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Crystallographic Data Collection and Structure Refinement

X-ray diffraction analysis was carried out on a Bruker Apex-II CCD diffractometer (graphite
monochromator, MoKa radiation, A = 0.71073 A). An absorption correction was applied empirically
using the SADABS program [1] and all structures were solved using the SHELXT program [2]. All
nonhydrogen atoms were localized from the difference Fourier maps and refined by F?,, using
OLEX? 1.5 and SHELXL programs [3-4]. All nonhydrogen atoms were refined in anisotropic
approximation. Hydrogen atoms of methyl and water fragments were calculated according to the
idealized geometry and refined with constraints applied to C—H and O—H bond lengths and equivalent
displacement parameters (Uiso(H) = 1.2U¢o(C); Uiso(H) = 1.5U¢¢(O)). In complexes 3 the difference
map also shows the presence of severely disordered solvent molecules. In the unit cell the volume is
93.9 A3 for an electron count of 35.1 which corresponds to 3.5 water molecules. This was removed
by using SQUEEZE option in PLATON [5]. For complex 4, extinction was additionally taken into
account, the coefficient is 0.0559(18).

CCDC numbers 2161741 (1), 2161742 (2), 2161732 (3), 2161733 (4) contain the supplementary
crystallographic data for the compounds reported. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre. Crystallography parameters and refinement details are
given n Table S1.



Table S1. Crystallography parameters and refinement details.

parameters 1 2 3 4

formula {[Na,Ni(cpdc)2(H,0)6]4H 04, {[KeNiz(cpde)s(H,0)10]-8H,0},  [RbgNiz(cpde)s(H0)12]-5.5H,0%,  [CsoNi(epde)2(H20)s],
brutto formula CioH2gNa,NiOq5 C;30HgoKgN1304, C30H59oN1304; sRbg C10H24Cs,NiO4

M, g/mol 541.01 1503.51 1772.72 724.82

temperature, K 120 184.15 120 296.15

crystal system

space group

unit cell

parameters

volume, A3
D, g/cm?

p (mm-')

a=5.5034(7) A
b=28.4085(11) A
c=11.8303(15) A
a=81.350(2)°

B =87.308(2)°

v = 83.679(2)°
537.68(12)

1.671

1.027

a=10.2896(18) A
b=12.302(2) A
c=12.7192) A
a=175.425(3)°

B = 66.665(2)°

vy =78.791(3)°
1422.5(4)

1.755

1.529

triclinic, P1

a=10.5074(11) A
b=12.4178(13) A

¢ = 12.4907(13) A

a=78.142(2)°
B =66.982(2)°
y=178.702(2)°
1455.9(3)
2.022

6.047

a=52628(2) A
b=10.5543(4) A
c=10.7212(4) A
a=114.6160(10)°
B =92.6790(10)°
y=101.051(2)°
525.98(3)

2.288

4.407



Tnin/ Tinax
F(000)

0 range,°
reflection
collected/
unique/[[>20(1)]
Rint

goodness-of-fit

R [I> 26(])]

R [all data]

0.4876/0.7461
282

1.742-30.624

7283/

3254/3109

0.0260

1.168
R;=0.0393
wR, =0.1086
R; =0.0406

wR, =0.1092

0.5506/0.7461
774

1.720-28.282

14737/

7002/5520

0.0309

1.043
R;=0.0423
wR, = 0.0948
R;=0.0568

wR, =0.1012

0.5108/0.7465
877

1.690-30.647

26265/

8965/7751

0.0254

1.038
R;=0.0210
wR, = 0.0496
R; =0.0280

wR, =0.0517

0.4821/0.7471
350

2.182-35.915

7897/

4207/3636

0.0293

1.038
R;=0.0318
wR, =0.0639
R; =0.0400

wR, =0.0673




Powder X-ray diffraction

The powder patterns (Fig. S1, S2) were collected on a Bruker D8 Advance diffractometer equipped
with variable slits, Ni filter (CuKa radiation) and 1D LynxEye detector. The patterns were obtained
in the reflection mode (Bragg-Brentano geometry) with the sample rotation, step size 0.02° 26.

The patterns were refined using the Rietveld approach in TOPAS 5 software.
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Figure S1. Rietveld fit (red line) of powder pattern of 2 (blue line) and their difference (grey line).
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Figure S2. Rietveld fit (red line) of powder pattern of 3 (blue line) and their difference (grey line).



The geometry of the coordination environment of metal atoms was calculated using the SHAPE

program [6], based on the analysis of X-ray diffraction experimental data.

Table S2. Atom polyhedral of Ni'' and alkali metals and their deviations from ideal geometry

(CShM).
1 2 3 4
Nil 0C-6 [0.114] OC-6[0.016] 0C-6 [0.021] 0C-6[0.110]
Ni2 0C-6[0.128] 0C-6 [0.126]
M'l 0C-6 [2.543] TPR-6 [3.373] COC-7[3.427]  JSPC-10[7.559]
M2 CTPR-7 [3.599] BTPR-8 [2.855]
M3 TBPY-5 [11.826] COC-7 [8.736]

OC-6 — octahedron; PPY-6 — pentagonal pyramid; TPR-6 — trigonal prism; COC-7 — capped octahedron; BTPR-8

biaugmented trigonal prism; JSPC-10 — sphenocorona

Table S3. Symmetry group distortion for polyhedra for complexes 2-3.

2 3
Nil Ni2 Nil Ni2
On 0.0160 0.0846 0.0177 0.0818
Dap 0.0088 0.0818 0.0070 0.0749
Don 0.0089 0.0812 0.0050 0.0753
Dyg 0.0088 0.0860 0.0085 0.0655
Cay 0.0073 0.0776 0.0085 0.0823

Cyy 0.0096 0.0721 0.0055 0.0696




Methods of Underlying Topology Analysis

Topological characteristics of coordination compounds are important in designing new
networks and searching for ‘structure-properties’ correlations [7-10]. This approach has been used
to design magnetic coordination compounds [11]. The main computational tools for topological
analysis have been implemented in program package ToposPro [12]. Underlying topology of a
crystal structure can be described by simple connected periodic graph which nodes represent
bodycenters of building units (coordination centers, ligands, complex groups, counterions,
clathrate molecules), and edges represent interactions between them (covalent, H-bonding,
halogen bonds, columbic, magnetic, etc.). Such a graph is called an underlying net, and the choice
of building units and interactions between them determines the topological representation of the
structure [13-16].

A net of coordination bonds and ionic interactions ensures the connectivity of metal
coordination centers, ligands and counterions: each component is represented by a node of
simplified net, and a pairwise bond or the interactions between them are represented by an edge of
simplified net. In the net of ionic interactions, the complex ion and counterion are represented as
nodes and the pairwise interactions between them are represented as edges. In the net of ionic
interactions and H-bonds, additional edges are related to H-bonds and additional nodes are related
to H-bonded clathrate molecules and molecular ions. The net of magnetic interactions considers
only paramagnetic centers as nodes. An edge is established between two paramagnetic centers if
solid angle value of Voronoi face is larger than 1.5%. Voronoi polyhedra in this case are
constructed only for paramagnetic centers both as central atoms and atoms of the environment,
while all other atoms are ignored for this construction. Therefore, the net of magnetic interactions
represents the topology of pairwise interactions for the nearest paramagnetic centers in crystal
space.

The analysis of structural correlations becomes more efficient with involving all known
structures of the type under consideration. The best source of crystal structure data for coordination
compounds is Cambridge Structural Database (CSD) [17-18]. Automatic analysis of numerous
crystal structures from CSD (release of November 2022) with ToposPro shows the variety of their

topologies.



Magnetic Susceptibility Measurements

The magnetic susceptibility measurements of complexes 2 and 3 were investigated on a
Quantum Design PPMS-9 magnetometer. For the temperature range was 2-300 K in constant
external magnetic field 5000 Oe. All studies of magnetic behavior were carried out on
polycrystalline milled samples sealed in plastic bags and frozen in mineral oil to prevent crystallite
orientation under the influence of a magnetic field. The paramagnetic component of the magnetic
susceptibility () was determined taking into account both the diamagnetic contribution of the
sample itself, estimated from the Pascal constant, and the diamagnetic contributions of the mineral

oil and the holder.

Quantum chemical calculations

Ab initio (post Hartree-Fock) calculations of ZFS parameters and g-tensor were performed based
on state-averaged complete-active-space self-consistent-field (SA-CASSCF) wave function, [19]
complements by N-electron valence second-order perturbation theory (NEVPT2) [20], using the
ORCA program package (version 5.0.1) [21]. The calculations were performed with the geometry
of the experimentally determined X-ray structures. The active space of the CASSCF calculations
was composed of eight electrons in five d-orbitals of Ni%* ions (S = 1): CAS(8,5). The state-
averaged approach was used, in which all 10 triplets and 15 singlets states were averaged with
equal weights. The polarized triple-3-quality basis set def2-TZVP was used for all atoms [22]. An
auxiliary def2/JK Coulomb fitting basis set was used in the calculation [23]. ZFS parameter, based
on dominant spin-orbit coupling contributions from excited states, was calculated using quasi-
degenerate perturbation theory (QDPT) [24], in which an approximation to the Breit-Pauli form
of the spin-orbit coupling operator (SOMF) [25] and an effective Hamiltonian approach are
examined [26]. The splitting of the d-orbitals was analysed within the ab initio ligand field theory
(AILFT) [27-28]. Five separated d-orbitals are described as linear combinations of the d-orbitals.

Splitting is presented based on the largest coefficients for each orbital.
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Figure S3. Orbital energies computed for the ground state of 2 and 3, using CASSCF/NEVPT?2.

The arrangement of the orbitals corresponds to the largest contribution.

Table S4. CASSCF/NEVPT?2 calculated relative energy (cm™') and type of 3d-orbitals for each

Ni%* ion in complexes 2-3.

Complex 2
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