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Experimental Section

Details of instrumentation

Elemental analysis (carbon, hydrogen and nitrogen) was performed using a
PerkinElmer 240C elemental analyser. IR spectrum in KBr (4500-500 cm!) was recorded
with a PerkinElmer Spectrum Two spectrophotometer. Electronic spectrum in DMSO was
recorded on a PerkinElmer Lambda 35 UV-visible spectrophotometer. Steady state
photoluminescence in DMSO was obtained in Shimadzu RF-5301PC spectrofluorometer at
room temperature. Time dependent photoluminescence was recorded using Hamamatsu
MCP photomultiplier (R3809) and was analysed by using IBHDAS6 software. The emission
of the complex is tentatively attributed to the intra-ligand transitions modified by metal

coordination. Intensity decay profile was fitted to the sum-of exponentials series
1(t)= a,exp(/)

where a;was a factor representing the fractional contribution to the time-resolved decay
of the component with a lifetime of z; Mono-exponential function was used to fit the
decay profile for the complex, with obtaining x? close to 1. The intensity-averaged life

time (z,,) was determined from the result of the exponential model using
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where ag;and z;are the pre-exponential factors and excited-state luminescence decay time
associated with the /-th component, respectively. Magnetic data were recorded using a
SQUID magnetometer (Quantum Design MPMS-XL) over a temperature range of 1.8-300 K
in a 0.2T external field. Corrections for diamagnetism were made using Pascal's constants
and magnetic data were corrected for diamagnetic contributions from the sample holder.
Powder X-ray diffraction was performed on a Bruker D8 instrument with Cu K, radiation.
In this process, the complexes were ground with a mortar and pestle to prepare fine
powders. The powders were then dispersed with alcohol onto a zero background holder
(ZBH). The alcohol was allowed to evaporate to provide a nice, even coating of powder
adhered to the sample holder.

X-ray crystallography

A suitable crystal of the complex was picked, mounted on a glass fibre and
diffraction intensities were measured with an Oxford Diffraction XCalibur, Eos equipped
with Mo K, radiation (A = 0.71073 A. 50 kV, 40 mA) at 150 K. CrysAlisPRC program was used
for data collection and processing.5! The intensities were corrected for absorption using
the built in absorption correction method.52 The molecular structure was solved by direct
method and refined by full-matrix least squares on A using the WinGX3 software
equipped with SHELXL-97.5* Non-hydrogen atoms were refined with anisotropic thermal
parameters. Hydrogen atoms attached to oxygen atoms of methanol and water were
located by difference Fourier maps and were kept at fixed positions. All other hydrogen
atoms were placed in their geometrically idealized positions and constrained to ride on

their parent atoms. CCDC reference number 971883.



Theoretical methods

The theoretical study is devoted to the rationalization of the magnetic results. The
determination of J values was carried out using DFTS3 calculations (B3LYP/6-31+6*)¢
combined with the broken symmetfry approach using GAUSSIAN-09 program.>” The
magnetic coupling constants J of this system is described by the Heisenberg model, as
described above. For the nickel(IT) complex, the calculation of the Jvalues (J; and J2) has
been performed computing the difference between the energy values of the highest spin
(HS) state and the broken-symmetry (BS) state using the Yamaguchi® formula, J = (Egs -
Ens) / ((SPhs - (SP)es).

For the system studied herein DFT based wave functions have provided a
reasonable estimate of exchange coupling constants. It should be mentioned that the
widely and successfully used>® broken-symmetry DFT approach is not a unique methodology
to compute and interpret the magnetic properties in quantum chemistry. For instance, ab
initio methods based on difference dedicated configuration interactions® (e.qg.,
CASSCF/DDCI) give excellent results and offer the possibility to finely analyse the
mechanisms and origin of the magnetic properties, taking advantage of access to the wave
function of all spin states of interest. Moreover, for monometallic nickel(II) and
cobalt(IT) complexes with large magnetic anisotropy, it has been proposed a scheme to
extract both the parameters of the zero-field splitting (ZFS) tensor and the magnetic
anisotropy axes based on the effective Hamiltonian theory.5! Opposite to the typical
theoretical procedure of extraction, this method determines the sign and the magnitude
of the ZFS parameters in any circumstances. For instance, the energy levels provide
enough information to extract the ZFS parameters in nickel(II) complexes, however
additional information contained in the wave functions must be used to extract the ZFS

parameters of cobalt(IT) complexes.

The calculations of the noncovalent interactions were carried out using the

TURBOMOLES!2 version 7.0 using the BP86-D3/def2-TZVP level of theory. To evaluate the



interactions in the solid state, we have used the crystallographic coordinates. This
procedure and level of theory have been successfully used to evaluate similar
interactions.>!® The interaction energies were computed by calculating the difference
between the energies of isolated monomers and their assembly. The interaction energies
were corrected for the Basis Set Superposition Error (BSSE) using the counterpoise
method.5** Bader's "Atoms in molecules" theory has been used to study the interactions
discussed herein by means of the AIMAIl calculation package.5!> The MEPS calculations

have been performed by means of the SPARTAN software.5!6

Results and Discussion

IR and electronic spectrum

In the IR spectrum (Fig. S5, ESI) of the complex distinct band due to the
azomethine (C=N) group at 1631 cm! is routinely noticed.5!” The strong band at 1091 cm-!
gives evidence for the presence of ionic perchlorate.>® Strong bands at 2054 and 2078
cm?® in the IR spectrum of the complex indicates the presence of pi: and pi3 azides
respectively which are also evident from the crystal structure determination.>® A broad
band around 3444 cm! is assigned to the O-H stretching vibration of the coordinated

water molecule, which is involved in hydrogen bonding.52°

The electronic spectrum (Fig. S6, EST) of the complex in DMSO displays absorption
bands at 647 nm and 994 nm with a shoulder band at 893 nm. The first two bands are
assigned to the spin allowed ftransitions 3Ty (F) <« 3Ax(F) and 3Ty(F) <« 3Ax(F)
respectively, whereas the shoulder band is assigned as 'E4(D) « 3Az4(F).52! The higher
energy d-d band, 3Ty, (P) < 3Ax(F), is obscured by strong ligand to metal charge transfer
transition ~380 nm, which is characteristic of nickel(IT) complexes with Schiff base
ligands.>?2 The band ~260 nm may be attributed to intra-ligand m* « m fransition of the
Schiff base.>23



Photo-physical studies
The complex exhibits photoluminescence in DMSO medium at 424 nm on exciting at

380 nm. The mean lifetime (7,,) of the exited state is 11.31 ns at room temperature. The
lifetime decay profile of the complex is shown in Fig. S7, EST.

X-ray powder diffraction pattern

The experimental PXRD pattern of the bulk product is in good agreement with the

simulated XRD pattern from single crystal X-ray diffraction, indicating consistency of the
bulk sample. The simulated pattern of the complex is calculated from the single crystal
structural data (cif) using the CCDC Mercury software. Fig. S8 (ESI) shows the
experimental and simulated powder XRD patterns of the complex.
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N17
Fig. S1. Perspective view of the tetranuclear cationic unit with atom numbering scheme

showing only coordinated atoms and bridging azides.

Fig. S2. Perspective views of two pseudo dinuclear units of the complex with selective

atom numbering scheme. Hydrogen atoms and methyl groups have been omitted for clarity.
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Fig. S3. Perspective view of hydrogen bonding interactions of the complex with atom
numbering scheme. Only relevant atoms are shown. Symmetry transformation: ' = -1+x,y,-
1+z.
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Fig. S4. Reciprocal susceptibility (o) versus temperature for the complex. The solid red

line indicates the best fit to the Curie-Weiss law in the range 50-300 K.
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Fig. S5. Solid state (KBr pellet) IR spectrum of the complex.
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Fig. S6. Electronic spectrum of the complex in DMSO.
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Fig. S7. Time dependent photoluminescence decay profile of the complex in DMSO.
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Fig. S8. Experimental and simulated PXRD patterns of the complex confirming the purity

of bulk material.
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Table S1: Selected bond lengths (&) around nickel(II) for the complex.

Ni(1)-0(1) 2.014(2) Ni(3)-0(6) 2.034(2)
Ni(1)-0(3) 2.286(3) Ni(3)-0(10) 2.104(3)
Ni(1)-0(4) 2.028(2) Ni(3) - N(10) 2.141(4)
Ni(1) - N(1) 2.168(3) Ni(3) - N(11) 2.151(4)
Ni(1) - N(2) 2.027(3) Ni(3) - N(12) 2.060(3)
Ni(1) - N(5) 2.098(3) Ni(3) - N(15) 2.179(3)
Ni(2)-0(4) 2.040(2) Ni(4) - O(6) 2.040(2)
Ni(2)-0(5) 2.107(3) Ni(4) - O(7) 2.297(3)
Ni(2) - N(3) 2.172(4) Ni(4) - O(8) 2.013(2)
Ni(2) - N(4) 2.048(3) Ni(4) - N(13) 2.160(3)
Ni(2) - N(5) 2.164(3) Ni(4) - N(14) 2.020(3)
Ni(2) - N(8) 2.135(3) Ni(4) - N(15) 2.081(4)

Table S2: Selected bond angles (°) around nickel(IT) for the complex.

O(1) - Ni(1) - O(3) 82.23(10) O(6) - Ni(3) - 0(10) 88.88(11)
O(1) - Ni(1) - O(4) 87.06(10) O(6) - Ni(3) - N(10) 89.87(12)
O(1) - Ni(1) - N(1) 172.86(12) O(6) - Ni(3) - N(11) 173.70(13)
O(1) - Ni(1) - N(2) 87.02(11) O(6) - Ni(3) - N(12) 88.46(11)
O(1) - Ni(1) - N(5) 89.17(11) O(6) - Ni(3) - N(15) 79.00(11)
O(3) - Ni(1) - O(4) 74.99(10) O(10) - Ni(3) - N(10) 177.74(14)
O(3) - Ni(1) - N(1) 91.34(11) O(10) - Ni(3) - N(11) 92.36(14)
O(3) - Ni(1) - N(2) 101.44(12) O(10) - Ni(3) - N(12) 88.16(12)
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0(3) - Ni(1) - N(5)
0(4) - Ni(1) - N(1)
0(4) - Ni(1) - N(2)
0(4) - Ni(1) - N(5)
N(1) - Ni(1) - N(2)
N(1) - Ni(1) - N(5)
N(2) - Ni(1) - N(5)
0(4) - Ni(2) - O(5)
0(4) - Ni(2) - N(3)
0(4) - Ni(2) - N(4)
0(4) - Ni(2) - N(5)
0(4) - Ni(2) - N(8)
0(5) - Ni(2) - N(3)
0(5) - Ni(2) - N(4)
0(5) - Ni(2) - N(5)
0(5) - Ni(2) - N(8)
N(3) - Ni(2) - N(4)
N(3) - Ni(2) - N(5)
N(3) - Ni(2) - N(8)
N(4) - Ni(2) - N(5)
N(4) - Ni(2) - N(8)

N(5) - Ni(2) - N(8)

154.57(11)
94.29(10)
173.46(10)
80.74(10)
91.24(12)
97.97(12)
101.96(12)
87.46(12)
173.56(12)
88.88(12)
78.90(11)
91.69(14)
92.19(12)
88.19(12)
88.31(12)
177.75(13)
97.54(14)
94.67(13)
88.89(14)
167.43(13)
89.70(13)

93.58(13)

0(10) - Ni(3) - N(15)
N(10) - Ni(3) - N(11)
N(10) - Ni(3) - N(12)
N(10) - Ni(3) - N(15)
N(11) - Ni(3) - N(12)
N(11) - Ni(3) - N(15)
N(12) - Ni(3) - N(15)
0(6) - Ni(4) - O(7)
0(6) - Ni(4) - O(8)
0(6) - Ni(4) - N(13)
0(6) - Ni(4) - N(14)
0(6) - Ni(4) - N(15)
0(7) - Ni(4) - O(8)
0(7) - Ni(4) - N(13)
0(7) - Ni(4) - N(14)
0(7) - Ni(4) - N(15)
0(8) - Ni(4) - N(13)
0(8) - Ni(4) - N(14)
0(8) - Ni(4) - N(15)
N(13) - Ni(4) - N(14)
N(13) - Ni(4) - N(15)

N(14) - Ni(4) - N(15)

87.65(12)
89.09(15)
89.92(13)
93.96(13)
97.75(14)
94.88(14)
166.85(14)
74.17(9)
86.52(10)
95.22(11)
170.54(12)
81.19(11)
83.30(10)
91.55(11)
98.78(12)
154.41(10)
173.92(12)
86.38(11)
88.48(11)
91.22(12)
97.54(12)

104.86(13)



Table S3: Hydrogen bond lengths [A] and angles [°].

D-H---A D-H(A) DA (A)
O(5)-H(5C)-++0(12) 0.80 2.975
O(5)-H(5D)-++0(1) 0.76 2.593

0(10)-H(10A)-++O(14) 0.91 3.022
0(10)-H(10B)---0(8) 0.72 2.610

Hee-A (A)

2.19

1.85

2.17

1.95

ZD-H:++A ()
164
166
157

153

Symmetry Transformation: i= -1+x,y,-1+z. D = donor; H = hydrogen; A = acceptor.

Table S4: Geometric features (distances in A and angles in °) of the C-H-m interactions.

C-H--Cg(Ring) H--Cg (A)
C(1)-H(1A)-~Cg(16)' 2.80
C(2)-H(2C)Cq(15) 2.75

C(39)-H(39B)-Cq(16) 3.00
C(40)-H(40A)--Cg(13)i 2.97
C(41)-H(41B)Cg(14) 2.69

129

150

129

130

149

C-H-Cq ()

Symmetry Transformations: i = -x,1/2+y 1-z; i = 1-x,-1/2+y 2-z.

¢-Cq (A)
3.484(5)
3.612(H)
3.678(5)
3.664(7)

3.549(5)

Cg(13) = Centre of gravity of the ring R!3 [C(7)-C(8)-C(9)-C(10)-C(11)-C(12)]; Cg(14) =
Centre of gravity of the ring R4 [C(20)-C(21)-C(22)-C(23)-C(24)-C(25)]; Cg(15) = Centre
of gravity of the ring R!® [C(33)-C(34)-C(35)-C(36)-C(37)-C(38)] and Cg(16) = Centre of
gravity of the ring R6 [C(46)-C(47)-C(48)-C(49)-C(50)-C(51)] for the complex.
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