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Materials and Methods:

All chemicals were of reagent-grade quality and used without further purification. Nickel (IT)
chloride was purchased from TCI chemicals, whereas 1,3,5-Tris(4-carboxyphenyl)benzene (BTB)
and 1,2-bis (4-pyridyl) ethane (BPE) were purchased from Sigma-Aldrich. N, N'-

dimethylformamide [DMF] and milli-Q water as solvents used for synthesis.

The single crystal diffraction data were collected using Bruker AXS Smart Apex CCD
diffractometer at 150 K. The data were reduced using SAINTPLUS' and an empirical absorption
correction was applied using the SADABS program.? Crystal structure was solved by direct
methods using SHELXS2018 and refined using SHELXL.2018 present in the SHELXTL V6.14.3
Full-matrix-least-squares structure refinement against F> was carried out using the WINGX*
package of programs. Powder X-ray diffraction data were collected using an X’pert PRO
(PANalytics) powder diffractometer equipped with Cu K, radiation (1.5405 A). IR spectra were
recorded from prepared KBr pellets, using IR prestige-21 (Shimadzu) spectrometer. The TGA was
performed on SDT Q600 (Shimadzu) analyzer, gas sorption measurements were carried out on a
Micromeritics 3Flex gas sorption analyzer. EPR analysis were carried out using Bruker Ems EPR

spectrometer, frequency is 9.43 GHz, 2,2-diphenyl-1-picrylhydrazyl (DPPH) used as reference.

Synthetic procedure for compound 1:

NiCl, (0.20 mmol), 1,3,5-Tris(4-carboxyphenyl)benzene (BTB) (0.05 mmol) and 1,2-bis (4-
pyridyl) ethane (0.10 mmol) were dissolved in 10 mL of solvent mixture (7 mL DMF + 3 mL
milli-Q water). This solution was sonicated for 5 min then transferred into a Parr Teflon-lined
vessel (23 mL). Then vessel was sealed in an autoclave and heated at 100 °C for 3 days in a

programmable oven. This reaction yield cyano-colored needle shaped crystals (compound 1).

Sample preparation for magnetic measurement:

The as-synthesized compound 1 (crystals) were washed thrice using 15 mL of Milli-Q water
then the sample was placed under vacuum about 12 h at room temperature for drying. The dried
sample was well ground using mortar and pestle. The powder sample was packed in a Teflon
sample holder which was then attached to the vibrating sample magnetometer (VSM) sample rod.

The whole assembly was inserted inside the VSM attachment to the PPMS for measurements.



Optical Band-Gap Measurements

The optical absorption spectra of 1 was collected on a Shimadzu UV/Vis/NIR
spectrophotometer. The room temperature diffuse reflectance spectra was measured using BaSO,
as a reference material and converted to a Kubelka—Munk function, from which the band gap of
the compound was estimated.’ This two-flux model, which considers only diffuse light, is used to
determine the absorption coefficient from a surface that both scatters and absorbs incident
radiation. For a crystalline solid with a band gap (Ey,), the frequency dependence (v) of the
absorption coefficient (k) can be approximated as

Br(hv-E, )"

k(v) = - O

where Br is a constant derived from the square of the averaged dipolar momentum matrix element
and n is equal to 0.5 and 2 for direct and indirect band gap transitions, respectively.’> The absorption
coefficient (k) can be measured from the reflectance (R) and expressed as k = (1 -R)?(2R). Using
the above equation, the band gap of a material can be obtained by extrapolating to zero with the

linear fit to a plot of (khv)!'/" vs hv.

Variable temperature electrical resistance measurement:

Variable temperature Electrical resistance was measured using Keithley 6517B electrometer with
Linkam temperature controller. Approximately 100 mg compound 1 was gently ground using
mortar and pestle then pelletized (0.6 mm thickness at 7-Ton pressure for 5 min). To make
contacts, either side of the pellet were coated with the silver paint. Then the pellet placed in
between the metal disks. Linkam temperature controller was used for temperature dependent

resistance measurements (3 cm distance between leads, 5V sourced and 1 °C/min ramp).
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Theoretical Studies of Band Structure Calculations:

To gain insight into the observed electronic structure calculations on the periodic solids were carried out
using the Vienna Ab initio Simulation Package (VASP) code.®” The atomic structures were derived from
the experimental X-ray diffraction data, and then the crystal structure was corrected using the identity of
the reactants. A plane wave basis with an energy cutoff of 400 eV was used.” We used only the gamma
point due to the large size of the unit cells, and for exchange and correlation functional, we used a
generalized gradient approximation (GGA) functional as proposed by Perdew, Burke, and Ernzerhof
(PBE).® The theoretical studies on the linker molecules were carried out using ADF.” The TZ2P basis was

used with a small core.

Computational Methods:

The magnetic calculations were performed using spin polarized density functional theory (DFT) method as
implemented in the SIESTA package.!? Generalized gradient approximation (GGA) in the Perdew—Burke—
Ernzerhof (PBE) form'! has been considered to take the exchange—correlation interactions into account. We
have used double-zeta-polarized (DZP) numerical atomic-orbital basis sets and norm-conserving pseudo-
potentials'? in the fully nonlocal Kleinman—Bylander form for all the atoms.!> We have used a mesh cut-

off value of 400 Ry. 20 A vacuum has been used in all three directions to avoid any spurious interactions.

For Optical properties, we have used TD-DFT methods as implemented in Gaussian 09 package.'* We have
used the CAM-B3LYP functional which is the long-range corrected version of B3LYP!® and employs the
Coulomb-attenuating method. We have used the 6-31+g (d) basis set for all the atoms except Ni, for which
we used LANL2DZ pseudo potential based approach. We have considered 12 lowest lying excited states

for all the calculations.
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Single Crystal X-ray Diffraction Analysis:

Table S1: Single crystal parameter for compound 1

Parameters Compound 1
Chemical formula Nij 50 Cs7 Ng O10.5 Hag
Formula weight 1066.02
Crystal system Monoclinic
Space Group P2,/n
a(A) 8.6003 (2)
b(A) 18.6486 (5)
c(A) 34.7689 (9)
a(®) 90
B(°) 96.7110 (10)
YC) 90
Volume (A3%) 5538.2
Z 4
Temperature (K) 150
Calculated density (g/cm?) 1.279
0 range (°) 2.359 t0 28.324
Absorption coefficient (mm!) 0.577
Reflections collected 51299
Unique reflections 13628
Goodness-of-fit 0.994
Number of parameters 689
Final R indices [I > 2sigma(l)] R;=0.0695, wR,=0.1872

IR, = X||Fo| - |Fdll/ ZIFol; wRy = {[wW(Fy? - Y [WFP 135 w = 1/[0*(Fo)* + (aP)? + bP];
P = [max(F%,0) + 2(Fo)?)/3; a=0.1293 , b = 0.0000



Table S2: Selected bond lengths of compound 1:

Compound 1 Bond Length (&)
Ni(1)-0(2) 2.056(2)
Ni(1)-0(3) 2.064(2)
Ni(1)-0(1) 2.075(2)
Ni(1)-N(3) 2.095(3)
Ni(1)-N(2) 2.101(3)
Ni(1)-N(1) 2.12903)
Ni(2)-N(4) 2.077(3)
Ni(2)-0(5) 2.089(2)
Ni(2)-0(6) 2.105(2)

Ni(2)-N(4)#1 2.077(3)

Ni(2)-0(5)#1 2.089(2)

Ni(2)-0(6)#1 2.105(2)

Symmetry transformations used to generate equivalent atoms: #1 -x+3,-y,-z



Topos for compound 1:

HHHHH

1:C57 H41 N6 Ni1.50 010.50

HHHHHHHHHHHH AR

Topology for Nil

Atom Nil links by bridge ligands and has

Common vertex with R (A-A) f

Nil 1.4551 0.2328 0.2210 (100) 8.600A 1
Nil -0.5449 0.2328 0.2210 (-100) 8.600A 1
Ni2 1.5000 0.0000 0.0000 (100) 13.220A 1
Ni2 0.5000 1.0000 0.0000 (010) 16.266A 1
Ni2 1.0000 -0.5000 0.5000 (1-10) 17.093A 1
Nil -0.0449 0.2672 -0.2790 (-10-1) 17.426A 1
Nil 0.9551 0.2672 0.7210 (000) 17.426A 1
Topology for Ni2

Atom Ni2 links by bridge ligands and has

Common vertex with R (A-A) f

Nil -0.5449 0.2328 0.2210 (-100) 13.220A 1
Nil 1.5449 -0.2328 -0.2210 (200) 13.220A 1
Nil 0.4551 -0.7672 0.2210 (0-10) 16.266A 1
Nil 0.5449 0.7672 -0.2210 (110) 16.266A 1
Nil -0.0449 -0.7328 -0.2790 (-1-1-1) 17.093A 1
Nil 1.0449 0.7328 0.2790 (100) 17.093A 1
Structural group analysis

Structural group No 1

Structure consists of 3D framework with Ni3014N8C102H82
Coordination sequences

Nil: 12 345 6 7 8 9 10

Num 73095203 332502 682 921 1147 1466



Cum 838133336668 1170 1852 2773 3920 5386

Rad 14.1(4.0) 22.8(6.5) 30.8(9.1) 41.1(10.9) 52.5(12.4) 64.7(14.4) 76.1(16.5) 88.1(18.8) 99.4(21.3)
111.4(23.7)

Cmp Ni7 Ni30 Ni95 Ni203 Ni332 Ni502 Ni682 Ni921 Ni1147 Nil466
Ni2212 345 6 7 8 9 10

Num 630100 204 344 494 706 900 1188 1430

Cum 737137341685 1179 1885 2785 3973 5403

Rad 15.5(1.8) 22.3(6.7) 29.9(9.5) 41.0(10.7) 52.8(12.0) 64.5(14.2) 76.5(16.2) 87.9(18.8) 99.9(21.0)
111.2(23.7)

Cmp Ni6 Ni30 Ni100 Ni204 Ni344 Ni494 Ni706 Ni900 Ni1188 Ni1430

TD10=5391

Vertex symbols for selected sublattice

Nil Point symbol: {342.475.5/5.6"8.7}

Extended point symbol: [3.3.4.4.4.4.4.6.5.6(2).6(2).6(3).5.5.5.5.6(7).6(8).6(2).7(3).6(2)]
Vertex symbol: [3.3.4.4.4.4.4.6.6(2).6(2).6(2).6(3).6(4).6(5).6(5).6(5).6(7).6(8).7(3).8(3).*]

All rings (up to 8):
[3.3.4.(4,6).4.(4,6,7(3),8).(4,8(2)).6.6(2).6(2).(6(2),7(5),8(3)).(6(3),7(2)).(6(4),8).(6(5),8).(6(5),7(4),8(2)).(6(
5),7(3),8).(6(7),7).(6(8),7(7),8(2)).(7(3),8).8(3).*]

Cycle sequence

Size3 456 7 8

Num 251162181767

Ni2 Point symbol: {342.472.52.6"9}

Extended point symbol: [3.3.4.4.6(2).6(2).6(2).6(2).6(2).6(2).6(3).6(3).5.5.6(8)]
Vertex symbol: [3.3.4.4.6(2).6(2).6(2).6(2).6(2).6(2).6(3).6(3).6(6).6(6).6(8)]
Cycle sequence ; Size 345 6

Num 22648

Point symbol for net: {342.472.522.679} {322.475.5"5.6"8.7}2

6,7-c net with stoichiometry (6-c)(7-c)2; 2-nodal net



Figure S1. Rectangular ring structure present in compound 1.



Figure S2. Different modes of BPE connectivity in compound 1.



Figure S3. Two-dimensional kagome connectivity between BTB and Ni atoms in a single layer.



Powder X-ray diffraction data:
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Figure S4a. Experimental and simulated PXRD pattern of compound 1.
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Figure S4 (b) PXRD pattern of compound 1 at different temperatures in vacuum condition

Note: To know the stability of compound 1, we have activated the sample at different temperatures in
vacuum. PXRD pattern clearly confirms that the compound 1 is stable till 100 °C, further heating leads to
framework collapse.



Fourier Transform Infrared Spectroscopy (FT-IR) Analysis:

FT-IR of the compound 1 was taken from IR prestige-21 FTIR spectrometer with wavenumber
ranging from 500 cm! to 4000 cm!. The peaks at the wavenumber 1674 cm!' and 1388 cm™! are
due to stretching frequency of C = O (carboxylic acid group) and C = C (aromatic ring)
respectively. The broad peak at the wavenumber 2800 - 3600 cm™! is due to -OH stretching band

from the coordinated water molecules.
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Figure SS. FT-IR spectra for compound 1.



Thermogravimetric Analysis:

TGA of compound 1 was performed under nitrogen atmosphere in the temperature range from 25

- 900 °C. TGA graph shows that compound 1 is stable up to 100 °C.
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Figure S6. TGA graph for compound 1.



Gas sorption studies:

Gas sorption measurements were carried out on a Micromeritics' 3Flex gas sorption analyzer.
Ultra-high purity N; (99.99 %) was used in the sorption experiments. Before gas sorption
measurement around 70 mg as synthesized sample was activated at 373 K overnight under

dynamic vacuum.
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Figure S7. N, - adsorption isotherm for compound 1.

Relevant data for BET fit of the N, adsorption isotherm:

BET Surface Area 11.1880 m?/g
Pore Volume 0.01690 cm3/g
P/Po 5.1679 m?/g
Adsorption cumulative 6.442 m?*/g
surface area
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Figure S8. EPR spectrum for compounds 1.
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Figure S9. Temperature dependent real (y’) and imaginary () of the AC
susceptibility measured at different frequencies.



Band Gap Energy:

The diffuse reflectance spectra of the powder sample of compounds 1 was collected in order to
measure the optical band gap energy (E.,). The optical band gap energy was confirmed as the
intersection point between the energy axis and the line extrapolated from the linear portion of the
absorption edge in a plot of Kubelka-Munk function vs energy. Optical band gap energy value is
1.69 eV for compound 1.
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Figure S10. Tauc plots showing the optical-band gap energy for compound 1.



Figure S11. The optimized structures of the compound 1 for the calculation of optical-band gap
energy.



Lambda max is at 815 nm =1.52 eV
But there is a small peak at 1252 nm = 0.99 eV (optical gap)

This 1is calculated from this

molecular fragment:
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Figure S12. (a) Molecular Fragment, where we calculate the optical absorption spectra
theoretically. (b) Theoretically predicted absorption spectra of compound 1.



Fitting range: T=298 K - 323 K
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Figure S13. In R vs. 1/T plot. The red straight lines are linear fits to the data between 298 and
323 K.



