Oe)

[(LY)Dy(NO3),(H,0),]C,HsOH 58.99 1.16E-09 9 500 5

[(LY)Dy(NO3),(C,HsOH),](H,0) 203.11 1.77E-09 9 0 5
[Dy(hmb)(NOs),(DME),] 34 3.20E-06 9 1800 6
[Dy(L*),](CF5S0s); 79 2.90E-08 10 1200 7
[Dy(Hpaa),(H,0)4](Cl); 179 1.99E-07 9 0 8
[Dy(Hpaa),(NO3),(MeOH)](NO3) 64 6.20E-07 9 2000 8
[Dy(15C5)(H,0),](Cl04)3(15C5)(H,0) 48.9/27.4 | 8.51E-11/3.27E-7 9 300 9
[Dy(Phen),(NOs)s] 101.02 /3.2 1.9E-11/4.5E-4 10 3500 10
[Dy(ntbi)(NO3)3],-3CH;0H 53.4 1.60E-12 10 1200 11
[Dy(ntbi),]s-15CI18H,0 39.8 1.60E-07 10 1200 11
[DyCigH,,Ng0g] 50 6.50E-07 10 1000 12
[DyCigH16NOs] 34 2.51E-06 10 1000 12
[Dy(L*)(NO3)(H,0)](NO3), 64.1 3.70E-13 9 1500 13
[DyY(tpcb)(H,0)4(NO3)](NOs),bpe 55 9.81E-09 9 0 14
[DyY(tpcb)(H,0)s(NO3),](NOs),-2bpe2tpch 48 1.22E-09 9 400 14
[Dy(2,3'-pcad)(NOs),(CH;0H),] 56.11 2.90E-06 9 1200 15
[Dy(2,3'-pcad),(H,0)s]5Cl-5H,0 72.4 3.00E-09 9 1200 15
[Dy(2,3'-pcad)(NO;)(H,0),INO5-H,0 24.95 5.50E-08 9 1200 15
fac-[Dy(HL);]-8H,0 19.5 7.00E-09 9 1000 16
mer-[Dy(HL);]-7H,0 34 1.60E-09 9 1000 16
[Dy(Murex);] 33 5.50E-10 9 1500 17
[Dy(phen)(acac);] 63.84 5.73E-06 10 0 18
[Dy(tbpy),(NOs)(DMF)]DMF 22.61 9.77E-07 9 2000 19
[Dy(H,L*)(NO3)5]-2CH;0H 8.8 /32 2.4E-5/1.3E-7 9 1000 20
[DyLS(NO3)2] 50 6.80E-07 10 1000 21
[Dy(12-crown-4)(NO3)s] 75.92 6.80E-11 10 500 22
[Dy(HL®);](DMF) 270 1.3E-10 9 0 23
[Dy(L")3]CH;OH 13.7 1.20E-07 9 1000 24
[Dy(L7)2(tmh)(CH30H)]-CH3OH-H20 95.7 3.40E-07 9 1000 24
[Dy(L7)2(tta)(CH30H)]-CH3OH 76 4.20E-08 9 1000 24
[Dy(H,TEG)(NOs);][18-crown-6] 28 2.49E-09 10 1000 25
[Dy(H,TEG)CI5][18-crown-6] 54 1.44E-10 10 1500 25
[Dy(Tppy)F(dioxane)](PFg) 621 1.48E-11 9 0 26
[Dy(Tppy)F(pyridine),](PFs) 483 9.63E-11 9 0 26
[Dy(L6-2H)(NO5)2(DMF),](DMF) 36 4.40E-06 9 1800 27
[Dy(H,DABPH),](NOs)5-2.5H,0 32.4 N/A 10 1000 28
[Dy(H,DABPH)(HDABPH)](NOs),-EtOH-4H,0 <19 N/A 10 1000 28
[Dy(HsL®)(NO3),(CH30H),]-4CH;0H 28.5 2.02E-06 9 800 29
[Dy(12-C-4)(NO)3] 68 2.07E-10 9 1000 30
[Dy(18-C-6)(NOs),]CIO, 63 1.02E-08 9 1000 30
[Dy(18-C-6)(NO3),]BPh, 43 1.37E-06 9 1000 30
[Dy(Hsdaps)(H,0)3(NO3)](NOs),(H,0) 32.7 1.82E-06 9 2000 31
[Dy(Hsdaps)(H,0),(NO3)](NO3)(MeOH) 23.8 9.14E-05 9 2000 31
[Dy(nma)(NO3),(DMSO)]CH;0H 67 1.68E-07 9 2000 32
[Dy(nma),]-Cl0,4-0.5CH;0H 16 /47 1E-5/4.6E-6 9 2000 32
[Dy(HL®),(NO3)s] 23.8/22.7 2.47E-6/3.6E-7 10 2000 33




[Dy(NOs)s(5BrsalanH)2(H,0)]MeCN | 38.8 | 2.50E-06 | 9 | 1000 34
HL' = N’-(2-pyridoyl)-4-pyridinecarboxamidrazone, Hhmb = N'-(2-hydroxy3-methoxybenzylidene)benzohydrazide, L
2,6- diacetylpyridinebis(2’-pyridylhydrazone), Hpaa = N-(2-pyridyl)-ketoacetamide, 15C5 = crown ether, Phen
1,10-phenanthroline, ntbi = tris(benzimidazol-2-ylmethyl)amine, (e {(3,12-bis(2-pyridylmethyl)-3,12,18-triaza-6,9-
dioxabicyclo-[12.3.1]octadeca-1,14,16-triene), bpe =  1,2-bis(4-pyridyl)ethane, tpcb =  tetrakis(4-
pyridyl)cyclobutane, 2,3'-Hpcad = N3-(2-pyridoyl)-3-pyridinecarboxamidrazone, Murex = 2,6-dioxo-5-[(2,4,6-trioxo-

5-hexahydropyrimidinylidene)amino]-3H-pyrimidin-4-olate, tbpy = 6-(tetrazol-5-yl)-2,2'-bipyridine, H2L4= N,N’
5

,N”’-trimethyl-N,N"’-bis(2-hydroxy-3-methoxy5-methylbenzyl) diethylene triamine, L° = N,N’-bis-pyridin-2-yl-
methelene-1,8-diamino-3,6-dioxaoctane, HZL6 =
2-hydroxy-N'-[(E)-(2-hydroxy-3-methoxyphenyl)methylidene]benzhydrazide, HL’ =

2-(tetrazol-5-yl)-1,10-phenanthroline, tta = 2-thenoyltrifluoroacetonate, tmh = 2,2,6,6-tetramethylheptanoate,
H,TEG = triethylene glycol, Tppy = tris(3-(2-pyridyl)pyrazolyl)hydroborate, L6-2H = derivative of (1Z,2E,N'E)-N'-(2-
hydroxy-3-methoxybenzylidene)-2-(hydroxyimino)propanehydrazonic acid, H2DABPH = 2,6-
diacetylpyridinebis(benzoic acid) hydrazine, HGL8 = N’-((1,8-dihydroxynaphthalene-2,7-
diyl)bis(methanylylidene))bis(2-hydroxybenzohydrazide), H,daps = 2,6-bis(1-salicyloylhydrazonoethyl)pyridine,
Hnma = N-(2-(8-hydroxylquinolinyl)methane(2-(4-imidazolyl)ethanamine, H? = 2-methoxy-6-[(E)-
phenyliminomethyllphenol, 5BrsalanH = N-(5-bromosalicylidene)aniline

Table S7. CASSCF+RASSI-SO computed relative energies of the eight low lying Kramers Doublets along
with g tensors and deviations from the principal magnetization axis with respect to the first KD for
complex 1.

E (K) Bxx vy 8z Angle (°)
0.0 0.006 0.012 19.837
184.9 0.212 0.228 16.800 0.0
381.0 0.468 0.583 13.380 0.0
526.6 5.213 5.565 8.350 0.1
626.6 2.259 2.519 14.626 90.0
668.3 0.666 0.736 12.369 89.9
695.2 0.329 1.773 13.286 89.9
808.0 0.071 0.120 19.587 89.8




Table S8. CASSCF+RASSI-SO computed relative energies of the eight low lying Kramers Doublets along
with g tensors and deviations from the principal magnetization axis with respect to the first KD for

Models 1-9 respectively.

Model-1 (changing axial F for OH")

E (K) 4 8, 8, Angle (°)
0.0 0.009 0.033 19.687
143.3 0.560 0.600 16.390 0.0
270.1 0.114 0.815 13.060 0.0
370.8 4.751 5.432 8.975 0.0
466.0 0.190 5.168 10.759 90.0
514.5 1.797 4.390 13.539 90.0
559.0 0.121 0.634 18.793 90.0
646.6 0.038 0.075 19.572 90.0
Model-2 (changing axial F for CHO,")
E (K) 4 8, 8, Angle (°)
0.0 3.863 6.423 11.446
33.5 2.606 4.495 8.571 138.8
48.2 7.726 5.582 0.303 18.6
87.2 6.437 5.628 2.243 142.0
175.1 0.592 1.686 14.752 36.1
202.6 10.559 6.149 0.484 51.5
226.5 2.782 4.545 11.478 119.9
0.159 0.503 18.459 68.6

293.4




Model-3 (changing axial F for tBuCO, )

E (K) 8, 8, 8, Angle (°)
0.0 3.763 5.910 11.588
30.2 1.586 3.746 12.202 34.0
48.2 7.813 6.799 0.816 60.0
94.0 8.380 5.821 1.074 23.9
171.8 0.817 2.313 13.379 37.3
193.5 9.460 7.802 0.561 63.7
222.4 4.143 5.557 9.887 57.7
281.3 0.358 0.996 18.055 63.8
Model-4 (changing axial F for CF3CO; )
E (K) g, g, g, Angle (°)
0.0 11.499 6.983 1.153
20.1 0.373 6.293 12.510 104.2
57.8 9.004 7.216 2.380 21.3
110.2 8.449 6.692 1.502 80.8
178.6 1.440 2.288 11.962 70.0
200.4 9.626 8.015 0.414 49.4
239.1 4.458 4.822 7.957 136.1
0.948 3.344 16.296 92.7

283.2




Model-5 (changing axial F for CH;CH,CH,0")

E (K) 4 8, 8, Angle (°)
0.0 0.010 0.034 19.668
135.8 0.567 0.586 16.400 0.5
261.4 0.069 0.766 13.052 3.5
361.3 4.876 5.492 8.954 14.2
457.1 0.582 5.212 10.010 92.5
502.0 1.983 5.061 13.061 89.1
549 8 0.126 0.563 18.844 88.7
630.8 0.038 0.088 19.537 89.9
Model-6 (changing axial F for tBuCH,CH,0")
E (K) g, g, g, Angle (°)
0.0 0.009 0.031 19.686
140.4 0.528 0.545 16.441 0.6
269.8 0.026 0.660 13.109 3.3
372.4 4.870 5.361 9.035 14.1
469.3 9.651 5.345 0.792 81.6
514.2 2.100 5.355 12.818 90.8
563.9 0.114 0.516 18.890 88.7
0.038 0.088 19.545 90.1

641.3




Model-7 (adding ortho F group to the cage ligand)

E (K) 4 8, 8, Angle (°)
0.0 0.002 0.004 19.882
241.0 0.122 0.126 16.913 0.0
469.8 0.078 0.163 13.805 0.0
645.4 3.440 3.533 10.097 0.0
765.1 9.011 5.784 1.350 89.8
812.3 1.343 5.539 13.147 89.8
855.9 0.401 1.541 18.327 90.0
9335 0.043 0.258 19.594 89.8
Model-8 (adding ortho CN group to the cage ligand)
E (K) g, g, g, Angle (°)
0.0 0.003 0.007 19.865
211.5 0.182 0.189 16.857 0.0
421.0 0.121 0.223 13.546 0.0
575 5 5.135 5.237 8.760 0.0
683.0 1.612 3.189 12.868 89.9
719.0 0.075 2.662 14.869 89.8
764.7 0.134 0.915 18.093 90.0
844.3 0.106 0.242 19.542 90.0




Model-9 (adding para NO, group to the cage ligand)
E (K) 4 8, 8, Angle (°)
0.0 0.003 0.007 19.861
203.4 0.172 0.178 16.865 0.0
4126 0.132 0.235 13.595 0.0
570.5 4.768 4.838 9.048 0.0
680.4 1.745 3.702 11.834 89.9
716.8 0.258 3.208 14.464 89.8
755.9 0.211 1.185 17.633 89.8
842.6 0.110 0.252 19.531 89.8
— simulation
—A1

Fig. S3 The powder X-ray diffraction pattern of 1. The black line represents the simulated powder X-
ray diffraction pattern generated from single-crystal data collected at 150 K, and the red line
represents the experimental data measured at ambient temperature.
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Fig. S4 The powder X-ray diffraction pattern of 3. The black line represents the simulated powder X-
ray diffraction pattern generated from single-crystal data collected at 150 K, and the red line
represents the experimental data measured at ambient temperature.
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Fig. S5 Thermogravimetric analysis for 1 under an argon atmosphere (10 K min™).



Fig. S6 The displacement ellipsoids for 1 are drawn at 50% probability level. Hydrogen atoms, the co-

crystallised water molecule and counter-ions are omitted for clarity. Dy, gold; N, blue; F, green; C,

grey.

Fig. S7 The structure of 1. The polydentate ligand is able to encapsulate and stabilise the dysprosium
centre in a {Ng} coordination environment with the Dy-N bond distances falling in two categories: i)
those between Dy-Ng, that are shorter falling in the 2.531(3)-2.541(3) range and ii) those between Dy-
N.m that are longer in the 2.669(3)-2.689(3) A range. (Table S3, ESI). Dy, gold; N, dark blue; F, green;

carbon, grey.



Fig. S8 Comparison of the calculated (with SHAPE*) and experimental muffin coordination sphere for
the Dy(lll) ion in complex 1. The geometry of {DyNg} core is very close to an ideal square antiprismatic
geometry (pseudo D4y symmetry) as shown by the SHAPE analysis (1.411) (Table S5). Dy, gold; N, dark

blue; F, green.

Fig. S9 Intermolecular hydrogen bonding in 1. Hydrogen atoms are omitted for clarity. The co-

crystallised water molecule shows some disorder. Dy, cyan; N, dark blue; F, green; S, yellow; O, red.



Fig. S10 (Left) The columnar crystal packing of 1 looking down the a axis. (Right) The C-H:--F
intermolecular interactions between neighboring molecules of 1. Hydrogen atoms are omitted for
clarity, except for the hydrogens atoms that are emphasized in the C-H:--F interactions. The co-

crystallised water molecule and counter-ions are omitted for clarity. Dy, gold; N, dark blue; F, green.
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Fig. S11 The columnar crystal packing of [La"LF](CFsS0O;),H,0 (2) looking down the b axis. Hydrogen

atoms are omitted for clarity. The co-crystallised water molecule and counter-ions are omitted for

clarity. La, sky blue; N, dark blue; F, green.



Fig. S12 The crystal structure of the new ligand, 4, where the electron withdrawing group, CN, has

been included in the ortho position of the rings.
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Fig. S13 ymT vs. T data for 1 in a field of 1000 Oe from 300 — 2.8 K.
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Fig. S14 T vs. T data for 3 in a field of 1000 Oe from 50 — 2.8 K.
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Fig. S15 Temperature dependence of the in-phase, x’» (upper), and out-of-phase, x"m (lower)

susceptibility, in zero dc field, for 1 with ac frequencies of 0.6-800 Hz.
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Fig. S16 Temperature dependence of the in-phase, x’» (upper), and out-of-phase, x"m (lower)

susceptibility, in zero dc field, for the doped sample 3 with ac frequencies of 4-800 Hz.
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Fig. S17 Frequency dependence of the in-phase susceptibility for 1 (upper) and 3 (lower), in

zero dc field. The solid lines correspond to the best fit.
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Fitting of the relaxation times

The plot of the relaxation times T+ versus T for 1, 3 and 1@1600 were analysed with multiple

relaxation processes using equation 1.
-1_ -1 n, . -1
T =tqm +CT +7  exp(-Uer/T) (1)

where tQTM'l accounts for the temperature independent quantum tunnelling of magnetization, CT"
represents the Raman relaxation process (typically n =4, 5,7, 9) and to " exp(-Ues/T) accounts for the

Orbach process.

Table S9. Parameters obtained from the fitting of the relaxation times for 1, 3 and 1@1600 Oe.

Complex Uess (K) To(s) Tqm (s) C(K™"s™) n
1 116 0.40x 10”7 0.02 8.1107 5.3
3 291 0.45x 107° - 45107 6
1@1600 Oe | 178 0.60x107° - 22107 5.5
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Fig. S19 Log-Log plot of the relaxation times, T versus T for 1. The data were analysed using the
equation: Tl= tQTM_l +CT 4+ 1o ° exp(-Ue/T). The best fit (red line) gives n = 5.3, C = 8.1 103Kk s
Tqrm=0.02's, To=0.40x 107 s and Ueg= 116 K.
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Fig. S20 Log-Log plot of the relaxation times, t* versus T for 3. The data were analysed using the
equation: =+t exp(-Ues/T). The best fit (red line) givesn =6, C = 4.5 10°K"s ™ 19 =0.45x
1075, and Uey= 291 K.*°
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Fig. S21 Frequency dependence of the in-phase (upper) and out-of-phase (lower) susceptibility
at 5 K measured at different dc fields for complex 1. The solid lines correspond to the best fit.
(Upper Inset) Relaxation times (t) as a function of the applied field (Oe) for 1, showing the

optimum dc field as 1600 Oe.
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Fig. S22 Temperature dependence of the in-phase, x’» (upper), and out-of-phase, x”m (lower)

susceptibility, measured in a 1600 Oe dc field, for 1 with ac frequencies of 0.5-800 Hz.
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Fig. S23 Frequency dependence of the in-phase (upper) and out-of-phase (lower) susceptibility

for complex 1, in a 1600 Oe dc field. The solid lines correspond to the best fit.
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Fig. S25 Log-Log plot of the relaxation times, T " versus T for 1 in a 1600 Oe dc field. The data were
analysed by equation: tl=CT+ 1t exp(-Ues/T). The best fit (red line) gives n=5.5, C= 2.2 103K "s7Y,
T0=0.60x 107° s, and Ugs= 178 K.3®
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Fig. 527 Powder magnetic hysteresis measurements for 3 at 2-4 K with an average sweep rate of 10 mTs™".



Computational Details:

All the ab initio calculations have been performed using MOLCAS 8.0 code. The employed basis sets
are given below:

C.ANO-RCC...3s2p.,
N.ANO-RCC...4s3p2d1f,,
0.ANO-RCC...3s2p1d.,
F.ANO-RCC...4s3p2d1f,,
S.ANO-RCC...4s3p1d.,
H.ANO-RCC...2s,,
Dy.ANO-RCC...8s7p5d3f2g1h..

For the 4f° electronic configuration of Dy(lll), the 6H15/2 multiplet is expected to be the ground state.
First, we have generated the guess orbitals and have selected seven Dy(lll) based starting orbitals to
perform the CASSCF calculations. CASSCF calculations have been performed using nine electrons in
the seven active orbitals, with an active space of CAS(9,7). Using this active space, 21 sextets have
been computed using the configuration interaction (Cl) procedure. Then we have performed RASSI-SO
module to compute the spin-orbit coupled states. After computing these SO states, we have
performed the SINGLE_ANISO code to extract the corresponding g-tensors. Here we have computed
the g-tensors for the eight low-lying Kramers Doublets. The Cholesky decomposition for two electron
integrals is employed throughout in the calculations to reduce the disk space.37

In Silico Modelling: We have performed selective optimization for the model complexes, where we
have used the experimental structural parameters and optimized selectively the additionally added
functional group. For this, we have performed calculations in the Gaussian 09 program suite®® using
the hybrid B3LYP functional.*®* We have replaced Dy(lll) ion with La(lll) ion and treated by ECP SDD
basis set.* For all other elements we have used the 6-31G basis set.*’ We have used same
methodology to perform frequency calculation for complex 1 on the X-Ray reported structure.



Fig. S28 (upper) Ab initio SINGLE_ANISO computed ground state KD orientation along with (lower)

LoProp charges of the important atoms for complex 1.
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Fig. S29 (left) DFT calculated frequencies for complex 1. The frequency at 115 cm ™ is the one through
which one can expect relaxation. This frequency has Dy-F axial bond bending and very small
stretching. We have performed magneto-structural studies on the models generated from this
frequency. (right) Magnetic blockade diagram for model at a scale displacement of 1.5 A, the Ug,
value is reduced <203 K. It is important to note here that the change in Dy-F bond distance is very

small at this scale displacement (~0.1 A).
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Fig. S30 (Left) Ab initio simulated (red line) and experimental (black squares) ymT vs. T plots for
complex 1. (Right) POLY_ANISO computed blockade diagram for complex 1, when considering
intermolecular exchange and dipolar exchange couplings (0.08 cm™* and 0.02 cm™?, respectively). The
numbers given in the magnetic blockade diagram represent tunnel splittings for the non-Kramers

dimeric Dy---Dy model system.
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Fig. S31 Ab initio calculated relaxation dynamics for Models 1-9 (a-i, see Fig S32 and Table S8). The
arrows show the connected energy states with the number representing the matrix element of the
transverse moment (see text for details). Here, QTM = quantum tunnelling of the magnetisation, TA-
QTM = thermally assisted QTM, O/R = Orbach/Raman process. The numbers above each arrow

represent corresponding transverse matrix elements for the transition magnetic moments.






Fig. S32 Ab initio SINGLE_ANISO computed ground state KD orientation for Models 1-9.
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Fig. S33 ModelA (top) on which magneto-structural studies have been performed by rotating the -N4
plane. Ab initio U values are given in the Table. The changes in the U, values are very small

suggesting the dominance of the strong axial ligand field over the transverse field, upon rotating the -

N4 plane.
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Fig. S34 (a-e) Magnetic blockade diagram for ModelA, ModelA-3, ModelA-6, Model+A3 and Model+A6

respectively. Rotation of the -N4 plane does not change the U, as well as the QTM/TA-QTM values,

suggesting the dominance of the strong axial Dy-F bond.
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