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S1 Magneto-structural properties in [Co(L)2][Co(Xps)4] 
coordination compounds
Table S1 Overview of magnetic parameters observed in series ionic coordination compounds [Co(L)2][Co(Xps)4] 
with tridentate N-donor ligands and pseudohalide anions 

Structural parameters Magnetic anisotropy 
parameters 

SRM parameters

Ʃ=136o

S(OC-6)=4.94
DOct/cm-1= 70.0m (40.8)a

E/DOct
 = 0m (0.11)a

Compound 1 
[Co(L1)2][Co(NCS)4]‧0.5CH3CN
(this work) τ4=0.97

S(T-4)=0.03
DTet/cm-1= -6.6m (-3.2)a

E/DTet= 0m (0.14)a

No maximum in χ׳׳ up to 
10 kHz

Ʃ=133o (Co1A), 
137o (Co2A), 
S(OC-6) = 4.25(Co1A),
4.75(Co1B)

DOct/cm-1= 36.8m (52.0)a

E/DOct
 = 0m (0.06)a

Compound 2 
[Co(L1)2][Co(NCO)4]
(this work)

τ4=0.93 (Co2A); 
0.89 (Co2B).
S(T-4)=0.16 (Co2A); 
0.47 (Co2B).

DTet/cm-1= 7.7m (6.0)a

E/DTet= 0m (0.2)a

τ = 92(2) μs at 2.0 K; 
Ueff=8.4 K

Ʃ=124o

S(OC-6)= 4.00
DOct/cm-1= 94.5m (57.1)a

E/DOct
 = 0m (0.04)a

Compound 3 
[Co(L2)2][Co(NCO)4] 
(this work) τ4=0.97

S(T-4)=0.06
DTet/cm-1= -7.5m (-3.5)a

E/DTet= 0m (0.08)a

No maximum in χ׳׳ up to 
10kHz

Ʃ=131o

S(OC-6)= 4.46
DOct/cm-1= 49.2m (57.7)a

E/DOct
 = 0m (0.01)a

Compound 4 
[Co(L3)2][Co(NCO)4]‧2CH3CN
(this work) τ4=0.97

S(T-4)=0.04
DTet/cm-1= 3.8m (2.2)a

E/DTet= 0m (0.29)a

No maximum in χ׳׳ up to 
10kHz

Ʃ=130o

S(OC-6)=4.72
DOct/cm-1= 39.0m (47)a

E/DOct
 = 0.09m (0.09)a

[Co(bbp)2][Co(NCS)4]1

τ4=0.93
S(T-4)=0.05

DTet/cm-1= 0m (-1.3)a

E/DTet= 0m (0.2)a

No maximum in χ׳׳ up to 
1kHz

Ʃ=132o

S(OC-6)=4.6
Δax,Oct /cm-1= −1200GF[Co(mpyr-dtpy)2][Co(NCS)4]2

τ4=0.93
S(T-4)=0.26

DTet/cm-1= -3.1m

τ=125 μs at 1.8 K

Ʃ=106o

S(OC-6)=2.71
[Co(brphterpy)2]2+ cation 
exhibits the above room 
temperature SCO.

[Co(brphterpy)2][Co(NCS)4]3

τ4=0.94
S(T-4)=0.20

DTet/cm-1= 7.55 m

E/DTet= 0.01m

τ=12.4 ms at 1.8 K
Ueff=11.6 K

Ʃ=99.2o

S(OC-6)=2.9
[Co(BTP)2][Co(NCS)4]4

τ4=0.93
S(T-4)= 0.27

Compound is HS, 
analysis of DC magnetic 
data is not reported

AC data not reported

[Co((4-terpyridone)2][Co(NCS)4]5 Ʃ=65.4o

S(OC-6)=1.3
τ4=0.92
S(T-4)= 0.26

Compound is HS, 
analysis of DC magnetic 
data is not reported

AC data not reported

[Co(tppz)2][Co(NCS)4]6 Ʃ=96.2o

S(OC-6)= 2.31
[Co(tppz)2]2+ cation 
exhibits the above room 
temperature SCO. 

τ4=0.96
S(T-4)= 0.10

DTet/cm-1= 3.80m

E/DTet= 0

AC data not reported

[Co(tppz)2][Co(NCO)4]6 Ʃ=88.8o

S(OC-6)=2.21
[Co(tppz)2]2+ cation 
exhibits the above room 
temperature SCO. 

No maximum in χ׳׳ up to 
1kHz
Ueff=11.7 cm-1



τ4=0.95
S(T-4)=0.18

DTet/cm-1= 4.30m

E/DTet= 0

[Co(bdmpzpy)2][Co(N3)4]7 Ʃ=41o

S(OC-6)=0.4
τ4=0.95
S(T-4)=0.12

Magnetic investigation was not reported

[Co(bdmpzpy)2][Co(NCS)4]7 Ʃ=37o

S(OC-6)=0.8
τ4=0.95
S(T-4)=0.38 and 0.12

Magnetic investigation was not reported

bbp=2,6-bis(1H-benzoimidazol-2- yl)pyridine; mpyr-dtpy=4–(N–methyl–pyrrol–2–yl)–2,6–di(thiazol–2–yl)pyridine; 
brphterpy=4′-(4-(pyridin-4-yl)phenyl)-[2,2′:6′,2″]terpyridine; BTP=2,6-Bis(5,6-dialkyl-1,2,4-triazin-3-yl)-pyridine; 4-
terpyridone=2,6-bis(2-pyridyl)- 4(1H)-pyridone; tppz=2,3,5,6-tetrakis-(2-pyridyl)pyrazine; bdmpzpy=2,6-bis[(3,5-
dimethyl-pyrazol-1H-yl)-methyl]pyridine
mmagnetic data analysis of experimental data; aab initio calculations; GFparameters of Grifith-Figgis Hamiltonian

S2 Experimental section
S 2.1Materials and methods
Acetonitrile p.a., CoCl2, KNCO and Co(NCS)2 were purchased from Sigma-Aldrich or Mikrochem, 
s.r.o and used as received without any further purification. Elemental analysis of carbon, hydrogen and 
nitrogen was carried out by EA CHNS(O) Flash 1112 machine. FT-IR spectra of the reported 
compounds were measured on Nicolet 5700 spectrometer in the interval from 4000 to 400 cm-1 (ATR 
technique). The UV-VIS spectra were measured on Specord 200 spectrophotometer in the range of 
800–190 nm. The starting compound 2,6-bis(1H-benzimidazole-2-yl)pyridine for synthesis of L1-L3 
was prepared by condensation of o-phenylenediamine and pyridine-2,6-dicarboxylic acid following a 
documented protocol.8 The synthesis of ligands L2 (2,6-bis(1-octyl-1H-benzimidazol-2-yl)pyridine) 
and L3 (2,6-bis(1-dodecyl-1H-benzimidazol-2-yl)pyridine) was reported previous.9

S 2.2 Synthesis
Synthesis of 2,6-bis(1-hexyl-1H-benzimidazol-2-yl)-pyridine (L1)
The ligand L1 was synthesized using 2,6-bis(1H-benzimidazol-2-yl)pyridine as the starting 

reactant. The reaction was performed in a 50-ml round-bottom flask charged with 0.5 g (1.6 mmol, 1 
eq) of 2,6-bis(2-benzimidazolyl)pyridine dissolved in 10 ml of DMF. Then, 1.1 g (8.0 mmol, 5 eq) of 
K2CO3 was added to the solution, and the suspension was stirred for 2 hours at 70°C. Next, 0.66 ml 
(4.0 mmol, 2.5 eq) of 1-bromohexane was added dropwise over the stirring suspension. The reaction 
mixture was refluxed at 120 °C for 36 hours and then allowed to cool to room temperature. Finally, the 
solvent was removed by vacuum distillation, and the residue was treated with distilled water (50 ml) 
and extracted with CH2Cl2 (3 x 100 ml). The dichloromethane was removed using a rotary evaporator, 
and the oily residue was separated using column chromatography on silica gel with ethyl 
acetate/petroleum ether (4:1) as the eluent. The main product L1 was isolated as the fraction (Rf = 
0.55) in a yield of 73 % (0.56 g, 1.17 mmol) as an orange, sticky and oily liquid. Mr = 479.7. 1H NMR 
(700 MHz, d6-DMSO, 25 °C, δ/ppm): 8.30 (d, J = 7.9 Hz, 2H), 8.23 (d, J = 7.5 Hz, 1H), 7.76 (d, J = 
8.0 Hz, 2H), 7.70 (d, J = 8.1 Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H), 7.29 (t, J = 7.5 Hz, 2H), 4.73 (t, J = 7.2 
Hz, 4H), 1.64 (dd, J = 14.3, 7.2 Hz, 4H), 1.01 (dd, J = 13.8, 6.8 Hz, 4H), 0.96 – 0.84 (m, 8H), 0.51 (t, 
J = 6.8 Hz, 6H). 13C NMR (176 MHz, d6-DMSO, 25 °C, δ/ppm): 149.65, 149.60, 142.44, 138.80, 
136.06, 125.24, 123.29, 122.41, 119.72, 111.09, 44.11, 30.42, 29.43, 25.52, 21.81, 13.49.
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Figure S1 Synthesis of ligand L1.

Synthesis of complexes 1 [Co(L1)2][Co(NCO)4], 3 [Co(L2)2][Co(NCO)4] and 4 
[Co(L3)2][Co(NCO)4]‧2CH3CN



An aqueous solution (5 ml) of CoCl2 (65 mg, 0.5 mmol, 1 eq.) and KNCO (81 mg, 1.0 mmol, 2 eq.) 
was added into the acetonitrile solution (20 ml) of ligand L1 (239 mg, 0.5 mmol, 1 eq), L2 (268 mg, 
0.5 mmol, 1 eq) or L3 (324 mg, 0.5 mmol, 1 eq), respectively. The resulting mixture was refluxed at 
80oC for next 45 minutes, filtered and the solution was set for controlled crystallisation at room 
temperature. Green block crystals suitable for X-ray diffraction were collected after a few days.

Complex 1 [Co(L1)2][Co(NCO)4]: Yield 43% (274 mg, 0.22 mmol). Elemental analysis for 
C66H74Co2N14O4 (Mw = 1245.25 g mol-1) found % (expected %): C 62.83 (63.66); N 14.92 (14.75); H 
5.72 (5.99). FT−IR (ATR, ṽmax/cm−1): 2925, 2854 (m, ṽ (Cal-H)); 2194 (s, νas(C≡N)); 1591, 1566 (m, ν 
(Car-Car) and ν(Car-Nar)); 1483, 1459, 1433, 1330, 752 (s, ṽ (CH)); 613, 430. UV-VIS (acetonitrile, 
λ/nm): 313 (π→π*), 343 (n→π*).

Complex 3 [Co(L2)2][Co(NCO)4]: Yield 37% (258 mg, 0.19 mmol). Elemental analysis for 
C74H90Co2N14O4 (Mw = 1357.45g mol-1) found % (expected %): C 65.74 (65.47); N 13.76 (14.45); H 
6.27 (6.68). FT−IR (ATR, νmax/cm−1): 2925, 2851 (m, ν (Cal-H)); 2207 shoulder, 2188 (s, νas(C≡N)); 
1598, 1567 (m, ν(Car-Car) and ν(Car-Nar)); 1498, 1433, 1329, 743 (s, δ(CH)); 611, 427. UV-VIS 
(acetonitrile, λ/nm): 313 (π→π*), 343 (n→π*).

Complex 4 [Co(L3)2][Co(NCO)4]‧2CH3CN: Yield 39% (158 mg, 0.19 mmol). Elemental analysis 
for C94H128Co2N16O4 (Mw = 1663.99g mol-1) found % (expected %): C 68.67 (68.33); N 13.12 (12.40); 
H 8.09 (7.77). FT−IR (ATR, νmax/cm−1): 2922, 2851 (m, ν(Cal-H)); 2200shoulder, 2190 (s, νas(C≡N)); 
1597, 1569 (m, ν(Car-Car) and ν(Car-Nar)); 1480, 1435, 1328, 743 (s, δ(CH)); 612, 429. UV-VIS 
(acetonitrile, λ/nm): 313 (π→π*), 343 (n→π*).

Complex 2 [Co(L1)2][Co(NCS)4]‧0.5CH3CN
An acetonitrile solution (10 ml) of Co(NCS)2 (88 mg, 0.5 mmol, 1 eq.) was added into the 

acetonitrile solution (20 ml) of ligand L1 (239 mg, 0.5 mmol, 1 eq.). The mixture obtained was 
refluxed for 45 minutes, filtered, and the resulting solution was allowed to undergo controlled 
crystallization at room temperature. Green block crystals suitable for X-ray diffraction were collected 
after a few days. Yield 31% (558 mg, 0.21 mmol). Elemental analysis for C134H150.53Co4N29S8 
(Mw = 2659.57 g mol-1) found % (expected %): C 59.49 (60.53); N 14.39 (14.97); H 5.53 (5.70). 
FT−IR (ATR, intense peaks, ṽmax/cm−1): 2925, 2854 (m, ν(Cal-H)); 2099, 2063 (s, ν as(C≡N)); 1595, 
1567 (m,  ν(Car-Car) or ν (Car-Nar)); 1478, 1329, 751 (s, ν(CH)); 476, 423. UV-VIS (acetonitrile, λ/nm): 
313 (π→π*), 341 (n→π*).

S 2.3 Computational details
The fitting of the magnetic susceptibility and magnetization of all compounds was performed with 

the program PHI 3.1.311. Calculations of magnetic parameters were carried out within the program 
ORCA 4.2.0.14 The ZFS parameters and crystal-field terms energies were obtained using the state 
averaged complete active space self-consistent field method15 (SA-CAS[7,5]SCF) complemented by 
strongly-contracted N-electron valence perturbation theory of second-order (NEVPT2).16 In either case 
10 spin quartet states and 40 spin doublet reference states were taken into account. The resolution of 
identity for Coulomb interaction and the chain of spheres approximation for exchange integrals 
(RIJCOSX)17 were set on for the construction of Fock matrices while sole resolution of identity was 
used in the CASSCF and NEVPT2 calculations. For all atoms the Ahlrichs’ basis def2-TZVP18 was 
used with auxiliary basis sets def2/J19 and def2-TZVP/C20. Prior to this calculation, the positions of all 
hydrogen atoms were optimized on the model fragments using the method PBEh-3c21 and all other 
atoms were kept in their positions as obtained from the X-ray analysis. The ZFS parameters were 
calculated by quasi-degenerate perturbation theory (QDPT),22,23 in which an approximation to the 
Breit-Pauli form of the spin-orbit coupling operator (SOMF approximation)23 and the effective 
Hamiltonian theory were utilized.24 The predicted curves were constructed based on the detailed 
ORCA output using a home-made MATLAB code.25

S 2.4 Crystallography
Data collection and cell refinement of 3 and 4 were made using a Stoe StadiVari (Stoe & Cie 

GmbH, Darmstadt, Germany) diffractometer using a Pilatus3R 300K hybrid pixel array detector and 
microfocused X-ray source Xenocs Genix3D Cu HF (Cu Kα radiation). For compounds 1 and 2, data 



collection was done using an XtaLAB Synergy-I diffractometer with a HyPix3000 hybrid pixel array 
detector and microfocused PhotonJet-I X-ray source (Cu Kα). All crystal structures were solved using 
a ShelXT program26 and refined by the full matrix least-squares procedure using Olex2.refine and 
ShelXL27 in OLEX2 (version 1.5).28 The multi-scan absorption corrections were applied using the 
program Stoe LANA software29 or CrysAlisPro 1.171.40.82a.30 Crystal structure refinement: all non-
hydrogen atoms were refined anisotropically. The hydrogen atoms were placed at the calculated 
positions and they were included in the riding-model approximation with Uiso = 1.2Ueq(C) or 
1.5Ueq(CH3) and d(C–H) = 0.95–0.98 Å.



S2 Spectral characterization of prepared compounds

 (a) 

(b)

Figure S2 1H NMR and 13C NMR spectroscopy of ligand L1
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(d) Compound 4

Figure S3 X-ray powder diffractogram of 1-4. 
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Figure S4 FT-IR spectra of 1-4.
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Figure S5 UV-VIS spectra of 1-4 recorded in acetonitrile solution.



S3 Structural information
Table S2 Selected crystallographic information for reported complexes 1-4.

1 2 3 4
Formula C66H74Co2N14O4 C134H150.53Co4N29S8 C74H90Co2N14O4 C94H128Co2N16O4

Mw / g mol-1 1245.25 1329.78 1357.45 1663.98
T / K 293(1) 100(1) 293(1) 100(1)
λ / Å 1.54184 1.54184 1.54186 1.54186
Crystal system triclinic triclinic triclinic monoclinic
Space group P-1 P-1 P-1 P21/c
a/Å 15.6926(7) 13.85829(6) 15.3479(4) 19.8535(6) 
b/Å 15.7264(6) 16.47082(7) 17.0718(5) 27.2121(5) 
c/Å 16.0729(8) 31.54082(12) 17.0508(5) 18.7151(4) 
α/° 109.687(4) 78.9901(4) 64.451(2) 90 
β/° 90.185(4) 80.0612(3) 89.478(2) 113.315(3) 
γ/° 117.019(4) 69.1223(4) 67.694(2) 90 
Volume/Å3 3268.9(3) 6559.89(5) 3664.61(19) 9285.3(4) 
Z; ρcalc/g·cm-3 2; 1.265 2; 1.346 2; 1.230 4; 1.190
μ/mm-1 4.431 5.565 3.992 3.245 
F(000) 1308.0 2787.0 1436 3560.0 
Final Rindices [I> 
2σ(I)]a

R1 = 0.0629, 
wR2 = 0.1822 

R1 = 0.0396, wR2 
= 0.1086 

R1 = 0.0636, 
wR2 = 0.1480 

R1 = 0.1086, wR2 
= 0.2926

R indices (all data)a R1 = 0.0849, 
wR2 = 0.2009 

R1 = 0.0417, wR2 
= 0.1097 

R1 = 0.1071, 
wR2 = 0.1761 

R1 = 0.1267, wR2 
= 0.3057

GoF on F2 1.074 1.087 1.067 1.052
CCDC no. 2352529 2352530 2352531 2352532

       2 22 2 2
0 0 0 01 / ; 2 [ ] / [ ]a

C CR F F F wR w F F w F      

Table S3 Bond distances of coordination polyhedra in reported compounds
[Co(L1)2]2+ of 1 [Co(L1)2]2+ of 2 [Co(L2)2]2+ of 3 [Co(L3)2]2+ of 4

Co1A Co1B
Co1-N1 / Å 2.111(2) 2.1281(15) 2.106(2) 2.125(3) 2.119(5)
Co1-N2 / Å 2.109(3) 2.0829(15) 2.137(2) 2.100(3) 2.094(5)
Co1-N3 / Å 2.120(3) 2.1014(15) 2.116(1) 2.109(3) 2.138(5)
Co1-N4 / Å 2.124(3) 2.1155(15) 2.160(2) 2.126(3) 2.106(4)
Co1-N5 / Å 2.108(2) 2.0870(15) 2.113(1) 2.099(3) 2.087(5)
Co1-N6 / Å 2.160(3) 2.1116(15) 2.156(2) 2.139(3) 2.113(5)

[Co(NCO)4]2- of 1 [Co(NCS)4]2- of 2 [Co(NCO)4]2- of 3 [Co(NCO)4]2- of 4
Co1A Co1B

Co2-N7 / Å 1.942(4) 1.9753(18) 1.946(2) 1.970(4) 1.950(7)
Co2-N8 / Å 1.961(6) 1.9549(18) 1.965(2) 1.944(4) 1.977(7)
Co2-N9 / Å 1.942(4) 1.9585(18) 1.964(2) 1.937(4) 1.977(6)
Co2-N10 / Å 1.967(5) 1.9587(18) 1.957(2) 1.966(6) 1.954(6)



Table S4 Angles of coordination polyhedra and miscellaneous structural parameters of coordination polyhedra 
calculated for the reported compounds.

a Results of the SHAPE calculations for hexacoordinated polyhedra of hexagon (HP), pentagonal pyramid (PPY), 
octahedron (OC), trigonal prism (TPR), Johnson pentagonal pyramid (JPPY)
b Symmetry measure parameters for square (SP-4), tetrahedron (T-4), seesaw (SS-4), vacant trigonal bipyramid 
(vTBPY-4)

[Co(L1)2]2+ of 2/°angles
[Co(L1)2]2+ of 1/°

Co1A Co1B
[Co(L2)2]2+ of 3/° [Co(L3)2]2+ of 4/°

N2-Co1-N4 114.07(10) 100.09(6) 106.72(6) 112.47(12) 104.98(17)
N2-Co1-N6 95.04(10) 107.91(6) 103.90(6) 96.13(12) 102.99(18)
N2-Co1-N1 75.31(10) 76.03(6) 75.23(6) 75.66(12) 76.03(18)
N2-Co1-N3 75.92(10) 76.21(6) 75.60(6) 75.74(11) 76.26(18)
N1-Co1-N4 87.99(10) 88.91(6) 88.37(6) 95.67(12) 90.09(18)
N3-Co1-N4 95.87(11) 99.10(6) 100.02(6) 91.10(11) 96.35(18)
N1-Co1-N6 100.23(10) 98.48(6) 93.87(6) 89.05(13) 92.75(19)
N3-Co1-N6 90.79(11) 86.95(6) 93.03(6) 98.36(12) 94.11(19)
N5-Co1-N1 112.11(10) 97.92(6) 110.31(6) 100.15(12) 107.57(18)
N5-Co1-N3 97.66(10) 109.98(6) 98.85(6) 108.79(11) 100.15(19)
N5-Co1-N4 75.27(10) 76.32(6) 75.69(6) 75.52(12) 75.94(17)
N5-Co1-N6 75.77(10) 75.91(6) 74.39(6) 75.80(12) 76.40(17)
Σ / o 136 133 137 131 124
HP-6a 31.598 31.475      32.209      32.361     33.907      
PPY-6a 17.191  19.140       18.719       18.823       20.133       
OC-6a 4.940       4.253     4.747       4.460     4.005     
TPR-6a 9.013    10.543    9.932     10.255      10.643    
JPPY-6a 20.697 22.812 22.612 22.432 24.036

[Co(NCS)4]2– of 2/°[Co(NCO)4]2–of 1/°
Co2A Co2B

[Co(NCO)4]2–of 3/° [Co(NCO)4]2– of 4/°

N8-Co2-N7 110.2(3) 113.05(7) 105.10(8) 105.36(17) 110.3(3)
N8-Co2-N10 109.7(2) 113.98(8) 105.86(8) 110.9(2) 111.2(3)
N9-Co2-N7 112.8(2) 109.27(7) 105.77(8) 110.45(17) 111.4(2)
N9-Co2-N8 107.8(2) 110.25(7) 113.45(8) 112.96(19) 106.9(3)
N9-Co2-N10 107.55(18) 107.03(7) 106.40(8) 109.4(2) 109.4(2)
N10-Co2-N7 108.8(2) 102.86(8) 120.55(8) 107.53(19) 107.7(3)
τ4 0.97 0.94 0.89 0.97 0.97
SP-4b 32.10 31.56 27.34 32.30  31.86
T-4b 0.03      0.16 0.47  0.06  0.04
SS-4b 9.05    8.61 6.72 9.02 9.17
vTBPY-4b 3.42 3.15 3.54 3.09 3.55



S4 Static Magnetic Properties
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Figure S6 Geometries of model systems I-IV which were constructed by cutting the pendant aliphatic chains 
from moieties with octahedrally coordinated Co(II) centres (left part of each picture, called Ioct-IVoct in the text).
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Figure S7 Energy of lowest spin-quartet eigenvalues from ab-initio calculations for model systems Ioct-IVoct.



Figure S8 Dimer of octahedral sites in III investigated for assessment of exchange interaction.

Table S5 Broken-Symmetry DFT assessment of magnetic exchange interaction in dimer of octahedral sites in 
III.

PBE0 / def2-TZVP B3LYP / def2-TZVP
J /cm-1 −0.86 −0.12

S5 FIRMS
Fourier-transform infrared magnetic spectroscopy (FIRMS) was carried out at the National Laboratory for 

Intense Magnetic Fields (LNCMI) of the French National Center for Scientific Research (CNRS) to determine 
the magneto-optical response of the studied compounds in the THz range and a direct observation of the ZFS 
parameters. The experiments were conducted in transmission mode using a Bruker Vertex 80v Fourier-transform 
spectrometer coupled with a 16 T superconducting magnet in a Faraday configuration, i.e., with unpolarized light 
and the magnetic field parallel to the wave vector of the probing radiation. We used a globar as radiation source 
that was delivered through light-pipe optics to the pellet-pressed samples situated inside the superconducting 
coil, maintained in helium heat-exchange gas at T = 4.2 K. After passing through the pellet, the radiation was 
detected using a composite silicon bolometer (Infrared Laboratories, Tuscon, USA) placed just below it. The 
pellets were prepared by combining the compounds with 90% n-eicosane, ensuring transparency in the spectral 
range of our interest. 

The FIRMS transmission spectra were measured from 0 to 1000 cm-1 with 2 cm-1 resolution and normalized 
by the average of all spectra to remove field-independent features, enabling identification of magnetic 
absorptions. When indicated in the text, the colormaps are made from the derivative of the resulting spectra to 
aid the identification of the field-dependent signals (magnetic absorptions). For most samples, the sensitivity of 
our experiments is sufficient for observation of at least one feature that shifts with the applied magnetic field, 
allowing extrapolation of the magnetic absorption signals at zero magnetic field. Since the experiments were 
performed with polycrystalline (finely ground powder) samples prepared as diluted pellets with n-eicosane, 
relatively broad spectra lack details beyond the signal-to-noise ratio (SNR) due to the available power from our 
light source. Therefore, a precise fitting allowing determination of the g matrix and rhombicity (E/D) is not 
straightforward (or even possible). As a workaround, we used these parameters from other methods such as ab 
initio calculations to aid the simulation and quantification of the ZFS parameters |D|. 

The simulations shown on the top of the FIRMS data were performed using EasySpin26 and the vibronic 
coupling model described in reference27 using MATLAB.25 

S6 Dynamic magnetic investigation
The magnetic data induced by the oscillating; AC magnetic field were obtained at an amplitude of BAC = 0.5 

mT. In order to determine the optimum DC field for suppressing the quantum tunnelling of magnetization, AC 
susceptibility measurements under various DC fields were applied at 2 K. Collected sets of χ׳ and χ″ at each 
temperature were fitted using the formulas for extended one-set Debye model (equations S1, S2) or extended 
two-set Debye model (equations S3, S4). 
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Figure S9 AC susceptibility data for 1 recorded at 2 K and at various static magnetic fields: Frequency 
dependent in-phase χ’(a) and out-of-phase χ’’(b) component of AC susceptibility. 
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Figure S10 AC susceptibility data for 2 recorded at various static magnetic fields at T = 2.0 K: Frequency 
dependent in-phase χ’(a) and out-of-phase χ’’(b) component of AC susceptibility and Cole-Cole diagram (c) 
(solid lines are results of fits according to equations S1 and S2). 

Table S6 Parameters of the extended one-set Debye model (eq. S1 and S2) for 2 measured from 0 T to 0.9 T at T 
= 2.0 K.

B / T χT /10-6 

cm3 mol-1
χS /10-6

cm3 mol-1 α τ /s R2

0.05 26.57(7) 5.3(4) 0.08(1) 2.90(9)×10-5 0.9993

0.1 29.51(9) 2.5(3) 0.069(9) 5.44(9))×10-5 0.99909

0.15 28.20(6) 1.2(2) 0.113(6) 6.36(7)×10-5 0.99963

0.2 25.29(7) 1.2(2) 0.139(7) 7.7(1)×10-5 0.99937

0.3 20.38(7) 1.3(2) 0.237(9) 9.4(2)×10-5 0.99913

0.5 12.85(8) 0(0) 0.428(9) 5.2(2)×10-5 0.998

0.7 8.12(6) 0(0) 0.42(1) 1.66(7)×10-5 0.99756

0.9 5.77(8) 0(0) 0.50(4) 5.1(7)×10-6 0.99335
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Figure S11 AC susceptibility data for 2 recorded in temperature range 2-5.5 K: Frequency dependent in-phase 
χ’(a) and out-of-phase χ’’(b) component of AC susceptibility and Cole-Cole diagram (c) (solid lines are results 
of fits according to equations S1 and S2). Temperature dependence of the relaxation time (d).

Table S7 Parameters of the extended one-set Debye model (eq. S1 and S2) for 2 measured at 0.3 T.
T /K χT /10-6 cm3 mol-1 χS /10-6 cm3 mol-1 α τ / s R2

2.0 21.84(6) 2.0(1) 0.206(7) 9.2(2)×10-5 0.99951

2.25 21.35(4) 3.2(2) 0.198(7) 5.7(1)×10-5 0.99967

2.5 20.78(3) 4.4(2) 0.187(6) 4.31(7)×10-5 0.99981

2.75 20.03(2) 5.4(2) 0.161(5) 3.60(5)×10-5 0.999

3.0 19.28(2) 6.0(1) 0.139(6) 3.09(5)×10-5 0.999

3.25 18.44(2) 6.3(1) 0.108(5) 2.65(4)×10-5 0.99994

3.5 17.55(4) 6.5(3) 0.08(2) 2.24(9)×10-5 0.99956

3.75 16.84(2) 6.3(2) 0.076(8) 1.83(4)×10-5 0.99991

4.0 16.06(1) 6.3(2) 0.060(8) 1.54(4)×10-5 0.99993

4.25 15.34(1) 6.1(2) 0.050(9) 1.29(5)×10-5 0.99992

4.5 14.64(2) 6.2(5) 0.03(2) 1.12(9)×10-5 0.99978

4.75 13.98(2) 6.3(6) 0.01(2) 1.0(1)×10-5 0.99973

5.0 13.41(3) 6.2(8) 0.01(3) 0.9(1)×10-5 0.99968

5.25 12.86(2) 6.2(9) 0.00(3) 0.8(1)×10-5 0.99968

5.5 12.37(2) 6.0(6) 0(0) 0.68(7)×10-5 0.99962

Table S8 Relaxation parameters at BDC = 0.3 T for compound 2 using the respective combinations of Orbach. 
Raman and Direct processes of relaxation

Model Ueff/kB / K τ0/s C / K-n s-1;
n

ABm / K-1 s-1 R2

Orbach for 4.5 - 5.5 K 12.4(4) 7.2(6)×10-7 - -    0.99521
Orbach&Raman* 6.8(3) 3.0(3)×10-6 0.013(2);

9
- 0.99343

Orbach&Raman 42(97) 1(8)×10-7 2325(306);
2.4(1)

- 0.99437

Orbach&direct 13(1) 9(2)×10-7 5301(657) 0.99033
Raman&direct - - 2215(140);

2.45(5)
1(127)×10-9 0.99044

Orbach&Raman&direct* 8(1) 2.4(6)×10-6 1.0(0.3)×10-2;
9

2800(1503) 0.99377



Orbach&Raman&direct 14(3) 1.0(7)×10-6 3746(3817);
2(2)

5.5×10-9 0.99044

Orbach&direct&phonons* 10.3(9) 1.6(3)×10-6 - 4116(815) 0.9939
*Raman exponent has been fixed to n=9
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Figure S12 AC susceptibility measurement for 3 recorded at 2 K and at various DC magnetic fields: Frequency 
dependent in-phase χ’(a) and out-of-phase χ’’(b) component of AC susceptibility and Cole-Cole diagram (c) 
(solid lines are results of fits according to equations S3 and S4). 

Table S9 Parameters of the extended two-set Debye model (eq. S3 and S4) for 3 measured from 0.05 T to 0.9 T 
at T = 2.0 K. The parameters of the subtle low-frequency relaxation channel were disregarded.

B / T χT /10-6 

cm3 mol-1
χS /10-6

cm3 mol-1 α τ /s R2

0.05 19.31(3) 10(2) 0.09(4) 5(1)×10-6 0.99985

0.1 18.96(7) 4(1) 0.10(2) 7.1(9)×10-5 0.99984

0.15 18.30(8) 2.4(6) 0.12(1) 8.4(6)×10-6 0.99963

0.2 17.4(1) 1.4(6) 0.16(1) 9.2(6)×10-6 0.99989

0.3 15.4(3) 1.1(6) 0.19(2) 1.06(8)×10-5 0.99987

0.5 - 0(0) 0.25(3) 9(2)×10-6 0.99976

0.7 11(2) 0(0) 0.35(1) 5(2)×10-6 0.99964

0.9 9(3) 0(0) 0.37(4) 5.1(7)×10-6 0.99947



a)
10 100 1000 10000

0

2

4

6

8

10

12

14
'

 / 
10

-6
 m

3  m
ol

-1

f / Hz

 0     T
 0.05
 0.1
 0.15
 0.2
 0.3
 0.5
 0.7
 0.9

b)
10 100 1000 10000

0

1

2

3

4

5

'
'/ 

10
-6
 m

3  m
ol

-1

f / Hz

 0   T
 0.05
 0.1
 0.15
 0.2
 0.3
 0.5
 0.7
 0.9

Figure S13 AC susceptibility data for 4 recorded at 2 K and at various static magnetic fields: Frequency 
dependent in-phase χ’(a) and out-of-phase χ’’(b) component of AC susceptibility. 
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