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Figure S1. Theoretical (black line) and experimental (red line) X-Ray powder diffraction
diagrams of compound 1.
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Figure S2. Theoretical (black line) and experimental (red line) X-Ray powder diffraction
diagrams of compound 2.
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Figure S3. (Left) Theoretical (black line) and experimental (red line) X-Ray powder diffraction
diagrams of compound 2°. (Right) Comparison of these X-ray powder diffraction diagrams with
the theoretical one for 2 (green line).

I 6000
L | 5500

I 5000
4500
L4000
I 3500
L 3000
L 2500
L 2000

° [ 1)
L 1500

([ ]
L 1000
I 500
p
*

* *
o

g g8 s g

™ ™o o ™ © +-500

T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1 2 3
f1 (ppm)

('ne))



3000

2500

{2000

1500

1000

500

6
f1 (ppm)

Figure S4.- (Top) *H NMR(400MHz, DMSO-d6,298K): 8.36 ppm (s,3H), 7.31 ppm (s,3H),

7.04 (s,3H), 3.93ppm (m,3H), 3.56 (m,3H),1.81 ppm(m,6H) of L.(Bottom) *H NMR(400MHz,
DMSO0-d6,298K): 13.44ppm (s,3H), 8.67 ppm (s,3H), 7.45 (m,3H), 7.35ppm (m,3H), 6.90ppm
(m,6H), 3.70 ppm (m,3H), 2.06 ppm (m,3H), 1.81(m,3H) of HsL 1. Very weak signals are due

to small impurities.
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Figure S5. TOF-MS ES+ mass spectra of L (top) and HsL1 (botton). Very weak peaks at m/z
larger than [M+H]* might be assigned to adduct/reactions in the ion source and/or impurities.



Table S1.-Crystal data and structure refinement for
CCDC2497812

Identification code 1
Empirical formula C42H54C14C02N18016
Formula weight 7960.13
Temperature/K 120.00
Crystal system trigonal
Space group P31c
alA 9.650
b/A 9.650
c/A 16.570
a/° 90
B/° 90
v/° 120
Volume/A3 1336.4
Z 1
peatcg/cm® 1.649
p/mm? 0.907
F(000) 682
Crystal size/mm? 0.158 x 0.075 x 0.059
Radiation MoKa (A =0.71073)
20 range for data collection/® 4.874 10 56.590
Index ranges -12<h<12,-12<k<12,-18<1<22
Reflections collected 13332
Independent reflections 2049 [Rint = 0.0383, Rsigma = 0.0348]
Data/restraints/parameters 2049/1/126
Goodness-of-fit on F2 1.082
Final R indexes [I>=2¢c (I)] R1=0.0248, wR2 = 0.0563
Final R indexes [all data] R1=0.0279, wR, = 0.0587
Largest diff. peak/hole / e A 0.317/-0.236
Flack parameter 0.033(8)



Table S2.- Crystal data and structure refinement for 2°.

CCDC2497813
Identification code 2’
Empirical formula Cs4H18C03N6Os
Formula weight 1053.77
Temperature/K 170.00(10)
Crystal system triclinic
Space group P-1
alA 11.1887(4)
b/A 11.3205(2)
c/A 18.2442(4)
a/° 101.190(2)
B/° 90.415(2)
v/° 90.035(2)
Volume/A3 2266.85(10)
z 2
peatcg/cm® 1.544
p/mm* 1.146
F(000) 1086
Crystal size/mm? 0.280 x 0.157 x 0.076
Radiation MoKa (A =10.71073)

20 range for data collection/®
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

1.972t0 29.51

-15<h<15,-15<k<12, -23<1<24

31177

11016 [Rint = 0.0495, Rsigma = 0.0774]

8214/0/625
1.102

R1=0.0867, wR2 = 0.2299
R1=0.1065, wR2 = 0.2386

2.034/-0.862



Table S3.- Crystal data and structure refinement for 2. CCDC2497814

Identification code 2
Empirical formula CeoHe2C03NgOs
Formula weight 1199.96
Temperature/K 170.00(10)
Crystal system cubic
Space group la-3d
alA 40.1409(2)
b/A 40.1409(2)
c/A 40.1409(2)
a/° 90
/e 90
v/° 90
Volume/A3 64678.60(11)
z 48
Pcalcglcm3 1.479
p/mm* 0.978
F(000) 29904
Crystal size/mm? 0.216 x 0.109 x 0.061
Radiation MoKa (A =10.71073)

20 range for data collection/®
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

2.259 t0 25.965

-54 <h<55,-51<k<54, -55<1<353

362611

7676 [Rint = 01192, Rsigma = 01585]

3992/0/312
1.021

R1=0.0590, wR2 = 0.1461
R1=0.1225, wR2 = 0.1756

1.099/-0.278
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Scheme 1. Atom labelling used for 1 in the tables S4 and S5.
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Table S4.- Bond Lengths for 1
Atom Atom  Length/A

Col
Col
Col
Col
Col
Col
Cl2
Cl2
Cl2
Cl2

N1t
N1?
N1
N2
N2?
N2
o1
02’
02
02

Cll1 0O2CL
Cll1 O1CL

Cl1 01CL?
Symmetry codes: 11+Y-X,1-X,+Z; 21-Y +X-Y,+Z; 32-Y,1+X-Y +Z; “1+Y-X,2-X +Z

.162(2)

= e = T = ST N R SR O N
}_\
o
o1

1.431

Table S5.- Bond Angles for 1
Atom Atom Atom

N1
N1
N1°
N1
N1?
N1
N1
N1°
N1
N1
N1°
N1
N2!
N2!
N22
01
o1
o1
023
02
02’

Col
Col
Col
Col
Col
Col
Col
Col
Col
Col
Col
Col
Col
Col
Col
Cl2
Cl2
Cl2
Cl2
Cl2
Cl2

N12
N1
N1
N2?
N2!
N2!
N22
N22
N22
N2
N2
N2
N2
N22
N2
028
02
02
02
02
02

O1CL! CI1 02CL
O1CL CI1 O2CL

Angle/*

81.
81.
81.
76.
123.
142.
142.
76.
123.
123.
142.
76.
91.
91.
91.
1009.
1009.
109.
109.
1009.
1009.
109.
109.

Atom Atom  Length/A

Cl1 oicL!
N1 C2
N1 C3
N2 C4
N2 C5
N3 C4
N3 C6
N3 C7
C4 C3
C2 (12
C2 (1
C5 C6

C2
C3
C3
C4
C4
C5
C4
C4
C6
N2
N2
N3
N1
N1
C1?
N2
c2!
N1
N3
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N1 Col
N1 Col
N1 C2
N2 Col
N2 C5
N2 Col
N3 C6
N3 C7
N3 C7
C4 N3
C4 C3
C4 C3
cC2 (1
C2 (12
C2 C1
C5 C6
Cl (2
C3 C4
Cé6 C5

Atom Atom Atom
O1CL? CI1 02CL
O1CL Cl1 01cCL?
O1CL! Cl1 oi1CL
O1CL! Cl1 o1CcL?

1
1
1
1
1
1.
1
1
1
1
1
1

Angle/*

1009.
1009.
1009.
1009.
124.
116.

106.



Table S6.- SHAPE Calculations for compound 1.

P E v2.1 Continuous Shape Measures calculation
13 Electronic Structure Group, Universitat de Barcelona
Contact: 1llunell@ub.edu

JPPY-6 5 Cbv Johnson pentagonal pyramid J2

TPR-6 4 D3h Trigonal prism

0OC-6 3 Oh Octahedron

PPY-6 2 Chv Pentagonal pyramid

HP-6 1 D6h Hexagon

Structure [ML6 ] JPPY-06 TPR-6 0C-6 PPY-6
Col 21.415, 1.198, 10.814, 17.232,

Table S7. Co-O and Co-N distances (A) in 2°.

ColA d(A) Co2A d(A) ColA
ColA-O18A  2.120(5) Co2A-018A 2.125(4) ColA-O18AT
ColA-0O38A  2.115(5) Co2A-038A 2.081(4) ColA-038A
ColA-O58A  2.121(4) Co2A-058A 2.075(4) ColA-O58AT
ColA-N1A 2.143(6)  Co2A-O18AT  2.125(4) ColA-N1A
ColA-N3A 2.148(6)  Co2A-038A"  2.081(4) ColAN3AI
ColA-N5A 2.136(5)  Co2A-058A"  2.075(4) ColAN5AT

HP-6
35.957

d (A)
2.120(5)
2.115(5)
2.121(4)
2.143(6)
2.148(6)
2.136(5)

ColB d(A) Co2B d (A) ColBiil
ColB-018B  2118(5)  Co2B-O18B  2.082(4)  ColBii-O18B"
Co1B-038B 2.113(4) Co02B-038B 2.082(4) ColBiii_038Bi
Co1B-058B 2.106(5) Co2B-058B 2.094(5) ColBii_0O58Biil
ColB-N1B 2.136(5) Co2B-018B'" 2.082(4) Col1Bi_N1Bii
ColB-N3B 2.141(6) Co2B-038B'" 2.082(4) Co1Bii_N3Bii
ColB-NSB 2.153(5) Co2B-058B'" 2.094(5) ColBii_N5Bii

Symmetry codes: ii) 2-x, -y, 1-z; iii) 1-x, 1-y, 2-z.
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d (A)
2.118(5)
2.113(4)
2.106(5)
2.136(5)
2.141(6)
2.153(5)



Table S8.- Bond Angles for 2°.

Atom Atom Atom
N1A ColA O18A
N1A ColA 038A
N1A ColA O58A
N1A ColA N3A
N1A ColA N5A
N3A ColA O18A
N3A ColA 038A
N3A ColA O58A
N3A ColA N5A
N5A ColA O18A
N5SA ColA 038A
N5SA ColA O58A
0O18A ColA 038A
0O18A ColA O58A
038A ColA O58A
0O18A Co2A 038A
0O18A Co2A O58A
O18A Co2A O18AI
O18A Co2A O38A!
O18A Co2A O58A!
038A Co2A 0O58A
0O38A Co02A O18A
O38A Co02A O38A
O38A Co02A O58A
O58A Co2A O18A
O58A Co2A O38A!
O58A Co2A O58A!
N1Ail ColAil O18A
N1Ail ColAill O38AI
N1Ail ColAill O58AI
N1All ColAil N3Ai
N1All ColAil N5A#
N3All ColAil O18A"
N3Aill ColAil O38A
N3A#" ColAll O58A
N3All ColAil N5A#
N5AI ColAll O18AT
N5Al ColAil O38A
N5Al ColAill O58A
O18A/ ColAil O38AI
O18Ai Col1Al O58A
038AI Co1Al O58A
ColA 018A Co2A
ColA O38A Co2A
ColA O58A Co2A
ColA Co2A ColAi

Angle/
84.0(2)
124.9(2)
146.1(2)
87.5(2)
88.6(2)
146.2(2)
83.3(2)
124.4(2)
85.9(2)
126.4

104.21(19)
104.25(18)
76.86(18)
104.21(19)
180.0
103.14(18)
104.25(18)
103.14(18)
180.0 (4
84.0(2)
124.9(2)
146.1(2)
87.5(2)
88.6(2)
146.2(2)
83.3(2)
124.4(2)
85.9(2)

)

Atom Atom Atom
N1B ColB 018B
N1B ColB 038B
N1B ColB 058B
N1B ColB N3B
N1B ColB N5B
N3B ColB 018B
N3B ColB 038B
N3B ColB 058B
N3B ColB N5B
N5B ColB 018B
N5B ColB 038B
N5B ColB 058B
018B ColB 038B
018B ColB 058B
038B ColB 058B
018B Co2B 038B
018B Co2B 058B
0O18B Co2B 0O18Bii
0O18B Co02B 0O38B'
0O18B Co02B 0O58B'
038B Co2B 058B
038B Co02B O18B'
038B Co02B 0O38B'
038B Co02B O58B'
0O58B Co02B 0O18B'
0O58B Co02B 038B'
0O58B Co02B 0O58B'
N1Bii Co1Bii 018Bii
N1Bii Co1Bii O38Bii
N1Bii Co1Bii O58Biil
N1Bii Co1Bii N3BIii
N1Bii Co1B'i N5BIi
N3Biil Co1Bi 018Bfi
N3Bii Co1Bi 038Bfi
N3Bii Col1Bi O58B'
N3Biil Co1Bii N5BIii
N5Biil Co1Biii 018Biil
N5Biil Co1Bii 038Bfil
N5Biil Co1Bii O58Bfil
018BiiiCo1Bii O38B'
018BiiCo1Bi O58BTil
038BiiCo1Bi O58BTil
ColB 018B Co2B
ColB 038B Co2B
ColB 058B Co2B
ColB Co2B ColBii

Symmetry codes: ii) 2-x, -y, 1-z; iii) 1-x, 1-y, 2-z.
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Angle/
84.27(19)
147.2(2)
122.6(2)
87.9(2)
88.3(2)
124.7(2)
84.08(19)
147.5(2)
86.4(2)

103.96(19)
105.1(2)
76.43(19)
103.96(19)
180.0
103.56(19)
105.1(2)
103.56(19)
180.0
84.27(19)
147.2(2)
122.6(2)
87.9(2)
88.3(2)
124.7(2)
84.08(19)
147.5(2)



Table S9. Co---Co distances (A) in 2 and 2°.

Co---Coin2 Co---Coin2’
Col---Co2 2.9744(3) ColA---Co2A 2.9759(8) ColB---Co2B 2.9782(8)
Co2---Col'  2.9744(3) Co2A.---ColAl  2.9759(8) Co2B---ColB"  2.9782(8)
Symmetry codes: i) 5/4 -y, 5/4 — X, Ya — z; ii) 2-X, -y, 1-z; iii) 1-x, 1-y, 2-z.

Table S10.- SHAPE Calculations for compound 2°.
Molecule A

P E v2.1 Continuous Shape Measures calculation
13 Electronic Structure Group, Universitat de Barcelona
Contact: 1llunell@ub.edu

JPPY-6 5 Cbv Johnson pentagonal pyramid J2

TPR-6 4 D3h Trigonal prism

0C-6 3 Oh Octahedron

PPY-6 2 Chv Pentagonal pyramid

HP-6 1 D6h Hexagon

Structure [ML6 ] JPPY-6 TPR-6 OC-6 PPY-6 HP-6
Col 21.345, 1.235, 10.495, 17.574, 33.865
Col’ 21.355, 1.237, 10.493, 17.567, 33.876
Co2 32.059, 14.304, 2.643, 29.240, 29.035

Molecule B

Structure [ML6 ] JPPY-6 TPR-6 OC-6 PPY-6 HP-6
Col 21.914, 1.669, 9.449, 17.622, 34.330
Col’ 21.912, 1.669, 9.449, 17.625, 34.321
Co2 31.736, 14.290, 2.768, 29.048, 29.026

Crystal Structure of compound 2.

Compound 2 crystallizes in the cubic la-3d space group, and its asymmetric unit contains one
half of the [(CoL1).Co] cobalt(ll)-complex and 2 DMF solvent molecules. Although DMF
solvent molecules could not be modelled from the Fourier map, the solvent accessible void
volume in compound 2 is consistent with the presence of two DMF molecules per unit cell.
Therefore, the diffraction intensities of the disordered solvent were treated using the SQUEEZE
routine as implemented in PLATON and the presence of two DMF solvent molecules were
included in the final formula. The structure of compound 2 can be described as a linear
centrosymmetric tricobalt complex, which exhibits a virtually identical arrangement as in 2’
(see Figure 2). The peripheral Co(ll) centers, named Co(1), exhibit a CoNsOs; coordination
sphere composed by the imine nitrogen and the phenoxide oxygen atoms, whereas the central
Co(Il) ion, named Co(2), is coordinated to both L1* ligands through the phenoxide oxygen
groups, leading to a CoOs coordination sphere. Mean Co—N and Co-O bond distances (Table
S11) and angles (Table S12) are consistent with the ones found in 2’ and other Co(Il)
complexes with this kind of donor atoms; Co(1)-N, 2.122-2.144 A; Co(1)-0 2.105-2.130 A and
Co(2)-0 2.062 A-2.098 A ranges. Continuous shape measurements (Table S13) indicate that
the coordination sphere of the cobalt(Il) centres coincide with those found in 2°, exhibiting the
peripheral Co(1) ions a symmetry close to an ideal TPR-6 polyhedron (TPR-6 = 1.221, OC-6
10.720, % path deviation of 5.2) and the central Co(2) being close to an ideal octahedral
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geometry (SOC-6 = 3.019, TPR-6 = 10.75 ). The organic ligands on compound 2 exhibits the
same arrangement as in 2’, in which the arms of the two coordinated ligands are found rotated
by 60° one from each other (Figure 2), which can be viewed from the pseudo-Cs axis running
along the Co-Co-Co trinuclear center. Finally, the mean shortest intramolecular Co(1)---Co(2)
and Co(1)---Co(1) distances are found to be 2.974 and 5.947 A, respectively (Table S9).

In summary, the main differences between 2’ and the related complex [{Co(u-L)}2Co] (2)
(where L = 1,1,1-tris[(salicylideneamino)methyl]ethane) are: (i) The CoNsOs coordination
environment of the external Co(ll) ions is closer to an ideal TPR- geometry in the former than in
the latter, (ii) The Co(2) central ion, however, is slightly more distorted from the ideal OC-6
geometry in compound 2, (iii) the Co(1)---Co(1) and Co(1)---Co(2) distances are both slightly
larger in 2 and, consequently, the Co(1)-O-Co(1) bridging angles (mean value of 90.1° for the
former and 88.3° for the latter), (iv) the 6 angle between the N3 and O3 triangular parallel faces
is larger for the former (12.42°) than for the latter (9.7°), whereas the mean ¢ angles between
the Co(1)-O-Co(2) plane and the plane of the phenyl ring is larger for the latter than for the
former.

Table S11. Co—O and Co-N distances (A) in 2.

Col d (A) Co2 d (A) Col! d (A)

Col-018 2.105(2) C02-018 2.062(2) Col-018'  2.105(2)
Co1-038 2.130(3) C02-038 2.088(3) Col-038"  2.130(3)
Col-058 2.113(2) C02-058 2.098(2) Col-058  2.113(2)
Col-N1 2.144(3) C02-018' 2.062(2) ColiN1'  2.144(3)
Col-N3 2.122(3) C02-038 2.088(3) ColiN3'  2.122(3)
Col-N5 2.130(3) C02-058 2.098(2) ColiN5'  2.130(3)

Symmetry codes: i) 5/4 -y, 5/4 — X, Ya— z.

Table S12.- Bond Angles for 2

Atom Atom Atom Angle/® Atom Atom Atom Angle/®

N1 Col 018 83.45(11) 038 Co2 058 173.65(11)
N1 Col 038 125.11(13) 058 Co2 018 99.34(10)
N1 Col O58 146.56(11) 058 Co2 038! 173.65(11)

N1 Col N3 86.39(13) 058 Co2 058 108.28(13)
N1 Col N5 88.03(13) N1' Col' 018 83.45(11)
N3 Col 018 143.27(13) N1' Col' 038 125.11(13)
N3 Col 038 83.30(12) N1' Col' 058 146.56(11)
N3 Col 058 125.52(12) N1 Col' N3 86.39(13)
N3 Col N5 89.10(14) N1' Col! N5 88.03(13)
N5 Col 018 125.56(12) N3' Col' 018 143.27(13)
N5 Col 038 145.16(12) N3' Col' 038 83.30(12)
N5 Col O58 83.30(11) N3 Col 058 125.52(12)
018 Col 038 74.19(11) N3' Col' N5 89.10(14)
018 Col 058 75.76(9) N5' Col' 018 125.56(12)
038 Col 058 73.97(10) N5' Col' 038 145.16(12)
018 Co2 038 76.00(10) N5' Col' 058 83.30(11)
018 Co2 058 77.00(9) 018" Col' 038 74.19(11)
018 Co2 018 173.87(16) 018" Col' 058 75.76(9)
018 Co2 038 108.01(10) 038" Col' 058 73.97(10)
018 Co2 058 99.34(10) Col 018 Co2 91.08(9)
038 Co2 058 75.13(11) Col 038 Co2 89.69(10)
038 Co2 018 108.02(10) Col 058 Co2 89.87(9)
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Table S12.- Bond Angles for 2

Atom Atom Atom Angle/ Atom Atom Atom Angle/
038 Co2 038! 102.00(17) Col Co2 Coill 178.01(3)
Symmetry codes: i) 5/4 -y, 5/4 — X, Ya— 2.

Table S13.- SHAPE Calculations for compound 2.

S HA P E v2.1 Continuous Shape Measures calculation (c)
2013 Electronic Structure Group, Universitat de Barcelona
Contact: 1llunell@ub.edu

HP-6 1 D6h Hexagon

PPY-6 2 Cbhv Pentagonal pyramid

0C-6 3 Oh Octahedron

TPR-6 4 D3h Trigonal prism

JPPY-6 5 Cbv Johnson pentagonal pyramid J2

Structure [ML6 ] HP-6 PPY-6 OC-6 TPR-6 JPPY-6
Col 33.820, 17.262, 10.675, 1.221,
21.208

Col 33.820, 17.262, 10.675, 1.221,
21.208

Co2 29.402, 26.547, 3.019, 10.720,
29.893

imine

h=2.669 A

imd

s,=3.089 A

Smean= 2.963 A

mean™

Spean/ N =111

mean

Figure S6. CoNg coordination sphere of 1 including some structural parameters.

16



Figure S7. Interactions between the perchlorate anion and the hydrogen atoms bonded to the N4
imidazole atoms.

Figure S8.- Packing of compound 1 including the shortest intermolecular Co---Co distances.
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s/h =0.97 s/h=0.78

Figure S10.- Packing of compound 2 including the shortest intermolecular Co---Co distances.
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Table S14.- Experimental anisotropy parameters (extracted from ZFS and/or GF Hamiltonians
and FIRMS), continuous shape measures, slow magnetic relaxation (SMR) at zero field and
hysteresis for selected hexacoordinated Co(lIl) MSMMs with local geometry closer to trigonal

prismatic.
Compound Dexp/cm? | Eexpl Asx/em-1 | [Am|/cm? | SOC6/STPR6 | SMR Hysteresis (2 K) | Ref
(Hdc =0)/
Uett (cm'1)
[Co (PStMelmid)][BFa],* 98.9 b 13.9/0.49 Yes/26 Yes 1
(-114)2
[Co (PStMelmid)][ClO4]2* -95.2 b 13.6/0.53 Yes/28 Yese 1
(-114)2
[Co (tppm*)][BPh4]> -97.2 0.009 15.9/0.55 Yes/123 Yesd 2
[Co(tppm)][ClO4]2-2CHsCN-H,0 | -80.7 0.6 14.9/0.59 Yes/39 Yesd 3
[Co(TzOx)s(BCgHs)Cl] -602.4 | 94.3 16.8/0.73 Yes/44 N.R. 4
[Co(PzOx)3(BCsHs)ICI -82.0 0.25 16.3/0.83 Yes/49 Yes 5
[Co(PzOx)3(BC16H33)]Cl{c-Co) -111 b 15.8/0.81 Yes/180 Yes 6
[Co(PzOX)s(BC1sH33)]CI(B-Co) 741 b 16.3/0.87 Yes/109 Yes 6
[Co(AcPzOx)3(BCsHs)DMF], -85.2 b 15.2/0.86 Yes/128 N.R. 7
(B10Cl10)
[Co(PSImid);](NOs), -72 7 11.9/0.87 Yes/23 N.R. 8
[Co(AcMelmd)sBPh]CIO,4 -102.52 b 13.5/0.90 Yes/51 Yes 9
[Co(tamcyMelmd)][BF4]2* -108.1 0.08 10.18/1.20 Yes/27 Yesd T.w.
(-108.5)a
[Co(pprz)] -31 <0.001 10.9/1.38 Yese/57 N. R 10
(H=0.12T)
{Na[Co(tamcypy)]}(BPha)s -75.8 0.0001 9.3/1.79 Yes/50 No 11
(H=0.1T)
[CoTpPY]PFs -1054.4 2.25 15.3/1.86 Yes/36 Yes 12
[Co(AcPyOx)sBCsHs]CIO, -86 b 10.0/2.00 Yes/45 N.R. 13
[HNEt5][Co"Co"3(bhpmp)e] -115.9 2.8 9.5/2.22 Yes/76 No 14
[Co(hpy)][BPhal2-3CH,Cl, 107.5 3.5 8.2/2.47 Yes/80 No 2
[Co (PStpy)][BFal2 -127.6 0.22 7.4/2.76 Yese/39 Yesc 15
(-100.5)
[Co(PStpy)][ClO4]2-CH3OH -116 3.1 7.3/3.02 Yese/39 Yesc 15
(-97.5%
[Co (PStpy)]ZnCls-CH3OH 87.2 0.02 6.8/3.83 Yese/35 Yes© 15
(-93.9)2
[Co(PStiso)](ClO4),-2CHs0OH -80.9 0.02 -1668.9 1.77 5.6/4.32 Yese/30 N.R. 16
(-105)a (H=0.15T)
[CoLaiprop(CH3CN)](CIO4); -25.8 7.7 12.8/5.14 No/13 N.R. 17
(H=0.1T)
[Co(hdpym)Cl,]-H,0 -1252.2 | 183.6 11.29/6.15 | No/NR N.R. 18
[Co(neo)(CH3COO0),] -3317.1 | 133.0 11.8/3.76 No/26 N.R. 19
(H=0.1T)
[Co(fpa-en)]-MeOH -30.3 5.2 16.8/1.63 No/51 N.R. 20
(H=0.1T)
[Co(fpa-pda)]-DMSO -13.2 3.7 13.7/1.88 No/23 N.R. 20
(H=0.15T)
[Co(fpa-cn)]-MeOH -30.5 6.3 17.8/1.91 No/35 N.R. 20
12.7/1.47 (H=0.15T)
[Co (abs)2]-2H,0 474 0.001f 7.1/2.80 No/43 N.R. 21
(H=0.1T)
[Co (pabs)a] 383 0.003f 8.2/2.34 No/39 N.R. 21
(H=0.1T)

*These compounds have C3 symmetry. 2 These values were determined by FIRMS. ® In these cases E was
fixed to zero. ¢ The hysteresis was observed in pulse magnetization at 0.4 K. ¢ Open hysteresis at zero dc
field. T.w. represents this work. € Broad frequency dependent signal at very low temperature due to the
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presence of significant QTM. N.R = Not reported:f The computed values of E/D are close to 0.1, which
could justify the absence of SMR.
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Table S15. Spin Free CASSCF and CASSCF/NEVPT?2 energies (SE, cm™) for 1.

States 1
CASSCF | NEVPT2
1 0.0 0.0
2 0.2 0.2
3 4729.0 | 6019.8
4 6598.4 | 88314
5 6598.7 | 8832.4
6 6895.5 | 93945

Table S16. Energy levels after the inclusion of spin-orbit effects from CASSCF and
CASSCF/NEVPT?2 calculations (AE, cm™) for 1.

States

1

CASSC

F

NEVPT2

0.00

0.00

285.39

292.96

610.55

618.79

971.38

972.46

5035.00

6367.87

5174.36

6478.65

6916.19

9128.54

O|INO|O |~ WIN|F

7049.18

9261.43

Table S17. The ligand field one electron eigenfunctions from CASSCF/NEVPT2 calculations

for 1.

Orbital | Energy (eV) | Energy (cm™) d, dy dy, de_y2 dyy
1 0.000 0.0 0.999138 | 0.007487 |-0.040816 | -0.000604 | -0.000156
2 0.127 1026.6 -0.008885 | -0.054646 | -0.212834 | -0.887499 | -0.404948
3 0.127 1026.9 -0.003802 | 0.257072 | -0.043271 | -0.405229 | 0.876251
4 0.941 7586.1 -0.036931 | -0.224462 | -0.948467 | 0.192436 | 0.107849
5 0.941 7586.2 -0.016283 | 0.938344 |-0.227098 | 0.105371 | -0.237844
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Figure S11.- M vs H/T plot for 1.

Table S18. Spin Free CASSCF and CASSCF/NEVPT?2 energies (SE, cm™) for Co-1 and Co-2
in complex 2°. Co-1 and Co-2 refer to the edge and middle Co(ll) ions, respectively.

States Co-1 Co-2

CASSCF |NEVPT2 | CASSCF | NEVPT2

1 0.0 0.0 0.0 0.0

2 102.3 133.5 160.9 222.6

3 4756.5 | 6134.4 | 1697.1 | 2088.8

4 6015.1 | 79175 | 6756.1 | 8724.3

5 6116.1 | 8065.1 | 6784.3 | 8800.1

6 6817.4 | 9126.4 | 7073.8 | 9062.9

Table S19. Energy levels after the inclusion of spin-orbit effects from CASSCF and
CASSCF/NEVPT?2 calculations (AE, cm™) for Co-1 and Co-2 in complex 2°. Co-1 and Co-2
refer to the edge and middle Co''ions, respectively.

States Co-1 Co-2
CASSCF | NEVPT2 | CASSCF | NEVPT2
0.00 0.00 0.00 0.00
277.79 | 28253 | 239.86 | 233.11
618.31 | 634.67 | 567.61 | 596.34
976.12 | 982.34 | 906.31 | 914.40
4995.45 | 6399.44 | 2071.96 | 2430.90
5126.68 | 6507.29 | 2178.08 | 2526.88
6336.44 | 8221.92 | 7093.68 | 9021.31
6480.76 | 8354.18 | 7168.47 | 9090.17

O|INO|O | W N[
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Table S20. Contributions to D-tensor of Co-1 and Co-2 from CASSCF/NEVPT2 calculations.

Co-1 Co-2
D E D E
4D, -161.052 -0.001 -134.942 -0.005
4D, 3.787 -3.771 13.435 -13.478
44 4,129 -1.260 0.046 0.046
N ON 4,509 1.688 0.622 -3.864
405 2.337 2.309 6.413 6.413

Table S21. The ligand field one electron eigenfunctions for Co-1 and Co-2 from

CASSCF/NEVPT2 calculations.

Co-1

Orbital | Energy (eV) | Energy (cm™) d, d, dy, dy2_y2 dyy
1 0.000 0.0 -0.999140 | -0.018732 | -0.001924 | 0.019529 |-0.031351
2 0.224 1809.5 -0.021779 | 0.258065 |-0.084961 | 0.471391 | 0.838749
3 0.243 1962.8 -0.028761 | -0.099424 | -0.263721 | -0.834699 | 0.472245
4 0.895 7221.8 0.018180 | -0.950287 | -0.137394 | 0.238085 | 0.145130
5 0.910 7338.2 0.009317 | 0.141849 |-0.950974 | 0.154925 |-0.226801

Co-2

Orbital | Energy (eV) | Energy (cm™) d, dy, dy, de_y2 dyy
1 0.000 0.0 -0.833706 | 0.287008 | -0.000049 |-0.471764 | 0.000059
2 0.039 311.8 0.545614 | 0.296498 | 0.000097 |-0.783833 | 0.000245
3 0.052 420.2 -0.000118 | -0.000061 | 0.511829 | 0.000227 | 0.859087
4 0.938 7564.3 -0.000040 | 0.000006 | 0.859087 |-0.000079 |-0.511829
5 1.035 8346.9 0.085089 | 0.910887 | 0.000012 | 0.403788 |-0.000038

Figure S12. Orientation of the g-tensor components in Co-1 and Co-2, obtained from
CASSCF/NEVPT?2 calculations. The reference axis X, y and z of the g-tensor are displayed in
red, green and blue, respectively. Counterions and solvent molecules have been omitted for
clarity.
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Figure S13. NEVPT2-AILFT computed d-orbital energy diagram of Co-1 (left) and Co-2
(right) of complex 2°. Hydrogen atoms are omitted for clarity.
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Figure S14. (Left) An HFEPR spectrum of 1 at 4.5 K and 378 GHz. The resonance appears at

almost exactly 3 T. (Right) A field vs. frequency plot of the resonance as in Figure 1 at 4.5 K.
The line represents a g-value of 9.08.
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Figure S15.- (Top) Experimental 2-D (magnetic field vs. energy) heat maps of FIRMS response
of complex 2’. Regions marked in blue represent resonance absorption that is sensitive to
changing magnetic field. Regions in yellow are insensitive to the field. The most intense change
is observed at 76.8 cm™ in zero field. (Right) Transmission spectra recorded on powder pellet of
the complex at T = 4.2 K and at the indicated magnetic fields.
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Figure S16.- Temperature dependence of y”m for 1 at different frequencies under zero applied
magnetic field.
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Figure S17. Ab initio calculated relaxation pathways in compound 1. The black lines indicate
the KDs as a function of the magnetic moments. Red lines denote QTM in the ground state and
TA/QTM through the first and second excited states. Blue dashed lines represent possible
Orbach processes.
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Figure S18.- Cole-Cole plots for compound 1 at zero dc field in the indicated temperature
range.
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Figure S19.- Frequency dependence of the x"v at 10 K at the indicated magnetic fields (left)
and field dependence of t~* (right) for 1.
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Figure S20.- Temperature dependence of y”m for 1 at different frequencies under a Hqec = 2000
Oe.
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Figure S21.- Cole-Cole plots for compound 1 at Hg. = 2000 Oe in the indicated temperature
range.
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Figure S22.- Temperature dependence of y”wm for 2’ at zero dc field in the indicated frequencies
range.
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Figure S23.- Cole-Cole plots for compound 2 at zero field in the indicated temperature range.
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Figure S24. Ab initio calculated relaxation pathways in in Co-1 and Co-2 of compound 2°. The
black lines indicate the KDs as a function of the magnetic moments. Red lines denote QTM in
the ground state and TA/QTM through the first and second excited states. Blue dashed lines
represent possible Orbach processes.
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Figure S25. Temperature dependence of the ymT product for 2° (red circles) and POLY_ANISO
fits with the indicated parameters (solid lines in different colours).
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