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S1 Synthesis and Spectral Characterization of Reported
Compounds

Experimental section

Materials and methods

3,5-di-tert-butylbenzyl bromide, CoCl,.6H,0, CoBr,.6H,0, KNCS, ethanol, acetonitrile and diethyl
ether were used as received without any further purification. Dimethylsulfoxide (DMSO) solvent has
been dried over CaH, a distilled prior to use. The starting material 2,6-bis(1H-benzimidazol-2-
yl)pyridine was prepared by published methods.!® IR spectra were measured by the ATR technique or
in KBr pellets in 4000 — 400 cm™! region (Magna FTIR 750. Nicolet). Electronic spectra were recorded
in the acetonitrile solutions at the concentration ~10-* mol dm= on Specord 250 plus Analytical Jena in
the range of 800 — 200 nm. Elemental analysis of carbon, hydrogen and nitrogen was carried out by an
automated analyser (Vario Micro Cube). The microcrystalline solid of complexes 1-4 were measured
by Philips PW 1730/1050 (Bragg — Brentano geometry, Co-Ka radiation, 40kV/35mA, range of 2® 3-
52°, step 0.02°) diffractometer .

Synthesis of 2,6-Bis(1-(3,5-di-tert-butylbenzyl)-1H-benzimidazol-2-yl)pyridine (L)

The preparation of ligand is visualised on Scheme 1. 50 mL two-necked round-bottom flask was
charged with 2,6-bis(benzimidazol-2-yl)pyridine (1.0 g, 3.21 mmol, leq) and dissolved in 10 mL
DMSO. The crushed KOH (1.08 g, 19.2 mmol, 6eq) was added into the solution and suspension was
stirred for 1 hour at room temperature under nitrogen atmosphere. 3,5-di-fert-butyl-benzyl bromide
(1.84g, 6.4 mmol, 2eq) was dissolved in 2 mL anhydrous DMSO and added over the stirring of
suspension. The reaction mixture was stirred at 60°C for 20 hours and cooled down to room
temperature, DMSO solvent was removed by vacuum distillation, the residue was treated with distilled
water (50 mL) and extracted with CHCl; (3 x 200 mL). The chloroform was removed using a rotary
evaporator and the oily residue was column chromatographed on silica gel with CHCls/ethyl acetate
(4:1) as an eluent. The main product L was isolated as first fraction (R¢= 0.31) in 61% yield (1.40 g,
1.96 mmol) as white powder. The side-product of this reaction, 2-(6-(1H-benzimidazol-2-yl)pyridin-2-
y1)-1-(3,5-di-tert-butylbenzyl)-1 H-benzimidazole, was collected as the second and more polar fraction
(R¢=10.12) in 15% yield (0.25 g, 0.49 mmol) as white powder.

Disubstituted product L: "TH NMR (400 MHz, d®-DMSO, 25 °C, é/ppm): 8.37 (d, J = 7.64 Hz, 2H),
8.25 (dd, J=8.49, 7.26 Hz, 1H), 7.78 (dd, J=9.29, 4.84 Hz, 4H), 7.67 (dd, J=7.13 Hz, 1.23 Hz, 4H),
7.32 (pd, J=7.20, 1.27 , 4H), 7.14 (t, J=1.60 Hz, 2H), 6.74 (d, J= 1.64, 4H), 5.75 (s, 4H), 0.99 (s, 36H).
3BC NMR (125 MHz, d6-DMSO, 25 °C, 8/ppm): 150.4 (C14), 149.6 (C3), 149.3 (C4), 142.3 (C9),
138.8 (C1), 136.5 (C10), 136.4 (C12), 125.3 (C2), 123.4 (C8), 122.6 (C7), 120.8 (C15), 120.3 (C13),
119.6 (C6), 111.3 (C9), 47.5 (C11), 34.2 (C16), 30.9 (C17). Elemental analysis for C4Hs;N5 (M,, =
716.01 g mol') found % (expected %): C 81.56 (82.19); N 8.86 (9.78); H 7.6 (8.02).FT-IR (ATR,
Vmax/cm™1): 3055 (w, C-H,,); 2954, 2904, 2865 (w, C-H,); 1597, 1572 (m, C-C,; a C,-N); UV - VIS
(acetonitrile, A/nm, 2.10~° mol.L-"): 218 (m — nn*), 327 (n — *).

Monosubstituted side-product L1: '"H NMR (300 MHz, d>-DMSO, 25 °C, &/ppm): 12.88 (s, 1H), 8.45
(dd, J=17.7, 0.8 Hz, 1H), 8.37 — 8.11 (m, 2H), 8.05 (d, J = 8.1 Hz, 1H), 7.81 (dd, J = 12.2, 7.7 Hz,
2H), 7.66 (d, J= 7.4 Hz, 1H), 7.44 (t,J= 7.2 Hz, 1H), 7.39-7.26 (m, 3H), 7.11 (s, 1H), 6.88 (d, /= 1.6
Hz, 2H), 6.35 (s, 2H), 0.98 (s, 18H). 3C NMR (75 MHz, d%-DMSO, 25 °C, &/ppm): 150.30(C,),
150.16(Cy), 150.02(C,), 149.25(C,), 148.03(C,), 143.86(C,), 142.17(C,), 138.73(CH), 136.95(C,),
136.75(Cy), 134.99(C,), 125.20(CH), 123.59(CH), 123.50(CH), 122.66(CH), 122.19(CH),
121.97(CH), 121.25(CH), 120.70(CH), 119.76(CH), 119.49(CH), 112.20(CH), 111.33(CH), 48.24
(CH,), 34.14(C,), 30.85(CH;). Elemental analysis for C;H3sNs (M,, = 513.68 g mol') found %
(expected %): C 77.35 (79.50); N 13.63 (17.53); H 3.99 (6.87).FT—IR (ATR, ¥V /cm™): 3370 (w, N-
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H); 3054 (w, C-H,);2953, 2904, 2864 (w, C-Huy); 1596, 1572 (m, C-C, a C,-N). UV - VIS
(acetonitrile, A/nm, 2.10”° mol-L): 222 (& — ©*), 327 (n — 7*).
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Scheme 1 Preparation of ligands L and L1

L1
tBu
tBu

Preparation of Co(Il) complexes

Complex 1 [Co(LYNES),]

Ligand L (50 mg, 0.069 mmol, 1.0 eq) was dissolved in 20 mL acetonitrile and heated at 82°C for 30
minutes. Solution of cobalt(Il) isothiocyanate was prepared in situ by mixing of cobalt(Il) chloride
hexahydrate (18.3 mg, 0.077 mmol, 1.1 eq) and potassium thiocyanate (0.015mg, 0.154 mmol, 2.2 eq)
in 4 mL ethanol. Suspension was filtered in order to remove the potassium chloride and mother liquor
was added to the ligand solution and refluxed 48 hours. Green precipitation of 1 in the
microcrystalline form was filtered off and mother liquor was submitted for the slow evaporation at RT
which allowed to obtain the single-crystals within few days. Elemental analysis for Cs;Hs,CoN-S,
(M,, = 891.10 g mol!) found % (expected %): C 68.01 (68.74); N 10.09 (11.00); H 5.95 (6.45) S 6.99
(7.20). FT-IR (ATR, ¥,,/cm™): 3060 (w, C-H,,), 2962 (w, C-Hgji¢), 2864 (w, C-Hyyp), 2070, 2052 (s,
N=C=S), 1600,1504 (m, C-C, a C,-N). UV - VIS (acetonitrile, A/nm, 2.10°> mol-L!): 317 (1 — 7*),
345 (n — w*).

Complexes 2 [Co(L)CLy] 4nq 3 [Co(L)Br]

Cobalt(Il) chloride hexahydrate (33.2 mg, 0.154 mmol, 1.1 eq) or cobalt(Il) bromide hexahydrate
(49.6 mg, 0.152 mmol, 1.1 eq) was added into the acetonitrile solution (30 mL) of ligand L (100 mg,
0.138 mmol, leq). Reaction mixture was refluxed for 48 hours, the green precipitation of
microcrystalline form of 2 or 3 was filtered of and mother liquor was submitted for the slow
crystallization at RT which allowed to obtain the single-crystals within few days. Complexes 2:
Elemental analysis for C4Hs;Cl,CoNs (M,,= 845.85 g mol') found % (expected %): C 68.07 (69.79);
N 8.07 (8.28); H 6.92 (6.79). FT-IR (ATR, V. /cm™!): 3062 (w, C-H,,), 2955, 2904, 2866 (w, C-
H.iir), 1599, 1568, 1514 (m, C-C,; a C,~N). UV — VIS (acetonitrile, A/nm, 1.10° mol-L!): 313 (n —
n*), 338 (n — ©n*). Complexes 3: Elemental analysis for C4Hs;Br,CoNs (M, = 934.75 g mol!) found
% (expected %): C 62.17 (62.96); N 7.49 (7.46); H 6.40 (6.15). FT-IR (ATR, V., /cm™): 3048 (w, C-
H.,), 2958, 2900, 2866 (w, C-Hyy;e), 1599,1566, 1514 (m, C-C,.a C,-N). UV — VIS (acetonitrile, A/nm,
1.10° mol-L-): 313 (m — 7*), 348 (n — w*).

Complex 4 [CO();]Br; 2CH;0H.H,0

Cobalt(Il) bromide hexahydrate (15.5 mg, 0.065 mmol, 1 eq) was added into the methanol solution (30
mL) of ligand L (100 mg, 0.138 mmol, 2.12 eq). Reaction mixture was refluxed for 48 hours, the
yellow solution was filtered and retained for the slow crystallization at room temperature. The
yellowish single-crystals suitable for the X-ray diffraction analysis were collected after several days.
Elemental analysis for C,oH;,4Br,CoN,,0; (M,, = 1732.83 g mol-") found % (expected %): C 69.02
(69.31); N 7.96 (8.08); H 7.11 (7.21). FT-IR (ATR, V. /cm™): 3066 (w, C-H,,), 2952, 2899, 2864
(w, C-Hgip), 1598,1567 (m, C-C,, a C,-N). UV — VIS (acetonitrile, A/nm, 1.10- mol-L!): 315 (1 —
7*), 338 (n — w*).



Crystallography

Data collection and cell refinement of 1-4 were made by Stoe StadiVari diffractometer at 100 K using
Pilatus3R 300K HPAD detector and microfocused source Xenocs Genix3D Cu HF (Cu Ka radiation A
= 1.54186 A). The diffraction intensities were corrected for Lorentz and polarization factors. The
structures were solved using SUPERFLIP! or SHELXT? program- and refined by full-matrix least-
squares procedure with SHELXL (version 2018/3).> The multi-scan absorption corrections were
applied using Stoe LANA software.* Geometrical analyses were performed with SHELXL. The
structures were drawn with MERCURY .*

Magnetic measurements

Herein reported magnetic investigation have been carried out on MPMS XL-7 SQUID or MPMS XL-5
SQUID magnetometer (Quantum design Inc., San Diego, CA, USA). The gelatine capsules were used
as sample holders and their small diamagnetic contribution is negligible in the overall magnetization,
which was dominated by the sample. In the case of magnetic experiments at static magnetic field
(DC), the temperature-dependency was recorded in the thermal range 1.9 — 300 K at B = 0.1 T using
the 1 K/min sweeping rate, and field-dependency was measured at isothermal conditions in the range
B =0 -7 T. Collected data were corrected for the diamagnetism using the Pascal constants® and
transformed into the . vs T and My, vs B dependencies. The experimental details about the magnetic
experiments at AC magnetic field are given in the S4 section (vide infra).

gecG0113 TARANL ZRATTRR 2 frugnapbse  wigdes -5000
BZIMPY3 PP EEEE IRy Geegeri i fodgqpds) TR d5e
Day_H1_int_MED DMSO /x/ava00pas/data/ed_p/nmr a.enritiez clorera 2y Y I = 1| T

-4500
-4000
i Er .‘r i b, 3500
3000
-2500
-2000
1500

-1000

-500

ed o Aol W i

il [

{
~N

N milw + b M

T T T T . T T T : T T T T r T T T T r T T T T r T T
12,5 115 10.5 95 90 85 80 725 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm) a




70
65
H60

55

=50

45

40

35

30
25
20
15
F10

—a L

501"

¥z

OF'E

e

A58

salitros2689k 1S
salitros 268915

Ty O

L

w L4

13

14

b)

+5000

4500

4000

+3500

3000

2500

2000

1500

~1000

-500

9
A

[AYA
n-nw
FA¥A
164
Mm,h/
EEL

SEL~
seL~

NE%
RE\

gL

6914
[
e

@
184N

o
==
~E

E8L

15400pasfdatafeq _p/nmr a.enriquez_cabi

oo
DN AN
e o8 of e

2
o
éD DM,

p
b

Day_H1_in

BZIMPY3

aecG0113

8.3 8.2 8.1 8.0 7.9 7.8 77 7.6 7.5 74 23 72 7.1 7.0 6.9 6.8 6.7
f1 (ppm)

8.4

8.5

9




salitros2689he 18- S14 2l

b e G 15

T S T e e

/185

=T

711

6.89
6.88

=3

"y,

102 —
1.17 =
102 —
101 —

1.05 —

3.2 —

101 —

205

6.36

L
8

=70

-65

-30

-25

-20

-15

-10

5

-0

T T T T

87 86 B85 84

d)

T T
81 80 7

o
%)

8.2

.9

74

T T
73
1 (ppm

72 71

T
70 69

68 67 66 65 64 63 62 61

T T
60 59 58

Figure S1.1 '"H NMR spectrum of ligand L (a) and L1 (b) and zoomed aromatic region of ligand L (¢)
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Figure S1.2 3C NMR (a) and APT (b) spectra of ligand L. 3C NMR (c¢) and APT (d) spectra of
ligand L1.
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Figure S1.4 UV—VIS acetonitrile solution spectra of ligands L and L1 (/ef#) and compounds 1 — 4
(right).
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Figure S1.5 X-ray powder diffractograms of 1(a), 2(b) and 3(c). The red and blue lines present
experimental and simulated diffractions, respectively. The black lines present subtracted differences
between the measured and simulated spectra. Diffractions of 4 (d, red line) are compared with Zn(II)
hexacoordinated analogue ([Zn(L),](Br),) and subtraction of both spectra (black line in the bottom part
of graph) indicates different symmetries of both complexes.
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S2 Structural Information

Table S2.1 Results of the SHAPE calculations for coordination polyhedra 1-3. PP (Ds,) — pentagon;
vOC (Cy4y) vacant octahedron; TBPY (Dj;) trigonal bipyramid; SPY (Cyy)
(D3p,) Johnson trigonal bipyramid

1 2 3
PP (Dsp) 31.714 | 33.859 | 36.077
vOC (Cy4y) 2.134 8.040 8.289
TBPY (D3y) 5.502 1.988 2.520
SPY (C4) 1.366 4.869 4.871
JTBPY (Dsp) 7.864 6.195 7.401
Ts 0.30 0.5 0.41
6
— ideal path of Berry pseduorotation
® TPBY vs SPY
5 € TPBY vs SPY
* B TPBYvs SPY

Figure S2.1 Shape map of coordination polyhedra in 1-3. Solid line represents Berry pseudorotation
from between square pyramidal (SPY-5) and trigonal bipyramidal (TBPY-5) geometry.

S(SPY)

S(TPBY)

spherical square pyramid; JTBPY
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mean: 24 atoms

Axial angles: N7-Col-N1=97.93(8)° N7-Col-N3=89.36(8)°; N7-Col-N4=102.76(8)°; N7-Col-N6=
109.86(9)°. Equatorial angles: N3-Co1-N4=74.73(7)°; N4-Co1-N6=100.97(8)°; N6-Co1-N1=100.55(8)°;
N1-Co1-N3=74.96(7)°, N4-Col-N1=142.80(8); N3-Co1-N6=160.76(8)°.

b)

115.09

mean: 24 atoms cn

Axial angle: N1-Co1-N4=151.33(8)°.
Equatorial angles: Cl11-Co1-Cl12=123.47(3)°; C12-Co1-N3=116.55(6)°; N3-Co1-Cl1=119.96(6)°.
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Br1

mean: 24 atoms

Axial angle: N1-Co1-N4=152.0(1)°.
Equatorial angles: Br1-Co1-Br2=127.47(3)°; Br2-Co1-N3=110.77(8)°; N3-Col-Br1=121.71(8)°.

Figure S2.2 Visualization of the Co(Il) central atom position with respect to the plane of aromatic
chelating ligand L (left) and with respect to equatorial or square planar planes in the complex 1 (a), 2
(b) and 3 (c¢).

a)
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Figure S2.3 Schematic representation of the angular metric parameter. a) a — bite angle (average value
of four Nj,,-Co-N,y); ¢ — trans angle N,,-Co-N,,; ¢- clamp angle (average value of two N,-Fe-N,,,) b)
6 - dihedral angle between the least squares planes of the two bpp moieties coordinating the same
metal center’ ¢) Distortion parameters X; ¢; is one of 12 octahedron cis angles utilized in calculation
of X parameter.?

i

Figure S2.4 Visualization of non-covalent supramolecular interactions in the crystal structure of 1 (a),
2 (b) and 3 (¢).
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S3 Computational detials
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Figure S3.1 The graphical output of the CASSCF/NEVPT2 calculations with CAS(7,5) for the model
compound [CoCls]* with ideal geometries defined by program SHAPE, where SPY is square pyramid,
TBPY is trigonal bipyramid and vOC is vacant octahedron. Plot of the d-orbitals splitting calculated
by ab initio ligand field theory (AILFT) (left), low-lying ligand-field terms (middle), and ligand-field
multiplets — Kramers doublets (right). The doublet and quartet spin states are shown in red and green,
respectively.
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Figure S3.2 Representation of the molecular fragments of 1-4 derived from the experimental X-ray
geometry used for CASSCF/NEVPT2’s calculation with CAS(7,5), also showing the principal axes of
the D-tensor with the arrows (x-axis is red, y-axis is green, and z-axis is blue).

Table S3.1 Individual contributions to D-tensor obtained from the calculation based on
CASSCF/NEVPT2 with CAS(7,5) for the mononuclear molecular fragments of 1-4.
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S4 AC Susceptibility Measurements

The mapping of the magnetic susceptibility components as functions of the applied external DC field
for a set of four frequencies of the AC field at 7= 2.0 K is shown in Figure S4.1.

Compound 1

Compound 2

Compound 3
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Figure S4.1 DC field dependence for a set of fixed frequencies at 2 K. Solid lines are only guides for

the eyes.

Parameters of AC susceptibility magnetic measurements of 1-4 are listed inTable S4.1. In-phase (y’)
and out-of-phase (y’”) components of AC susceptibility have been recorded at the given temperatures
upon the oscillating magnetic field of different frequency.

Table S4.1 Conditions of AC magnetic experiments for compounds 1-4.

Bpc/ T | Boc/ mT | Temperature range | Frequency range

1 | 0.150 3.8 1.8-49K (33 steps) |1 Hz -1488.1 Hz (20
steps)

2 |0.150 3.5 2.0-3.6 K (9 steps) 1 Hz -1512 Hz (32 steps)

3 | 0.050 3.8 1.9-2.7 K (9 steps) 1 Hz -1488.1 Hz (20
steps)

3 10.125 3.8 1.9-28 K (10steps) | 1 Hz -1488.1 Hz (20
steps)

3 10.200 3.8 1.9-2.7 K (9 steps) 1 Hz -1488.1 Hz (20
steps)

3 |0.300 3.8 1.9-2.5 K (7 steps) 1 Hz -1488.1 Hz (20
steps)

4 |0.100 3.5 2.0-5.2 (17 steps) 1 Hz -1512 Hz (32 steps)

Collected sets of y” and y’’ susceptibilities (20 y* and 20 y*’ for 1 and 3 or 32 »’ and 32 y’’ for 2;) at
each temperature were fitted using the formulas for one-set (1, 2; eq. S1 and S2) or two-set (3; eq. S3
and S4) Debye model.

1'(@)= g5+ (ZT

2"(@)=(x, -

1+ (07)" sin(za 1 2)

7s) 14 2(w7)" sin(za / 2) + (7))

(7)™ cos(za /2)

;(S}l+2(a)z')(1 “ sin(za / 2) + (7)Y

(S1)

(82)
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1+ (w7, sin(ze, / 2)
ZS J (1-a) 2-2a))
1+ 2(wt)) sin(zer, / 2) + (w1,)

X' (@)= y; +(ZT1

(S3)
+ 1+ (w7, sin(za, / 2)
Xr2— ZT1}1+2(0)T2)(1 az)sm(ﬂa /2)+(a)2'2)(2 2a)
\ (w7,)"™ cos(na, /2)
)=
7)== 15) 1+2(e07,)" ™ sin(zer, 1 2) + (wz,) > s4)

(w1,)""* cos(za, / 2)
}1+2(a)r )(1me) sin(za, /2) +(wr, )2

(Zrz Zﬂ

Four (for one relaxation channel) or seven (for two relaxation channels) free parameters can be
retrieved reliably by using 40 (1, 3) or 64 (2, 4) experimental data points for each temperature

Table S4.2 Parameters of the extended Debye model for 1 (two relaxation processes) at Bpc = 0.15 T.

T/K x/10°¢  y/10° a/10%  7/10%s T/K  x/10°  x/10°  a/107%  7/10%s
m3 mol! m3 mol! m3 mol- m3 mol
1 1
1.8 0.70 13.79  23.87 20.87 34 0.88 7.94 12.68 4.35
1.9 0.66 13.15 23.75 19.03 35 0.90 7.73 12.04 3.85
2.0 0.64 12.64 23.77 17.02 3.6 0.98 7.53 10.13 3.53
2.1 0.63 12.11  23.32 15.46 3.7 0.82 7.34 9.63 3.02
2.2 0.61 11.79  23.66 14.45 3.8 0.86 7.17 8.91 2.68
2.3 0.55 11.30 24.05 12.93 3.9 0.93 7.00 7.27 2.44
2.4 0.59 10.86  22.63 11.70 4.0 0.94 6.84 6.24 2.17
2.5 0.58 10.50 22.86 10.69 4.1 1.01 6.68 441 1.96
2.6 0.63 10.11  21.60 9.76 4.2 1.00 6.53 4.49 1.73
2.7 0.61 9.79 21.73 8.84 43 0.99 6.40 421 1.53
2.8 0.72 946 19.64 8.06 4.4 0.88 6.26 4.12 1.33
2.9 0.65 920 19.80 7.27 4.5 0.88 6.15 3.69 1.17
3.0 0.78 891 16.95 6.66 4.6 0.88 6.01 3.44 1.03
3.1 0.76 8.63 16.75 5.99 4.7 0.79 5.90 3.58 0.89
32 0.81 839 14.99 5.32 4.8 0.76 5.78 3.37 0.79
33 0.87 8.15 13.37 4.84 4.9 0.90 5.67 2.07 0.72

Compound 1 @ 0.15 T
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Figure S4.2 AC susceptibility data for 1 recorded at Bpc=0.15 T: Frequency dependent in-phase y’
component of AC susceptibility (a), Cole-cole diagram (b), temperature dependence of in-phase y’(¢)
and out-of-phase y’’ (d) components of AC susceptibility (solid lines are only guides for the eyes),
temperature evolution of yr, ys, @ (e) and 7 (f) parameters obtained from two-component Debye
model (eq. S1 and S2).

Table S4.3 Result of the fitting procedure for AC susceptibility components of 2 at Bp=0.15 T.

T/K xs/10°°m3 | x/10°¢ a/102 | 7/104s
mol! m3 mol!
2.0 1.93 11.23 15.33 4.80
2.2 1.68 10.58 16.53 3.63
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2.4 1.56 9.75 15.84 2.53
2.6 1.48 9.13 14.40 1.81
2.8 1.53 8.54 11.67 1.30
3.0 1.60 8.05 943 0.95
3.2 1.83 7.60 6.75 0.73
34 1.91 7.20 4.33 0.55
3.6 1.22 6.85 4.98 0.34
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Figure S4.3 AC susceptibility data for 2 recorded at Bpc=0.15 T: Frequency dependent in-phase y’
component of AC susceptibility (a), Cole-cole diagram (b), temperature dependence of in-phase y’(¢)
and out-of-phase y’’ (d) components of AC susceptibility (solid lines are only guides for the eyes),

temperature evolution of yr, s, @ (e) and 7 (f) parameters obtained from two-component Debye
model (eq. S1 and S2).
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Table S4.4 Result of the fitting procedure for AC susceptibility components of 3.

B/T T/K xs/107° 21070 | yp/10° | /1072 a,/10? 701/10728 | 73/10% s
m3 mol! | m? mol! | m? mol’!

0.05 1.9 8.69 - 14.32 - 7.49 - 5.14

2.0 8.24 - 13.64 - 6.81 - 4.17

2.1 7.81 - 13.05 - 7.20 - 3.33

2.2 7.64 - 12.65 - 5.00 - 2.88

2.3 7.28 - 12.07 - 4.39 - 2.23

2.4 6.94 - 11.62 - 4.60 - 1.74

2.5 6.76 - 11.18 - 3.57 - 1.40

2.6 6.52 - 10.79 - 3.77 - 1.10

2.7 6.33 - 10.41 2.94 - 0.88

0.125 1.9 3.09 - 13.77 - 18.23 - 6.00

2.0 2.99 - 13.13 - 15.90 - 4.81

2.1 2.84 - 12.55 - 14.69 - 3.82

2.2 2.85 - 12.20 - 13.15 - 3.30

2.3 2.69 - 11.66 - 12.14 - 2.53

2.4 2.61 - 11.23 - 10.79 - 2.00

2.5 2.49 - 10.87 - 10.00 - 1.58

2.6 2.43 - 10.48 - 8.94 - 1.25

2.7 2.46 - 10.15 - 7.73 - 1.01

2.8 2.06 - 9.84 - 8.63 - 0.75

0.2 1.9 1.22 3.89 13.94 24.61 19.37 2.75 3.97

2.0 1.75 3.89 13.18 21.05 15.00 2.27 3.72

2.1 1.83 3.72 12.66 22.42 12.55 2.12 3.18

2.2 1.88 3.59 12.30 23.61 10.74 1.94 2.83

2.3 1.88 3.36 11.80 25.84 9.64 1.99 2.30

2.4 1.85 3.09 11.33 25.43 8.65 2.09 1.88

2.5 1.55 2.60 10.96 27.99 10.01 2.59 1.45

2.6 1.63 2.56 10.58 30.08 8.32 2.30 1.19

2.7 1.77 2.55 10.26 30.36 8.72 2.74 0.97

0.3 1.9 0.81 5.46 13.13 22.80 20.12 2.92 2.36

2.0 0.89 4.93 12.56 23.24 18.21 2.49 2.17

2.1 0.67 4.02 12.08 22.06 19.13 2.50 1.88

2.2 0.70 3.72 11.77 23.11 18.10 2.32 1.73

2.3 0.75 3.38 11.30 23.60 16.41 2.37 1.46

2.4 0.81 3.16 10.94 25.93 14.64 2.37 1.24

2.5 0.85 2.96 10.61 27.56 12.88 2.42 1.06

Compound3 @ 0.05 T
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Figure S4.4 AC susceptibility data for 3 recorded at Bpc=0.05 T: Frequency dependence of in-phase
x’ (a) and out-of-phase y’’ (b) AC susceptibility components (solid lines present fits using the two-
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component Debye’s model, eq. S3 and S4), Cole-Cole diagram (c), temperature dependence of in-
phase y’ (d) and out-of-phase ¥’ (e) AC susceptibility components (solid lines are only guides for the

eyes) and temperature evolution of yri, ¥12, s, @1, @ (f) and 71, 7, (g) parameters obtained from two-
component Debye model (eq. S1 and S2).
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Figure S4.5 AC susceptibility data for 3 recorded at Bp=0.125 T: Frequency dependent in-phase y’
component of AC susceptibility (a), temperature dependence of in-phase y’(b) and out-of-phase y’’ (¢)
components of AC susceptibility (solid lines are only guides for the eyes), Cole-Cole diagram (d),

temperature evolution of yr, ys, @, (e) and 7 (f) parameters obtained from two-component Debye
model (eq. S1 and S2).
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Figure S4.6 AC susceptibility data for 3 recorded at Bpc=0.2 T: Frequency dependence of in-phase y’
(a) and out-of-phase y’’ (b) AC susceptibility components (solid lines present fits using the two-
component Debye’s model, eq.S3 and S4). Temperature dependence of in-phase y’ (c¢) and out-of-
phase y’’ (d) AC susceptibility components (solid lines are only guides for the eyes), Cole-Cole

diagram (e) and temperature evolution of yt1, ¥, xs» @1, @ (f) and 7, © (g) parameters obtained from
two-component Debye model (eq. S3 and S4).
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Figure S4.7 AC susceptibility data for 3 recorded at Bp=0.3 T: Frequency dependent in-phase y’
component of AC susceptibility (a), Cole-cole diagram (b), temperature dependence of in-phase y’(c)
and out-of-phase y’’ (d) components of AC susceptibility (solid lines are only guides for the eyes),
temperature evolution of yri, ¥m2, xs» @1, & (e) and 71, 7, (f) parameters obtained from two-component
Debye model (eq. S3 and S4).

Table S4.5 Result of the fitting procedure for AC susceptibility components of 4 at Bp=0.15 T.

T/K xs/10°¢ x1/10°¢ a/102 | 7/10%s
m? mol! | m? mol!
2.0 1.14 11.57 19.04 | 6.53
2.2 11.04 10.74 19.18 | 5.06
2.4 1 1.04 9.81 18.77 3.77
2.6 | 0.89 9.11 18.77 | 2.83
2.8 | 0.88 8.49 18.16 | 2.17
3.0 | 0.99 7.98 1740 | 1.77
32| 1.18 7.54 15.44 1.50
3.410.92 7.13 16.76 | 1.12
3.6 | 0.88 6.76 1628 |0.92
3.8|1.39 6.43 13.23 0.87
4.0 1.61 6.14 10.75 | 0.82
421 1.69 5.87 9.48 0.70
44| 1.66 5.62 7.78 | 0.59
4.6 | 1.82 5.40 6.46 | 0.54
4.8 | 1.87 5.19 6.69 0.48
5.0 1.68 5.00 4.11 |0.40
5.2 | 1.60 4.83 3.75 0.33
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Figure S4.8 AC susceptibility data for 4 recorded at Bpc=0.1 T: Frequency dependent in-phase y’
component of AC susceptibility (a), Cole-cole diagram (b), temperature dependence of in-phase y’(¢)
and out-of-phase y’’ (d) components of AC susceptibility (solid lines are only guides for the eyes),
temperature evolution of yr, xs, @ (e) and 7 (f) parameters obtained from two-component Debye

model (equations S1 and S2).

Table S4.6 Relaxation parameters for compounds 1 and 2 using the single Orbach, single Raman
model and their combinations.

Model Bpc/T | Ukg/K Tols C/Km"sl; AB™ | T™ K1 s1 R?
n
1 | Orbach? 0.15 25.75+0.71 | (3.71+£0.61)107 | - - 0.9924
Raman? 0.15 - - 1.20+0.20; - 0.9966
5.91+0.11
1 | Orbach+Direct | 0.15 24.61+0.88 | (5.87£1.22)107 | - 307.75+9.39 0.9941
1 | Raman+Direct | 0.15 - - 0.79+0.14; 271.81+6.73 0.9982
6.07£0.12
2 | Orbach® 0.15 12.79+0.77 | (1.23+£0.34)10°¢ | - 0.9753
2 | Raman® 0.15 - - 68.76:12.01; - 0.9913
4.61+0.16
2 | Orbach+Direct | 0.15 18.92+1.35 | (2.28+0.92)107 | - 893.83+93.51 0.9945
2 | Raman+Direct | - - - 14.93+7.06; 632.85+121.05 0.9964
5.78+0.38
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a for the temperature range 3.9 K -4.9 K; ® for the temperature range 2.2 K -3.6 K;

Table S4.7 Relaxation parameters for compound 3 using the single Orbach, single Raman model and

their combinations.

Model Bpc/ T | Uk / K | /s C/Knmsl; AB™/T™mK!'s! | R2
n
3 | Orbach? 0.05 14.03+0.29 | (4.98+0.60)107 | - - 0.9978
3 | Raman? 0.05 - - 36.58+1.65; | - 0.9996
5.77+0.05
3 | Orbach+Direc | 0.05 19.10£0.92 | (9.22+3.16)10% | - 797.384+49.03 0.9984
t
3 | Raman+Direct | 0.05 - - 7.67+2.77, 626.32+67.30 0.9987
7.19+0.36
3 | Orbach? 0.125 14.87+0.53 | (3.97+0.86)107 | - - 0.9924
3 | Raman? 0.125 26.02+3.25; | - 0.9969
6.01+0.14
3 | Orbach+Direc | 0.125 20.06+0.93 | (7.13+£2.47)10% | - 713.01+45.49 0.9980
t
3 | Raman+Direct | 0.125 - - 5.37+1.76; 558.97+54.79 0.9986
7.44+0.31
3 | Orbach® 0.2 12.83+0.43 | (8.57+1.54)107 | - - 0.9943
3 | Raman® 0.2 - - 53.90+5.78; | - 0.9975
5.2840.12
3 | Orbach+Direc | 0.2 23.46+1.44 | (2.31£1.24)10% | - 1196.11+65.56 0.9974
t
3 | Raman+Direct | 0.2 - - 1.04+0.71; 1115.23+65.56 0.9963
8.96+0.68
3 | Orbachd 0.3 7.11£0.53 | (6.43£1.55)10° | - - 0.9727
3 | Raman! 0.3 - - 488.28+£76.0 | - 0.9824
9;
3.20+0.19
3 | Orbach+Direc | 0.3 21.22+2.39 | (4.77+4.44)10°¢ | - 2067.28+72.40 0.9967
t
3 | Raman+Direct | 0.3 - - 2.02+1.96; 1982(99) 0.9966
8.43+1.01

afor the temperature range 2.2 K-2.7 K; ®for the temperature range 2.2 K-2.8 K; °for the temperature

range 2.2 K-2.8 K; dfor the temperature range 2.0 K-2.5 K;

Table S4.8 Relaxation parameters for compounds 4 using the single Orbach, single Raman model and

their combinations.

Model Boc/ | Uk / K | To/s C/Kmsl; R?
T n
4 | Orbach 0.1 9.54+0.29 | (6.70+£0.61)10° | - 0.9856
4 | Raman 0.1 - 201.44+21.96; 0.9872
3.00+0.09
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Figure S4.9 AC susceptibility data for compound 3 diluted in eicosane and recorded at Bpc=0.3 T.
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S5.1 Magneto-structural correlations for 37 pentacoordinated Co(Il) SIMs. a) correlation

between Addison zs parameter and axial zero-field splitting D parameter; b) Shape map for trigonal
bipyramid (TBPY) and square pyramid (SPY). The red and blue color indicate the positive and
negative values of D, respectively, found in the corresponding compounds. 1-3 — this work; 5-7,° 8-9,'°
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