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Figure S1 — Experimental and calculated PXRD patterns of Pre-I.

Discussion about TG for Pre- I and compounds 1-4.

The TG curve of Pre-I (Figure S2a) shows that this complex is thermally stable until 270
°C; the DTA curve shows an endothermic peak at 275 °C correspondent to the melting
point of Pre-1. Then, the decomposition starts with the release of one mol of dpss and one
mol of Cl, (exp./calc. 79.89/76.88%) probed by two endothermic peaks at 515 and 605 °C.
The total weight loss up to 717 °C agrees with the formation of one third of Co;04
(exp./calc. 22.3/22.9%). The last weight loss that occurs between 922 and 944 °C which
corresponds to the endothermic peak at 934 °C (DTA), is attributed to the transformation

of Co304 into CoO in agreement with other reduction reactions.!



The TG curve for 1 exhibits a weight loss of 16.2% (calcd. 16.5%), in an endothermic
process centered at 84 °C (onset at 25 °C and ends at 181 °C), which can be attributed to
the loss of twelve coordinated water molecules plus one dmso and four water molecules of
crystallization. The further weight loss occurring until 468 °C was attributed to the
decomposition of organic matter, attributed to six Hympba?- units (obsd. 67.1 %; calcd.
67.6 %). The DTA curve shows two exothermic peaks at 403 and 441 °C, due to the
thermal decomposition of 1. The total mass loss up to 468 °C can correspond to 16.7% of
the initial mass, and it can be assigned to two Co;04 units (calcd. 21.68%). The last mass
loss that occurs between 908 and 932 °C, corresponds to the endothermic peak at 921 °C
(DTA) is attributed to the reduction of Co;04 to CoO, as observed for Pre-1. The TG curve
of 2 shows successive steps, where the first mass loss occurs until 115 °C can be attributed
to nine water molecules, nine of them being coordinated and the other three non-
coordinated (obsd. 13.2%; calcd. 13.5%), accompanied by DTA curve with an endothermic
peak at 115 °C. The subsequent mass loss stages evidence the decomposition step in the
temperature range 115-522 °C, which was attributed to two Hympba?- units and 0.5 dpss
molecules (obsd. 62.2%; caled. 61.4%), with endothermic (332 °C) and exothermic (378
and 488 °C) processes associated with the decomposition of the ligands. The resulting
residue at 907 °C represents 23.0% of the initial mass, which could be related to the
formation of Cos;04 (calcd. 20.1%), and associated with carbonized material. The reduction
of Co;04 to CoO in the TG curve was also observed, accompanied by an endothermic peak
at 920 °C (DTA curve). The TG curve for 3 exhibits a first mass loss in the temperature
range 25-156 °C, corresponding to the release of four crystallization water molecules
(obsd. 9.2%; calcd. 9.4%). The second mass loss between 156 and 422 °C can be assigned
to the release of four coordinated water molecules and decomposition of organic matter

(1.5 mol Hympba) with exothermic processes in the DTA curve at 300, 335, 371, 401 °C



(obsd. 60.4%; calcd. 58.7%), reaching 25.40% of the initial mass as being Co;0, (calcd.
22.62 %) associated to the carbonized material. The reduction of Co;04 to CoO can also be
observed at 1034 °C. The TG curve for 4 exhibits a sequence of weight losses between 25
and 197 °C in an endothermic process, with a combined mass loss of 9.3% that would
correspond to the release of four coordinated water molecules, one water molecule of
crystallization, and four methanol molecules per formula unit (obsd. 9.4%). The further
weight loss occurring until 469 °C was attributed to the decomposition of organic matter in
four mols of the dpss ligand and thee Hympba? ligands (obsd. 67.80%; calcd. 70.4%). This
information is corroborated by the DTA curve which shows exothermic peaks at 390 and
463 °C. The final residue corresponding to the 18.96% of the initial mass probably
corresponds to four CoO units (obsd. 12.8%) associated with carbonized material from the

remaining Hympba?- ligand. All the TG curves are shown in Figure S2.
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Figure S2 — TG and DTA curves for (a) Pre-I, (b) 1, (c) 2, (d) 3, and (¢) 4.
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Figure S3 — Experimental and calculated PXRD patterns of 1-4.

Figure S4— Perspective drawing of the structure of Pre-I with the atom labeling. The

displacement ellipsoids of the non-hydrogen atoms are drawn at the 50% probability level.



(a) (b)

Figure S5 — (a) Mesocate view along the direct crossing of the cobalt(II) ions in 1 and 2.
Simplified representation of the mesocate unit showing (b) the non-crystallographic three-
fold rotation axis along the direction crossing the cobalt(Il) ions and (c) the 1. s. mean

planes calculated for the ligands and the angle of 60° between them.

The least-squares values are 63.22(11), 68.62(13) and 81.43(12) (1A), 59.96(10),
76.31(11) and 83.72(11) (1B) and 60.76(6), 79.2(19) and 80.9(19)° (2). The Hympba>~
ligands coordinate to the metal ions in a side-by-side arrangement, a feature that imposes a
non-planar ligand conformation, as demonstrated by the root-mean-squared deviation
(RMSD) for the Hympba?~ non-hydrogen atoms fitted on the 1. s. plane [0.330, 0.392 and

0.407 (1A), 0.382, 0.413 and 0.480 (1B) and 0.383 and 0.475 A (2).



(a) (b)

Figure S6 — (a) The largest syn C-C-N-C torsion of one Hympba?- ligand in 1A mesocate
represented in pink. (b) The second syn C—C—N-C torsion At the other arm of the same

ligand, is represented in green.

The ligands are far from being planar, probably due to the rotation of one of the two
N-C bonds connecting the phenyl ring to the oxamate group. In this respect, the largest
values of the syn C—C—N—C torsion value at one arm of each ligand are —23(2), —33(2) and
-39(2)° in 1A (Figure S6a) and 34(2), 39(2) and 41(2)° in 1B. Those at the other arm are —
5(2),—17(2) and —22(2)° in 1A (Figure S6b) and 5(2), 12(2) and 14(2)° in 1B. Dealing with
the helicate unit in 2, the values of the syn C—C—N—C torsion are 3.6(10) and 38.9(8)° for
the whole Hompba?~ ligand in the asymmetric unit and 21.1(10)° at both arms of the other

oxamate ligand.



Figure S7— (a) Superposition among the crystallographically independent mesocate units s
of the main complex present in 1 (molecules A and B are colored in blue and green) and 2
(red). A projection normal to the direction crossing through the two cobalt(Il) ions from

each complex is shown to detach the intramolecular three-fold symmetry axis.

Compound 1 Compound 2

Figure S8 —[Co(H,0)¢]™ counter ions of 1 and 2, evidencing their octahedral
environments. Capital letters (A’ and B’) denote the two crystallographically independent

molecules present in the asymmetric unit of 1 [Symmetry code: (v) 1.5-x, -y, 0.5-2)].
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Figure S9— Representation of the crystallographic two-fold rotation axis symmetry and
disordered atoms from (a) a helicate unit and (b) the dpss molecule in 2. A half water
molecule is also present in the asymmetric unit, but it was omitted in Figure for the sake of

clarity.

The half [Co,(mpba);]>~ helicate found in the asymmetric unit has one cobalt(II)
ion, a Hympba®~ ligand and a half of this ligand whose phenylene ring is disordered over
two site sets (C11, C13, C13’, and C14 have a site occupancy factor of 0.5, while C12 and
the remaining [Co,(mpba);]?>~ asymmetric part have full occupancy; Figure S9a). Similarly,
two disordered site sets are observed for the dpss molecule after completing its molecular
backbone by symmetry (N4, C17, C18, and C19 have a site occupancy factor of 0.5, while
C20 has full occupancy because it is the only non-hydrogen atom common to both site

sets; Figure S9b).
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Figure S10- View of the crystal packing of 1 featured by hydrogen-bonded sheets onto the

[3‘1 3] plane through R,%(10) synthons (shaded in green; equivalent symbols are labeling
symmetry-related synthons). Only the hydrogen atoms of the N—H bond are shown. Capital
letters refer to the two crystallographically independent helicate units. Hereinafter,
hydrogen bonds are pictured as cyan dashed lines and the displayed values refer to the

H--A distance (in A) and D-H--A angle (in deg) [A = acceptor and D = donor].
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Figure S11 - Packing representation of 1 onto the ac plane showing how the layers parallel

to [011] plane are cross-connected along the [001] and [100] directions through hydrogen
bonds involving the [Co(H,0)]"? cations. A and B mesocates are in green and blue colors,
respectively. The two crystallographically-independent [Co(H,0)¢]™? units are depicted in
yellow and red, respectively. Hydrogen atoms not involved in the depicted hydrogen bonds

were omitted for the sake of clarity. Hydrogen bonds are pictured as cyan dashed lines.
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(c)

Figure S12 — Packing view of 1 along the b* axis showing: (a) only the
[Coy(Hympba);]*/[Co(H,0)6]*" entities, highlighting the calculated voids (surfaces in
orange) across the structure, (b) the whole packing and (c) the hydrogen bonds involving
the solvent molecules and hexaaquacobalt(I) units. The voids were calculated by
MERCURY using the contact surface approach with a grid spacing and a probing sphere
radius of 0.7 and 1.1 A, respectively. The oxygen atoms of the water molecules were

purposely removed from the CIF file before the void calculation.
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Compound 4 (a)

Same side

Compound 3 Compound 4

(b)

Figure S13 — (a) Although 3 and 4 are one-dimensional coordinating polymers, both differ
by the linearity of their ligands, since 3 has an almost linear motif while 4 exhibits a snake-
shape (water and methanol molecules in 4 were omitted for clarity). (b) Representation of
the C-C-N-C torsion for 3 and 4, highlighting the position of the amide [N3 H3N (3) and

N1 HIN (4)] and the phenyl [C11 H11 for 3 and C1 HI (4)] bonds.
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If 1, 2 and 4 are taken as references, the C—C—N—C torsion in 3 ( [177(2) and
178(2)° at one ligand and —172(2) and —178(2)° at the other one] is equivalent to that of the
C11-C12-N4—-C19 set of atoms in 1 (Figure S6). Consequently, with regards to oxamate
chain, both amide hydrogen atoms are on the same side of that hydrogen atom bonded to
the carbon atom at the two position of the phenyl ring (C11 in Figure S13b), while these
amide hydrogen atoms are on opposite sides of such C—H hydrogen in 1, 2, and 4 (Figure
S13b). Thus, the degree of torsion at the N-C phenyl-oxamate bridging bond in 4 [syn C—
C-N-C =-16.0(5) and —16.9(5)°] is more similar to the ones found in 1 and 2 than those
in 3. This seems to be related to a higher Hympba?~ coplanarity in 3 (RMSD of 0.0805 and
0.101 A for all Hympba? non-hydrogen atoms fitted onto the 1. s. plane of each
crystallographically independent ligand) with a negligible angle of 0.37(2)° between the 1.
s. planes of the ligands, and in a not so high Hympba?~ coplanarity in 4 (RMSD of 0.273 A
for all non-hydrogen atoms of the ligand) with the parallel aligned 1. s. planes of the
ligands risen by 1.53(4) A. In fact, the torsion at the N-C phenyl-oxamate bridging bond
affects the chain conformation as discussed above and it accounts for the different values

of the shortest intrachain cobalt-cobalt separation [12.195(6) (3) and 5.121(3) A (4)].
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Chain A Chain B (a)

Figure S14— The R,%(10) motifs in 4 occur between the chains along the crystallographic ¢

axis. The hydrogen atoms attached to the carbon ones are hidden for clarity.

chain1 chain 2 chain 3

Figure 15— (Top left panel) A packing overview of 4 onto the (100) plane (the free water

molecules were omitted for clarity). (Top right panel) A view illustrating the way the

17



coordinated water molecules and the N-H amide fragment act as hydrogen bond donors
towards co-crystallized dpss molecules cross-linking the alternate layers. (Bottom panel) A
view of the interlink of the neutral chains along the crystallographic ¢ axis through the
R,%(10) motifs (depicted in green). The hydrogen atoms attached to the carbon atoms were

omitted for clarity in all panels.

Although each Hympba?~ ligand has two N—H amide groups to participate in the
R,2(10) hydrogen bonding, only one of them is effective. This is because one N-H group
act as hydrogen bonding donor towards one nitrogen atom of free dpss molecule, which in
turn, connects a subsequent chain of 4 through a hydrogen bond using its second nitrogen
atom, this time acting as an acceptor of the coordinated water molecule. Therefore, the
overall packing of 4 can be described as chains running along the [100] direction, which
are side-to-side packed through the R,%(10) motifs along the [001] direction, being these
complex entities intercalated by layers of cocrystallized dpss molecules along the [010]
direction (Figure S15). This type of interaction (chain-dpss-chain) is repeated infinitely so

as to form a supramolecular 3D network.
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Figure S16— Frequency dependence of the ac susceptibility for Pre-I, measured at 1 kOe.
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Figure S17— Frequency dependence of the ac susceptibility for 1, measured at 1 kOe. Lines

are only eye guides.
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Figure S18— Frequency dependence of the ac susceptibility for 2, measured at 1 kOe. Lines

are only eye guides.
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Figure S19- Frequency dependence of the ac susceptibility for 4, measured at 1 kOe. Lines
are only eye guides.
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Figure S20- Frequency dependence of the ac susceptibility for Pre-I, measured at 2.7 K.

Lines are only eye guides.
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Figure S21- Frequency dependence of the ac susceptibility for 1, measured at 2.7 K. Lines

are only eye guides.
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Figure S22- Frequency dependence of the ac susceptibility for 2, measured at 2.7 K. Lines
are only eye guides.
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Figure S23— Frequency dependence of the ac susceptibility for 3, measured at 2.7 K. Lines
are only eye guides.
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Figure S24— Frequency dependence of the ac susceptibility for 4, measured at 2.7 K. Lines
are only eye guides.
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Figure S25— Frequency dependence of the ac susceptibility for 4, measured at 2 kOe. Lines
represent the best-fit curves obtained using a generalized Debye model with one relaxation
process according to the description in the text.
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Figure S26— Cole-Cole plot obtained from the frequency-dependence of the ac
susceptibility for 4 measured at 1 kOe. Lines are only eye guides.
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Figure S27— Cole-Cole plot obtained from frequency-dependence of the ac susceptibility
for 4 measured at 2 kOe, where the lines represent the obtained fits through a generalized
Debye model with one relaxation process.
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Table S1 — Selected bond length (A) and angles (deg) for Pre-I

Col—NI1
Col—CI2
Col—N2
Col—Cl1
Cl1—Col—CI2
Cl12—Col—Cl1
Cl1—Col—NI1

2.028(3)
2.250(1)
2.062(3)
2.234(1)
118.46(3)
118.46(3)
113.53(7)

N1—Col—Cl1
Cl1—Col—N2
N2—Col—Cl1
CI2—Col—N1
N1—Col—CI2
Cl12—Col—N2
N2—Col—CI2

113.53(7)
104.59(7)
104.59(7)
101.95(7)
101.95(7)
100.53(7)
100.53(7)

Table S2— CShM calculations of the coordination environment at the cobalt(Il) ion in

Pre-I?

Structure

SP-4

T-4

SS-4

vIBPY-4

Pre-1

26.458

0.944

6.555

3.309

aAbbreviations: SP-4 = Square (Dyy); T-4 = Tetrahedron (T,); SS-4 = Seesaw (C,,);
vTBPY-4 = Vacant trigonal bipyramid (Cs,).

Table S3 — Intermolecular C-H-Cl type interactions in Pre-I (A, deg)*®

D-H-A d(D-H) d(H+A)
C2-H2-CI2'  0.93 2.89
C8-H8-CI2i  0.93 2.85
C4-H4--CI1ii 0.93 2.74

dD-A)
3.774(3)
3.661(4)
3.635(4)

<D_HA

160
146
162

D = Donor and A = acceptor. °Symmetry code: (i) = -x, -y+1, -z+2; (ii) = -x, -y, -z+1; (iii)

=x, y+l, z.
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Table S4 — Bond distances (A) for the Oqyamate—C0—O oxamate system in 1

A mesocate
Col—02 2.083(8)
Col—03 2.097(7)
Col—08 2.061(8)
Col—09 2.117(8)
Col—0O14 2.054(9)
Col—0O15 2.098(8)
Co2—05 2.101(8)
Co2—06 2.083(8)
Co2—O011 2.044(8)
Co2—012 2.127(7)
Co2—017 2.075(9)
Co2—O018 2.127(7)
B mesocate
Co3—020 2.104(8)
Co3—021 2.083(7)
Co3—026 2.072(7)
Co3—027 2.131(7)
Co3—032 2.075(8)
Co3—033 2.093(7)
Co4—023 2.066(8)
Co4—024 2.099(7)
Co4—029 2.059(8)
Co4—030 2.107(8)
Co4—035 2.079(8)
Co4—036 2.103(7)
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Table S5 — Bond angles (deg) for Ogamate—C0—0Ooxamate System in 1

A mesocate
014—Col1—08 91.7(3)
014—Co01—02 92.0(3)
08—Col—02 93.1(4)
014—Col1—03 96.5(3)
08—Col1—03 168.6(3)
02—Col—03 78.7(3)
014—Col1—015 79.8(3)
08—Col—015 92.5(3)
02—Col—015 170.2(3)
03—Col—015 96.8(3)
014—Co01—09 169.6(3)
08—Col—09 78.8(3)
02—Col—09 92.5(3)
03—Col1—09 93.6(3)
015—Co01—09 96.4(3)
011—Co02—017 96.1(3)
011—Co02—06 91.2(3)
017—Co02—06 171.3(3)
011—Co02—05 94.0(3)
017—Co02—05 94.9(3)
06—Co02—05 79.9(3)
011—Co02—018 172.3(3)
017—Co02—018 78.2(3)
06—Co02—018 94.9(3)
05—C02—018 91.6(3)
011—Co02—012 78.9(3)
017—Co02—012 93.5(3)
06—Co02—012 92.5(3)
05—Co02—012 169.5(3)
018—Co02—012 96.2(3)
B mesocate
026—C03—032 94.4(3)
026—Co03—021 93.9(3)
032—Co03—021 169.9(3)
026—C03—033 170.6(3)
032—C03—033 79.2(3)
021—Co03—033 93.3(3)
026—C03—020 100.1(3)
032—C03—020 93.6(3)
021—Co03—020 79.2(3)
033—Co03—020 87.2(3)
026—Co03—027 80.2(3)
032—Co03—027 92.7(3)
021—Co03—027 94.5(3)
033—Co03—027 93.2(3)
020—Co03—027 173.7(3)
029—Co04—023 94.6(3)
029—Co04—035 94.9(3)
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023—Co04—035
029—Co04—024
023—Co04—024
035—Co04—024
029—Co04—036
023—Co04—036
035—Co04—036
024—Co04—036
029—C04—030
023—C04—030
035—Co04—030
024—Co04—030
036—Co04—030

93.1(4)
169.8(3)
78.7(3)
93.1(3)
95.7(3)
167.4(3)
78.9(3)
92.0(3)
78.9(3)
91.5(3)
172.6(3)
93.5(3)
97.5(3)
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Table S6 — Bond distances (A) for the Oqyamate—C0—Ooxamate system in 22

Col—O1 2.088(4)
Col—O02 2.086(4)
Col—04 2.080(4)
Col—05 2.095(4)
Col—O07 2.132(4)
Col—O08 2.072(4)

aSymmetry code: (iv) = 2.25-x, 0.25-y, z.

Table S7 — Bond angles (deg) for the Ogxamate—C0—O¢xamate System in 22

08—Col—04 168.05(17)
08—Col—O02i" 94.18(15)
04—Col—O02i" 94.95(16)
08—Col—Oliv 90.12(17)
04—Col—O1iv 99.22(16)
02"—Col—O1 78.69(16)
08—Col—05 93.34(17)
04—Col1—05 78.88(16)
02"—Col—O05 90.53(17)
01"—Col—O05 168.90(17)
08—Col—07 78.01(15)
04—Col1—07 93.59(15)
02"—Col—O07 170.29(16)
01"—Col—O07 95.39(16)
05—Col—07 95.64(17)

aSymmetry code: (iv) = 2.25-x, 0.25-y, z.



Table S8— Continuous shape measurement (CShM) results of the coordination environment
of the cobalt(I) ions 1-42

1
Structure HP-6 PPY-6 0C-6 TPR-6 JPPY-6
Col 29.549 25.731 1.059 12.849 29.720
Co2 28.432 26.697 0.980 13.815 30.532
Co3 28.224 26.353 0.919 14.036 29.822
Co4 29.177 25.602 1.061 13.045 29.205
Co5 31.117 28.145 0.132 15.389 31.820
Cob 31.726 28.960 0.102 15.808 32.523
2
Col 29.133 25.125 1.186 12.993 28.606
Co2 32418 29.790 0.025 16.543 33.187
3
Col 28.239 27.381 0.599 15.288 30.558
Co2 28.678 27.341 0.591 15.298 30.659
4
Col 27.641 27.842 0.791 15.679 30.836
Co2 28.217 28.107 0.668 15.817 31.180

aAbbreviations: HP-6 = Hexagon (Dg,); PPY-6 = Pentagonal pyramid (Cs,); OC-6 =
Octahedron (Oy); TPR-6 = Trigonal prism (Dsy,); JPPY-6 = Johnson pentagonal pyramid J2
(CSV)-

The SHAPE values concerning the octahedral geometry (OC-6) of the cobalt(II)
ions of the helicate units are 1.059, 0.980, 0.919 and 1.061 for Col, Co2, Co3 and Co4 (1)
and 1.186 for Col (2) [compared to those for the trigonal prismatic environment (TPR-6)
which cover the range 12.849-15.808]. The SHAPE values of 0.599 (Col) and 0.591 (Co2)
in 3 and 0.791 (Col) and 0.668 (Co02) in 2 for OC-6 symmetry were found [compared to
15.288 (Col) and 15.298 (Co2) in 3 and 15.679 (Col) and 15.817 (Co2) in 4 for the TPR-6
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symmetry]. In contrast to what occurs in 3, the two crystallographically independent

cobalt(Il) ions in 4 (Col and Co2) are centrosymmetric.

Table S9 — Bond distances (A) for [Co(H,0)¢]* in 1

A’ unit
Co5—O01W 2.086(11)
Co5—02W 2.053(10)
Co5—O03W 2.097(12)
Co5—O04W 2.106(11)
Co5—O05W 2.117(10)
Co5—06W 2.066(11)

B’ unit
Co6—0TW 2.079(9)
Co6—O08W 2.064(15)
Co6—09W 2.113(14)
Co6—010W 2.061(10)
Co6—O011W 2.065(14)
Co6—012W 2.022(12)
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Table S10 — Bond angles (deg) for [Co(H,0)¢]*" in 1

A’ unit
O02W—Co5—06W 96.4(5)
02W—Co5—01W 87.0(4)
O6W—Co5—01W 88.4(4)
02W—Co5—04W 177.8(4)
O6W—Co5—04W 84.8(5)
O1W—Co5—04W 91.1(5)
02W—Co5—03W 92.5(4)
O6W—Co5—03W 91.0(5)
O1IW—Co5—03W 179.2(6)
04W—Co5—03W 89.4(5)
02W—Co5—05W 88.0(4)
O6W—Co5—05W 175.3(5)
O1IW—Co5—05W 90.1(5)
04W—Co5—05W 90.8(4)
O3W—Co5—05W 90.5(5)
B’ unit
O12W—Co06—O011W 176.3(5)
O12W—Co06—010W 91.5(6)
O11W—Co06—010W 88.0(6)
O12W—Co06—0O8W 92.3(7)
O11W—Co6—0O8W 88.1(8)
O10W—Co6—0O8W 175.4(7)
O12W—Co06—07W 89.4(5)
O11W—Co6—0O7TW 94.3(4)
O10W—Co6—0O7W 89.2(4)
O8W—Co6—0O7TW 93.4(7)
O12W—Co06—0O9%W 91.5(5)
O11W—Co6—0O9%W 84.8(5)
O10W—Co6—0O9%W 89.6(6)
O8W—Co6—09W 87.7(8)
O7W—Co6—0O9W 178.5(6)
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Table S11 — Bond distances (A) for [Co(H,0)¢]** in 2

Co2—O02Wil 2.049(5)
Co2—O02W 2.049(5)
C02—O3 Wi 2.085(5)
Co2—O3W 2.086(5)
Co2—O1W 2.094(5)
Co2—O1 Wi 2.095(5)

[Symmetry code: (ii) = 1.5-x, -y, 0.5-2)].

Table S12 — Bond angles (deg) for [Co(H,0)s]*" in 2

02Wi—C02—02W 180.0

02Wi—C02—O3 Wi 91.7(2)
02W—C02—O03Wii 88.3(2)
02Wi—C02—O3W 88.3(2)
02W—C02—O03W 91.7(2)
03Wi—C02—O03W 180.0

02Wi—C02—O1W 89.6(2)
02W—C02—O1W 90.4(2)
03Wi—C02—O1W 89.7(2)
03W—C02—O1W 90.3(2)
02Wi—C02—O1 Wi 90.4(2)
02W—C02—O1Wii 89.6(2)
03Wi—C02—O1Wi 90.3(2)
03W—C02—O1Wii 89.7(2)
01W—C02—O1Wii 180.0

[Symmetry code: (i1) = 1.5-x, -y, 0.5-z)].
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Table S13 — Hydrogen bonds in 1 (A, deg)*®

d(D-H) d(H-A) d(D-A) <D-A
Olw-H1A--035" 0.99 1.76 2.6951(1) 155
02w—H2b--025Vi 0.99 1.79 2.6630(1) 144
N2-H2N--Q3  vii 0.86 2.06 2.8549(1) 153
O3w-H3A-026" 1.00 2.59 3.5202(1) 155
N3-H3N--022ix 0.86 2.07 2.8861(1) 158
O4w-H4A~01S* 0.99 1.84 2.7812(1) 157
O4w-H4b--034v 0.99 2.02 2.8886(1) 145
N4-H4N--019% 0.86 2.12 2.9229(1) 155
O5w—H5A 04 0.99 1.89 2.8414(1) 159
O5w-H5b018* 1.00 2.18 2.8403(1) 122
N5-H5N--028xi 0.86 2.23 3.0359(1) 156
06w—H6A-015w" 0.99 1.87 2.8427(1) 164
06w-H16b-+-017w" 0.99 1.77 2.7453(1) 166
O7w-H7A--016%i 1.00 1.79 2.7015(1) 151
O7w-H7b--020 1.00 1.90 2.7437(1) 141
N7-H7N--010vii 0.86 2.03 2.8009(1) 149
O8w—H8A-~O1* 0.99 2.39 3.2415(1) 143
N8-H8N--O7xi 0.86 2.11 2.9384(1) 161
09w—HOA-Q2x 0.97 2.11 2.7385(1) 121
O10w-H10b--032vi 0.98 1.97 29183(1) 162
N10-HION--O13ix 0.86 2.03 2.8427(1) 156
Ol1lw-H11A--O13w" 0.99 1.84 2.6570(1) 139
N11-HIIN--O4x 0.86 2.20 2.9869(1) 152
O12w-H12b--031vi 0.99 1.91 2.8248(1) 153
013w-HI13A--0O19vi 1.00 2.08 2.9540(1) 145
Ol4w-H14A--O13x 0.88 2.06 2.8709(1) 153
O14w-H14b--O3w" 0.99 2.11 2.8026(1) 125
O15w-HI5A-010w" 1.00 2.19 2.8638(1) 123
015w-H15b--08x 1.01 1.92 2.7256(1) 134
O17w-H17A--029" 0.99 1.96 2.8367(1) 145

aD = donor, A = acceptor. °"Symmetry code: (vi) x,y,z; (vii) = -1+x, y, z; (viii) = 2-x,
0.5+y,1-z; (ix) = 1-x, -0.5+y, -z; (x) = 1-x, 0.5+y, -z; (xi) = 2-x, -0.5+y, 1-z; (xii) = 1-x,
0.5+y, -z; (xiil) = -1+x, y, 1+z; (xiv) = x, y, 1+z.

Table S14 — Hydrogen bonds in 2 (A, deg)*®

d(D-H) d(H~A) d(D-A) <D—A
N3-H3N--Q9™ 0.860 2.082 2.883(6) 154.87
02W-H3W--08 0.850 1.890 2.677(6)  153.35
02W-H4W--05w 0.850 1.985 2.757(8)  150.27
N1-HIN--Q3w 0.860 2.147 2.980(7) 162.73
O5W-H8W--O6~il 0.993 2.009 2.754(8)  129.95
O3W-H5W--05 0.850 1.980 2.794(7)  160.01
O1W-H2W--02 0.850 2.071 2.723(7)  133.10
O1W-H2W--02w 0.850 2.443 2.940(8) 118.03
O4W-H7W--03~ 0.993 2.259 3.126(15) 145.17

3D = donor, A = acceptor. "Symmetry code: (xv) = 1.75-x, y, 0.75-z; (xvi) = x, 0.25-y, 0.25-
z; (xvii) = 0.25-x, 0.25+y, 0.5-z.
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Table S15 — Bond distances (A) for the Ooxamate—C0—0O0xamate System in 32

Col-08 2.024(13)
Col-O1 2.073(13)
Col-07 2.078(13)
Col-02 2.098(12)
Col-02W 2.143(11)
Col-O1W 2.151(11)
C02-01 [ il 1.979(14)
C02-04W 2.052(16)
C02-03W 2.103(15)
C02-010wiil 2.108(15)
C02-04 2.107(15)
C02-05 2.110(13)

aSymmetry code: (xviii) = x-1, y+2, z+1.

Table S16 — Bond angles (deg) for the Ogxamate—C0—0Ooxamate System in 32

08-Col-O1 101.0(5)
08-Col-07 79.6(5)
01-Col-07 179.1(6)
08-Col-02 178.0(7)
01-Col-02 80.4(5)
07-Col-02 99.0(5)
08-Col-02W 88.2(4)
01-Col-02W 88.0(5)
07-Col-02W 92.8(5)
02-Col-02W 93.3(4)
08-Col-O1W 90.4(5)
01-Col-O1W 90.8(5)
07-Col-O1W 88.5(5)
02-Col-O1W 88.1(4)
02W-Col-O1W 177.9(6)
O11%ii_Co2-04W 91.2(6)
O11™ii-Co2-03W 87.5(6)
04W-Co02-03W 178.4(8)
01 1™ii_C2-010vii 80.1(6)
04W-Co02-010ii 87.2(7)
03W-Co02-010xvii 91.7(6)
011ii_Co2-04 101.0(6)
04W-C02-04 91.1(7)
03W-Co02-04 90.0(6)
010%ii-Co2-04 178.0(8)
011%ii_C02-05 178.3(7)
04W-C02-05 90.3(6)
03W-C02-05 91.0(5)
010%ii-C02-05 99.1(5)
04-C02-05 79.8(5)

aSymmetry code: (xviii) = x-1, y+2, z+1.



Table S17 — Bond distances (A) for the Ogxamaie—C0—Ogxamaic System in 4

Col-O1Wxix 2.079(2)
Col-O1W 2.079(2)
Col-O1xx 2.086(2)
Col-O1 2.086(2)
Col-02%ix 2.094(2)
Col-02 2.094(2)
C02-O7%x 2.088(2)
C02-07 2.088(2)
C02-04x 2.095(2)
C02-04 2.095(2)
C02-05% 2.096(2)
C02-05 2.096(2)

aSymmetry code: (xix) = -x,-y+1,-z+1; (xx) = -x+1,-y+1,-z+1.

Table S18 — Bond angles (deg) for the Ogxamate—C0—Ooxamate System in 42

O1WX—_Col-O1W 180.00(8)
O1W¥i-Col-O1% 92.91(9)
O1W-Col-O1x 87.09(9)
OlWxxi—COl—Ol 8709(9)
01W—Col-01 92.91(9)
lexi—COl—Ol 1800
O1W*i-Co1-02 89.65(9)
O1W-Col-02% 90.36(9)
O1i-Col1-02*i 77.89(8)
Ol_Col_Ozxxi 10210(8)
O1Wi-Co01-02 90.35(9)
01W-Col1-02 89.65(9)
01%i-Co1-02 102.11(8)
01-Col1-02 77.90(8)
02i_Co1-02 180.0
O7xxii—C02—O7 180.0
07 C02-O4i 88.09(10)
O7-Co2-04xi 91.91(10)
O7%i-C02-04 91.91(10)
07-C02-04 88.10(10)
04%ii_C02-04 180.0
O7i-Co2-O5*i 90.62(9)
07-C02-05i 89.38(9)
O4xxiC2-O 5 78.74(8)
04-C02-05i 101.26(8)
O7xi_C02-05 8939(9)
07-Co02-05 90.61(9)
04%i-C02-05 101.26(8)
04-C02-05 78.74(8)
OsxxiifC02705 180.0

aSymmetry code: (xxi) = -x, -y+1, -z+1; (xxii) = -x+1, -p+1, -z+1.



Table S19 — Hydrogen bonds in 3 (A, deg)®

N2-H2N---O IWxxiii
N2-H2N--06
NI1-HIN--O6Wxiv
N4-H4N---O2W*xv
O2W-H2WA--O12xxi
O2W-H2WA--O6**Vi
O2W-H2WB:--O7 Wil
OIW-HIWB:--Q12xvi
O1W-H1WB:--06xv
O1IW-HIWA---QO6Wxxviil
O4W-H4WA - Q3xxix
O4W-H4WB:---O8W**x
O3W-H3WA---Q9xxvii
O3W-H3WB:--O5Wxxvii
O5SW-H5WA---Q2%xi
O5SW-H5WB:--0O4**v
O5SW-H5WB:-O4W*xv
O7W-H7WB:--Q5xxii
O8W-H8WA:--O8**v
O8W-H8WB:--010xx
O6W-H6WB:--O7xx

d(D-H)
0.860
0.860
0.860
0.860
0.857
0.857
0.860
0.852
0.852
0.851
0.883
0.844
1.001
0.855
0.829
1.063
1.063
0.890
0.994
0.917
0.993

d(H--A)
2.193
2.266
2.409
2.218
2.577
2.008
2.115
1.900
2.474
2.364
1.828
2.161
1.785
1.928
2.012
2.531
2.611
1.879
2.129
2.583
2.508

d(D-A)
2.988
2.692
3.240
3.032
3.055
2.747
2.761
2.733
2.923
3.152
2.686
2.958
2.779
2.705
2.830
3.540
3.367
2.618
2.867
3.488
3.128

153.67
110.66
162.63
158.10
116.31
143.94
131.52
165.18
113.75
154.14
163.45
157.51
171.55
150.34
168.92
158.13
127.70
139.12
129.55
168.98
120.22

aD = donor and A = aceptor. PSymmetry code: (xxiii) = x, y+1, z; (xxiv) = x, y+1, z-1; (xxV)

=x, y-1, z; (xxvi) = x+1, y-1, z; (xxvii) = x-1, y+1, z; (xxviil) = x, y, z-1; (xxix) = x, y+1,
z+1; (xxx) = x, y+2, z; (xxxi) = x, y, z+1; (xxxil) =x+1, y-1, z.

Table S20 — Hydrogen bonds in 4 (A, deg)®

O7_H10...02xxxiii
Olw—H2w---N3
N1=H1N---N4xxxiv
N2-H2N--06
O2W-H2WA-0 125
O2W-H3W-- .O3xxxiii
O2W-H4W-- N2 xxxvii

d(D-H)
0.860
0.860
0.860
0.860
0.857
0.857
0.860

d(HA)
2.193
2.266
2.409
2218
2.577
2.008
2.115

d(D-A)
2.988
2.692
3.240
3.032
3.055
2.747
2.761

153.67
110.66
162.63
158.10
116.31
143.94
131.52

3D = donor and A = acceptor. "Symmetry code: (xxxiii) = -x, -p+1, -z+1; (xxxiv) = x-1, y, z;
(xxxv) = -x, y+1/2, -z+1/2; (xxxvi) = -x+1, -y+1, -z; (xxxvii) = -x+1, -y+1, -z+1.
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Table S21 — Selected magneto-structural data of tetrahedral cobalt(Il) complexes
[Co(AA)X,] (AA = didentate N-donor and X = halide)>"

Compound CoN,X, Co-N/A  Co-X/A  ¢yP ON/° D/ E/ Ref
cm™! cm™!

Pre-1 {CoN,Cl,} 2.062 2.234 118.46 117.73 +6.7 +0.98 This
2.028 2.250 work

[Co(dmphen)Br,] {CoN,Br,} 1960 2344 11559 845  +10.62 —0.011 2
2.021 2.370

[Co(bep)Cl] (CoN,CL}  2.037 2211 11999 81.64 —-5.62 3

[Co(bep)Br;] {CoN,Br,} 2.039 2.331 120.77  81.86 —6.62 - 3

[Co(bep)l,] (CoN, L} 2030 2524 12169 8213 —6.72 3

[Co(biq)CL] (CoN,CL!  2.034 2223 11737 8170 +105 0 4

[Co(biq)Br,] (CoN,Br,}  2.033 2256  117.86 8190 +12.5 0 4

[Co(big)L,] {CoN, L} 2031 2538 11829  83.13  +10.3 4.1 4

aAbbreviations of the ligands: dmphen = 2,9-dimethyl-1,10-phenanthroline), bep = bathocuproine
4,7-diphenyl-2,9-dimethyl-1,10-phenanthroline and biq = 2,2’-biquinoline.
bpx and @y represent the X—Co—X and N-Co-N bond angles, respectiveky.

Table S23 — Cole-Cole parameters obtained and used to reproduce the Argand plots of 3

/'K  yr/cm3mol™  y;/cm?mol™! 7 x 10%'s oy x>/ cm3 mol! 7, X 10%/s 0

2.75 0.13 0.23 11.2 0.22 0.19 4.09 0.26
3.00 0.13 0.23 9.41 0.25 0.16 3.26 0.23
3.25 0.12 0.20 8.54 0.22 0.16 3.06 0.27
3.50 0.10 0.17 7.63 0.18 0.17 2.85 0.31
3.75 0.10 0.16 6.93 0.17 0.16 2.69 0.33
4.00 0.09 0.15 6.08 0.17 0.15 2.43 0.33
4.25 0.09 0.14 5.38 0.16 0.14 2.28 0.33
4.50 0.09 0.14 4.69 0.17 0.13 1.94 0.32
4.75 0.08 0.14 4,11 0.19 0.12 1.69 0.33
5.00 0.08 0.13 3.68 0.17 0.11 1.67 0.31
5.50 0.08 0.12 3.00 0.16 0.09 1.65 0.31
6.00 0.08 0.11 2.41 0.15 0.08 1.59 0.28
6.50 0.08 0.08 1.99 0.09 0.10 2.50 0.30
7.00 0,08 0.08 1.53 0.08 0.06 1.86 0,20
7.50 0.08 0.08 1.03 0.05 0.06 1.58 0.16
8.00 0.07 0.06 0.645 0.00 0.08 1.48 0.24
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Table S24 — Cole-Cole parameters obtained and used to reproduce the Argand plots for 4

T/K xs/cmdmol™!  ys/cm?mol™! 7;x105/s A
4.0 0.34 0.46 4.38 0.17
4.5 0.31 0.42 3.81 0.15
5.0 0,28 0.39 3.24 0.13
5.5 0.26 0.36 2.71 0.11
6.0 0.24 0.33 2.27 0.09
6.5 0.23 0.31 1.75 0.09
7.0 0.21 0.29 1.39 0.08
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Table S22- Selected dc magnetic of six-coordinate octahedral cobalt(Il) complexes*

Compound o/ cmt A em™t v/ cm?t AL A ufecm? g D/cm™  E/cm™ zJ/em™ Ref
1 (Col1-Co4) -0.8 —-145 -172.4 -331.0 - - This work

(Co5-Cob6) -1.5 -180 -84.6@  -571.1 - -
2 (Col1/Co2) 2.6/2.2 22.3/22.3 2.1/1.0 -0.02 This work
3 —-0.98 —180 —145 —417.8 3.8® —0.11 This work
4 (Col/Co2) 2.57 54 2.8 -0.02 This work
cis-[Co(hfac),(H,0),] 1.34© -147.2 -499.7 136.3 5
[Co(dca),(bim),] -1.18©@ -132.0 -416.3 6
[Co(dca),(bim),], -1.16© -134.1 -402.7 6
[Co(dca),(bmim),], -1.24© -134.0 -605.8 6
[Co(dca),(atz);], -1LI8(H)©@  -125(1) -509(10) 7
[Co(ppad)z]. -1.48(H)©  -147(1) -428(5) 2.46 76 6.5 8
[Co(CH;COO)s(py)2(H,0)1] -1.5© -170 279 109 9
[Co(pydm),](dnbz), 0.61© -187 -585 10
[Co(CH;COO0),(H,0),(Melm),] -1.38©@ -171.7 503 11
TBA,[Co,(Hympba);]-2dmf:5H,0 0.99 -128 -391 12
(HNEt;),[Co,(Hympba);]-6dmf- 5H,O 0.76 -179 -565 12
(HNEt3),[Co,(Hompba);] 0.79 -168 -494 12
cis-[Co(dmphen),(NCS),]-0.25EtOH 1.225© -165.8 493 22.5 2.78 98 8.4 13
trans-[Co(acac),(H,0),] 2.5 57 18 14
trans-[Co(abpt),(tcm);] 2.46 48 13 15
[Co(u-L1)(u-CH3;CO0)Y(NOs)] 1.421© -109.2 645.5 -55.8 2.503 42 2 16
[Co(bzpy)4Cl,] 2.527 106 17
[Co(bzpy)4(NCS),] 2.525 90 17
[Co(dppm©©);][CoBry] 2.2 147 18

2.41 12.3

a-[Co(3,5-Hdnb),(py).(H,0),] 2.7 58 0.1 19
B-[Co(3,5-Hdnb)(py)»(H20),] 2.42 68 15 19
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*Abbreviations of the ligands: hfac = hexafluoroacetylacetonate, dca = dicyanamide, bim = 1-benzylimidazole, bmim = 1-benzyl-2-methylimidazole, atz = 2-amino-

1,3,5-triazine, ppad = N*-(3-pyridoyl)-3-pyridinecarboxamidrazone, pydm = 2,6-pridinedimethanol, dnbz = 3,5-dinitrobenzoato(1-), MeIlm =1-methylimidazole,

Et;N[Co(hfac)] 1110 -180 42829  90.34 2.48 118 10
[CoMCo(H,L2),(Cl)(H,0)](H,0)s -1.40 -89 339
[CoMCo(H,L2),(Br)(H,0)](H20)a -1.36 114 -560
[CoMCo(H,L2),(NO;)(H,0)](H,0); -1.43 113 547
[Co"Co(H,L2),(CH;COO)(H,0)] -1.49 -176 711 44
[Co,Colly(L?)4(CH;CO0),(MeOH),]-E,0 -1.18 57 351
{[Co"(L#),][Co"(bpy)»]C104 H,0} -1.27 -162 488
{[Co"(L#),][Co"(phen),]C10, H,01 . 123 -165 472
{[Co(L3),][Co"(bpy)(MeOH),]C10, H,0} 121 172 473
[{Co(u-LE)Y(NO;)}»(1-CO3),]-2MeOH-2H,0 1.5 -105 -661

19
20
20
20
21
22
23
23
23
24

Hympba = 1,3-phenylenebis(oxamisc acid), dmphen = 2,9-dimethyl-1,10-phenanthroline, acac = acetylacetonate; bpt = 4-amino-3,5-bis(2-pyridyl)-1,2,4-triazole, tcm =

tricyanomethanide anion; H,L! = N,N’,N " ’-trimethyl-N, N ’-bis(2-hydroxy-3-methoxy-5-methylbenzyl)-diethylenetriamine, bzpy = 4-benzylpyridine, dppm©-C =
bis(diphenylphosphanoxido)methane, 3,5-Hdnb = 3,5-dinitrobenzoic acid; py = piridine; HyL?= 2-[ {(2-hydroxy-3-methoxyphenyl)methylene } amino]-2-
(hydroxymethyl)-1,3-propane-diol, H,L? = 2-0xo-quinoline-3-carbaldehyde; H,L* = N-salicylidene-L-alanine, H,L° = N-salicylidene-L-phenylalanine, bpy = 2,2'-
bipyridine ; phen = 1,10-phenanthroline and H,L® = N,N',N"-trimethyl-N, N"-bis(2-hydroxy-3-methoxy-5-methylbenzyl)diethylenetriamine).

@Co5 = Cob.

®Co1 and Co2.

(©Calculated values taking into consideration the Griffith-Figgis Hamiltonian.

@A, = 3520.

Table S25- Selected ac magnetic data of six-coordinate octahedral cobalt(II) complexes
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Compound To/ S Bpe/ T Ugy/ A/sTK: B/s'K» C/s'K"™ m n Effect Observ. Ref
cm-! 1
1 - -- - -- -- -- -- -- -- Easy axis This work
Anisotropy
2 - -- - -- -- -- -- -- -- Easy plane This work
anisotropy
3 1.3(0.1)x10"10@ 110(10) 105(1) @ 2.0(1) @ Orbach Easy axis This work
@ Anisotropy
54(9)x10? 1.5(0.1) ® Bottleneck
(b)
4 61(2)x10? 0.4(4) 6.0(6) Direct Easy plane This work
anisotropy
Raman
cis-[Co(hfac),(H,0),] 0.1 7225.7 106.4 4.9 Direct Easy axes 5
anisotropy
Raman
[Co(dca),(bim)4] 0.87 x 10 0.25 7.74 Orbach Easy axes 6
anisotropy
[Co(dca),(bim),], 1.54x 10 0.25 5.33 Orbach Easy axes 6
anisotropy
[Co(dca),(bmim),], 0.63x 10° 0.25 13.81 Orbach Easy axes 6
anisotropy
[Co(dca),(atz);], 1.7x 10 0.1 5.1 Orbach Easy axes 7
anisotropy
[Co(ppad),], 5.03 x 10°¢ 0.2 11.37 Orbach Easy axes 8
anisotropy
[Co(CH;3CO0),(C,H5N),(H,0),]© 6.7x 107 0.15 25.0 Orbach Easy axes 9
anisotropy
Tunneling
[Co(pydm),](dnbz),] 2.8(4) x 10°@ 0.2 44.1(8) 72(28) @ 2.3@ Raman Easy axes 10
@ anisotropy
Orbach
[Co(bzpy)4Cl,]@ 0.4 4.16 5 Raman Easy plane 17
Tunneling anisotropy
[Co(bzpy)4(NCS),] 1.2x10° 0.2 22.9 1.19x 104 2 Bottleneck Easy plane 17
Orbach anisotropy
a-[Co(3,5-Hdnb),(py)-(H,0),] 0.1 14(10) 0.64(5) 6.45(4)  Direct Easy plane 19
Raman anisotropy
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B-[Co(3,5-Hdnb),(py)-(H,0);]

Et;N[Co(hfac)s] 6.4(9) x 100 @
9(5) x 106 ®

[CoColl(H,L2),(CI)(H,0)] - 4H,0 6.1x 10

[CoMCol(H,L2),(Br)(H,0)] - 4H,0 1.0x 10°

[CoMColl(H,L2),(NO5)(H,0)] -3H,0

[CoCol(H,L2),(CH;CO0)(H,0)] 7.1(9) x 106 ®)
3.2(7) x 10-6®
0.54(49) x 106 ®

[Col,Collly(L3),(CH;CO0),(MeOH),]-Et,O 5.5x 10

[{Co(u-L)Y(NO3)}2(u-CO3)2]- 2MeOH - 2H,0

0.1

0.1

0.1

0.1

0.1
0.2
0.4

0.1

0.025
0.2

20.6(5) @
18(2) ®

7.1

14.5

16.1(7) ®
18.0(10)
(b)
24.4(39)
(b)

68.8

139(44) 0.28(4)

96.3 @ 2.2(2)
1420 ®

100(20) ®
368(32) ®
366.08(23) ®

2.6(3)

0.00014
0.005

7.07(7)

6

6.7(3)

1.16
2.18

Direct
Raman
Direct
Raman
Orbach
Orbach

Orbach

Direct
Orbach

Raman
Orbach
Raman

Easy plane
anisotropy
Easy plane
anisotropy

Easy plane
anisotropy
Easy axes

anisotropy
Easy plane
anisotropy
Easy axes

anisotropy

Easy plane
anisotropy
Easy axes

anisotropy

20

21

21

21

22

23

25

Hfac = hexafluoroacetylacetonate, dca = dicyanamide, bim = 1-benzylimidazole, bmim = 1-benzyl-2-methylimidazole, atz = 2-amino-1,3,5-triazine, ppad= N*-(3-
pyridoyl)-3-pyridinecarboxamidrazone, pydm = 2,6-pyridinedimethanol, dnbz = 3,5-dinitrobenzoato(1-), Melm =1-methylimidazole, bpt = 4-amino-3,5-bis(2-pyridyl)-

1,2,4-triazole, tem = tricyanomethanide anion, bzpy = 4-benzylpyridine, 3,5-Hdnb = 3,5-dinitrobenzoic acid, py = piridine, H4L?= 2-[ {(2-hydroxy-3-

methoxyphenyl)methylene}amino]-2-(hydroxymethyl)-1,3-propane-diol, H,L? = 2-0x0-quinoline-3-carbaldehyd and H,L¢ = N,N',N"-trimethyl-N, N"-bis(2-hydroxy-3-

methoxy-5-methylbenzyl)diethylenetriamine).
@ Low frequency, ® High frequency.:

© ToT™M — 0.011 s.

@ TQTM ™ 2.63 x10%s.
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