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Supporting Information

Instrumentation.

UV-vis spectra were recorded on a PerkinElmer UV/vis spectrometer. Infrared spectra were
recorded in the range of 4000-400 cm™! on a Vertex 70 Bruker spectrophotometer on KBr pellets.
'"H NMR spectra were recorded on a JEOL 500 MHz instrument. The residual 'H resonances of
the solvents were used as a secondary reference. Elemental (C, H, and N) analyses were

performed on a PerkinElmer 2400II elemental analyzer.

X-ray Structure Solution and Refinement.

Single-crystal X-ray data were collected at 100 K on a Bruker SMART APEX CCD
diffractometer equipped with CRYO Industries low temperature apparatus and intensity data
were collected using graphite-monochromated Mo Ka radiation (A= 0.71073 A). The data
integration and reduction were processed with SAINT software.! An absorption correction was
applied.? The structure was solved by the direct method using SHELXS-97 and was refined on
F2 by full-matrix least-squares technique using the SHELXL-2018 program package.> Non-
hydrogen atoms were refined anisotropically. In the refinement, hydrogen was treated as riding

atoms using SHELXL default parameters.

Computational Details.

All the calculations in the work were implemented by using Gaussian 09, revision B.01 suit of
programs.* The molecular structures of U-[trans-2](SbClg), and P'-[trans-3](SbCl,),*2SbCl; were
optimized using the uB3LYP functional with the cc-pVQZ basis set for Nickel atom, LANL2DZ
for Sb atom and 6-31G+(d,p) for all other atoms. Harmonic vibrational frequency analysis was
carried out to ensure that the optimized structures were true minima without imaginary
frequencies on the potential energy surface. Single point energy calculations at the uB3LYP level
of theory were performed from the crystal structure coordinates for calculating the interaction
energy (AE;y) in U-[trans-2](SbCls), and P'-[trans-3](SbCl,),*2SbCl;. This method used was
Becke’s three-parameter hybrid-exchange functional,® the non-local correlation provided by the

Lee, Yang, and Parr expression, and the Vosko, Wilk, and Nuair 1980 correlation functional (III)
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for local correction.® The interaction energy (AEi,) is the energy difference between the total
energy of the complex and sum of total energies of its constituent anions. The molecular
electrostatic potential map was also plotted to analyze the molecular electronic properties, which
can be used to understand the non-covalent interactions. All the TD-DFT calculations were
performed at the CAM-B3LYP7 level.

Moreover, to understand the specific interaction in the U-[trans-2](SbClg), and P'-[trans-
3](SbCly),*2SbCl;, quantum theory of Atoms in Molecules (QTAIM) were employed. QTAIM can
be used to analyze the bond critical points (BCPs) and cage critical points (CCPs) forming in the
various kind of non-covalent interactions. The topology characteristics of the critical points
(CPs) were estimated using DAMQT 2.1 software.® The wave functions obtained at the CAM-
B3LYP level of theory have been analyzed using the program “Multiwfn -- A Multifunctional
Wavefunction Analyzer” (version 3.5).° Visualization of the molecular orbitals and the

corresponding diagrams were done using the Chemcraft software.!?

Experimental Section:
Materials:

The trans-1,2-bis(meso-octaethylporphyrinyl)ethene Ni(Il), trans-1 and cis-1,2-bis(meso-
octaethylporphyrinyl)ethene Ni(Il), cis-1 have been synthesized according to the procedures
reported in the literature.!! Reagents and solvents are purchased from commercial sources and
purified by standard procedures before use. Reagents and solvents were purchased from

commercial sources and purified by standard procedures before use.

Synthesis of U-[trans-2](SbCly),:

To a dichloromethane (25 mL) solution of trans-1/cis-1 (100 mg, 0.082 mmol), a solution
of 135 mg (0.164 mmol) Tris(4-bromophenyl)ammoniumyl hexachloroantimonate in 2 mL
CH;CN was added and the resulting solution was stirred in air at room temperature for 30
minutes. During the progress of the reaction, the colour of the solution changed from red to
violet and filtered through a small plug of silica gel with copious washings (CH,Cl,). The
solution was then evaporated to complete dryness. The resulting solid was then dissolved in a
minimum volume of CH,Cl,, filtered off to remove unreacted oxidant and then carefully layered

with n-hexane. On standing for 6-7 days in air at room temperature, dark red needle crystals were
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obtained, which was then isolated by filtration, washed well with n-hexane, and dried in vacuum.
Yield: 110 mg (70%). UV-vis (chloroform) [Am., nm (g, M! ecm™)]: 404 (3.1x10%), 514
(2.1x10%), 958 (2.6x10%); ESI-MS: m/z 1539.3053 for {U-[trans-2](SbCls),—SbClg}*; Elemental
analysis (%) calcd (found) for C;6Hg,CliNgNi,Sb,: C, 44.62 (44.83); H, 4.53 (4.72); N, 5.48 (5.31).
'H NMR (CDCls, 295 K): (—CH (b)), 3.48 (meso-H), 2.16, and 1.99; (ethyl —CH,) 1.55 and
(—CH5) 1.32, 1.29,1.27, 1.24, 1.14, 1.10, 1.03, 0.96, 0.95, 0.88, 0.87, 0.86, 0.84, 0.83, 0.82 and
0.81 ppm.

Synthesis of P'-[trans-3](SbCly),*2SbCl;:

trans-1/cis-1 (100 mg, 0.082 mmol) was dissolved in CH,Cl, (25 mL) and a solution of
203 mg (0.246 mmol) tris(4-bromophenyl)ammoniumyl hexachloroantimonate in 2 mL CH3;CN
was added to it or in U-[trans-2](SbClg), (100 mg, 0.083 mmol) was dissolved in CH,Cl, (25
mL) and a solution of 67.83 mg (0.083 mmol) tris(4-bromophenyl)ammoniumyl
hexachloroantimonate in 2 mL. CH3;CN was added to it. The solution was stirred in air at room
temperature for 30 minutes. During the progress of the reaction, the colour of the solution has
changed from light violet to dark violet and filtered through a small pack of silica gel with
copious washings (CH,Cl,). The resulting solution was then evaporated to complete dryness. The
solid thus obtained was dissolved in a minimum volume of CH,Cl,, filtered off to remove
unreacted oxidant and then carefully layered with n-hexane. On standing for 8-10 days in air at
room temperature, dark red crystals were obtained. The crystalline solid was then isolated by
filtration, washed well with n-hexane, and dried in vacuum. Yield: 115 mg (64%). UV-vis
(chloroform) [Ama, nm (e, M cm)]: 391 (2.1x10°), 510 (2.0x10°), 710 (1.3x10°),
1600(8.6x10%); ESI-MS: m/z 604.2994 for {P'-[trans-3]}?*; Elemental analysis (%) calcd
(found) for C74Hg,Cl;§NgNi,Sby: Anal. Calced (found): C, 38.68 (38.91); H, 3.93 (4.14); N, 4.75
(4.91). "THNMR (CDCls, 295 K): (—CH (b)), 5.29 (meso-H), 3.47, and 2.16; (ethyl —CH,) 1.87,
and 1.57 (—CH;) 1.32, 1.28, 1.25, 1.10, 1.05 0.98, 0.97, 0.92, 0.90, 0.88, 0.84, 0.81, 0.80, and
0.68ppm.
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Fig. Sl1. Isotopic distribution pattern of the (A) experimental and (B) simulated ESI-MS

spectrum (positive ion mode) of frans-1. Spectrum shows a molecular ion peak at m/z 1207.5964

corresponding to [trans-1]".
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Fig. S2. Isotopic distribution pattern of the (A) experimental and (B) simulated ESI-MS
spectrum (positive ion mode) of cis-1. Spectrum shows a molecular ion peak at m/z 1207.5974

corresponding to [cis-1]".



(B)

(A)

|
1.5 1.0

I I |
05 0.0 0.5

Potential(V)

|
-1.0 1.5

S7

Fig. S3. Cyclic voltammogram (at 295 K in CH,Cl,) of (A) trans-1 and (B) cis-1 (scan rate =

100 mV/s) with 0.1 (M) tetra(n-butyl)ammoniumhexafluorophosphate as a supporting

electrolyte. The reference electrode was Ag/AgCl.

Table S1. Electrochemical data (in dichloromethane at 298 K) for complexes trans-1 and cis-1.

Complexes Oxidation Reduction
Eox () [V (mV)] | Eox (ID) [V (mV)] Eox (III) [V Erea () [V]
(mV)]
trans-1 0.53(60) 0.61(65) 1.29(75) -0.96
cis-1 0.54(65) 0.62(70) 1.25(65) -0.95
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Fig. S4. UV-visible spectra (in CHCI; at 295 K) using polycrystalline samples of U-[trans-
2](SbClg), (red line) and P'-[trans-3](SbCly),*2SbCl; (brown line).
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Fig. S5. UV-vis-NIR spectra (in CHCI; at 295 K) of U-[trans-2](SbClg), after refluxing the
1 hr and (B) 12 hrs with excess of tetra(n-
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solution under nitrogen for (A)
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Fig. S7. Isotopic distribution pattern of the (A) experimental and (B) simulated ESI-MS
spectrum of P'-[trans-3](SbCly),22SbCl;. Spectrum shows a molecular ion peak at m/z 604.2994
for {P'-[trans-3]}**
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Fig. S8. UV-vis-NIR spectral change (in CH,Cl, at 298 K) of 1.2 x 10~ (M) solution of trans-1
(red line) upon gradual additions of 0 to 3.5 eq. of. FeCls.
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Fig. S9. IR spectra (selected portions only) of solid polycrystalline samples of trans-1 (red line),

(B) U-[trans-2](SbClg); (blue-line) and (C) P'-[trans-3](SbCly),*2SbCl; (green-line). The marker
bands related to m-cation radicals are labeled.
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Fig. S10. Normalized emission spectra of U-[trans-2](SbClg), (red colour) and P'-[trans-
3](SbCly),*2SbCl; (blue colour) excited at 420 nm in chloroform at 295 K.
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Fig. S11. Diagram illustrating the molecular packing of U-[trans-2](SbCls),®2CH,Cl,®H,0 in the
unit cell (H atoms and solvent molecules have been omitted for clarity).
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Fig. S12. Diagram illustrating the molecular packing of P'-[trans-3](SbCl,),22SbCl;22CH,Cl, in
the unit cell (H atoms have been omitted for clarity).
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Fig. S13. Formal diagrams of the porphinato core displaying the values of the individual bond
distances (in A) in the inner 16-membered rings (bold lines) of trans-1.

Corel Corelll
Fig. S14. Formal diagrams of the porphinato core displaying the values of the individual bond
distances (in A) in the inner 16-membered rings (bold lines) of U-[trans-2](SbClg),. Highlight is
the alternating long-short pattern of the N—Cjjpha and Cyjpha—Cineso bond distances.
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Fig. S15. Formal diagram of the porphinato core displaying the values of the individual bond
distances (in A) in the inner 16-membered rings (bold lines) of P'-[trans-3](SbCly),*2SbCl;.
Highlight is the alternating long-short pattern of the N—Cjjpha and Cyipha—Ceso bond distances.

Fig . S16. X-ray crystallographic structure of U-[trans-2](SbClg), molecule showing anions
above and below the porphyrin rings. Red dotted line: [C---Cl] short contacts in A (hydrogen
atoms are omitted for clarity).
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Fig. S17. Diagram illustrating the angle © between the least-squares plane of Cy)Ny4
porphyrinato core (red) and the calculated C,4 plane of the bridging ethylene group (green) of U-
[trans-2](SbCl), as a representative case.



S18

(C)

Yy -CH,
“s -C:’:UM\
G- T o
) 11 _CHZ_—CH_D,
m
-CH(b)- m’
\ | |

—

10 3 6 4 2 0

Fig. S18. 'H NMR spectra of (A) trans-1, (B) U-[trans-2](SbCls),, and (C) P'-[trans-
3](SbCly),22SbCl; at 295 K in CDCl;. Peaks marked as * and # correspond to signals from the
solvent and neutral oxidant only.
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Ni-Npor = 1.943 [1.948]
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AGrs= 8.98
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Fig. S19. uB3LYP optimized geometry of U-[trans-2](SbCls), with bond lengths in A as
calculated using cc-pVQZ basis set for Nickel atom, LANL2DZ for Sb atom and 6-31G+(d,p)
for all other atoms. AGrg is given relative to singlet spin state in kcal mol! (including ZPE).

Ni-N por = 1.941
C20-C37 = 1.376
C37-C38 = 1.436

Fig. S20. uB3LYP optimized geometry (singlet state) of U-[trans-2]*" (without counter anion)

with bond lengths in A as calculated cc-pVQZ basis set for Nickel atom and 6-31G+(d,p) for all
other atoms.
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Ni-Npor = 1.935 [1.939]
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C37-C38 = 1.433[1.392]

AGTS = 641
P-[trans-'3](SbCl,),#2SbCl;  P-[trans>3](SbCls),¢ 2SbCl;

Fig. S21. uB3LYP optimized geometry of P'-[trans-3](SbCls),*2SbCl; with bond lengths in A as
calculated using cc-pVQZ basis set for Nickel atom, LANL2DZ for Sb atom and 6-31G+(d,p)
for all other atoms. AGrg is given relative to singlet spin state in kcal mol! (including ZPE).

Ni‘N por = 1.938
C20-C37 = 1.374
C37-C38 = 1433

Fig. S22. uB3LYP optimized geometry (singlet state) of U-[trans-2]>* (without counter anion)
with bond lengths in A as calculated cc-pVQZ basis set for Nickel atom and 6-31G+(d,p) for all
other atoms.
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Fig. S23. Relative spin-state energies (including ZPE) of P'-[trans-'33](SbCly),*2SbCl; and U-
[trans-'32](SbClg), as calculated using uB3LYP functional in DFT. All the AE and AE+ZPE

values are relative to singlet state.
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Fig. S24. Energy diagrams and selected Kohn-Sham orbitals of singlet states of U-[trans-
2](SbClg), and U-[trans-2]*" (without counteranion) at cam- B3LYP/6-31G**/cc-pVQZ level of
theory.
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Fig. S25. Energy diagrams and selected Kohn-Sham orbitals of singlet states of P'-[trans-
3](SbCl,),#2SbCl; and P'-[trans-3]** (without counteranion) at cam-B3LYP/6-31G**/cc-pVQZ

level of theory.
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Fig. S26. Absorption spectra (curved line, left axis) of singlet state of U-[trans-2](SbCls), in
CH,Cl; and oscillator strengths (vertical line, right axis) of U-[trans-2](SbCls), obtained from
TD-DFT calculations at the cam-B3LYP cc-pVQZ level of theory (hydrogen atoms have been
omitted for clarity).
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Fig. S27. Absorption spectra (curved line, left axis) of singlet state of P'-[trans-
3](SbCly),*2SbCl; in CH,Cl, and oscillator strengths (vertical line, right axis) of P'-[trans-
3](SbCly),22SbCl; obtained from TD-DFT calculations at the cam-B3LYP cc-pVQZ level of
theory (hydrogen atoms and counter anions have been omitted for clarity).
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Fig. S28. Absorption spectra (curved line, left axis) of singlet state of U-[trans-2](SbClg), in
CH,Cl, and oscillator strengths obtained from TD-DFT calculations (vertical line, right axis) of
(A) U-[trans-2](SbClg),, (B-D) U-[trans-2](SbClg), upon stepwise shifting the counter anion 1
away from bisporphyrin cavity and (E-G) U-[trans-2](SbClg), upon stepwise shifting the counter
anion 2 away from porphyrin ring at the cam-B3LYP cc-pVQZ level of theory.
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Fig. S29. DAMQT 2.1.0 picture of U-[trans-2](SbCl), (A) the interactions for both anions and
deficient porphyrin ring are shown with top views. The blue, green and red circles represent cage
(3, +3), ring (3, +1) and bond (3, -1) CPs, respectively. (B) U-[trans-2]*? (without counter
anions), there are no critical points along deficient porphyrin rings.



Table S2. Crystal data and data collection parameters
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U-[tranS-Z](SbC|6)2.2CH2C|2. H,O P'—[trans—3](SbC|4)2025bC|302CH2C|2

Formula C76 H92 C116 N8 Ni2 O Sb2 C76 H92 C118 N8 Ni2 Sb4
T, (K) 100(2) 100(2)
Formula weight 2061.69 2360.09
Crystal system Triclinic Triclinic
Space group P-1 P-1
a, A 12.7607(11) 12.437(5)
b, A 17.1587(15) 13.261(5)
c, A 20.3195(17) 15.817(5)
o, deg 89.078(3)°. 65.236(5)°
B, deg 87.221(2)°. 78.258(5)°
v, deg 82.480(2)°. 86.781(5)°
vV, A3 4405.4(7) 2318.0(15)
Radiation (A, A) Mo Ka (0.71073) Mo Ka (0.71073)
V4 2 1
dcalcd,Mg.cm 1.554 1.691
F(000) 2084 1170
y, mm-! 1.559 2.110
No. of unique data 16383 8596
No. of parameters, refined 1011 499
GOF on F? 1.043 1.026
R13[I>26(])] 0.0835 0.0580
R12(all data) 0.1488 0.0915

b 0.2484 0.1615
wR2P° (all data)
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b
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Table S3. Selected bond distance (A) and angles (°).

U-[trans-2](SbClg),#2CH,Cl,eH,0 P'-[trans-
3](SbCl,),92SbCl;82CH,Cl,

Ni(1)-N(1) 1.901(7) 1.907(5)
Ni(1)-N(@3) 1.901(7) 1.887(6)
Ni(1)-N(2) 1.906(7) 1.909(6)
Ni(1)-N(4) 1.923(7) 1.906(6)
C(20)-C(37) 1.359(12) 1.358(9)
C(37)-C(38) 1.428(12) 1.416(13)
Ni(2)-N(7) 1.916(7)
Ni(2)-N(5) 1.914(7)
Ni(2)-N(6) 1.918(8)
Ni(2)-N(8) 1.933(8)
N(1)-Ni(1)-N(3) 178.8(3) 176.0(2)
N(1)-Ni(1)-N(2) 90.1(3) 90.4(2)
N(1)-Ni(1)-N(4) 88.9(3) 89.1(2)
N(2)-Ni(1)-N(4) 176.5(3) 177.8(2)
N(3)-Ni(1)-N(2) 90.7(3) 90.4(2)
N(3)-Ni(1)-N(4) 90.3(3) 89.6(3)
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Table S4. TD-DFT calculated Excited States for U-[trans-2](SbClg),.¢

State | Energy | Wavelength | Oscillator Excitation of the main
(eV) (nm) Strength transition

11 1.2475 993.86 0.5994 HOMO —» LUMO+3
14 1.6365 757.62 0.0442 HOMO-1 —> LUMO+2
20 2.1360 580.44 0.1316 HOMO -3— LUMO+1
22 2.2138 560.06 0.0933 HOMO —» LUMO+3
24 2.3446 510.80 0.0365 HOMO-17—» LUMO
31 2.7015 458.05 0.0492 HOMO-9 — LUMO
32 2.7093 457.62 0.0463 HOMO-9 — LUMO
33 2.7247 455.04 0.0742 HOMO — LUMO+4
34 2.7829 445.52 0.1041 HOMO — LUMO+5
36 2.8454 435.74 0.0407 HOMO-1 — LUMO+3
47 3.0654 404.46 0.0564 HOMO-8—» LUMO+1
49 3.1066 399.09 0.0414 HOMO-17 — LUMO
51 3.1408 394.76 0.0654 HOMO-31—> LUMO
53 3.2034 387.04 387.04 HOMO-17—» LUMO
56 3.2803 377.37 0.1961 HOMO-1—> LUMO+3

@ The states whose oscillator strengths are less than 0.03 are not included.
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Table S5. TD-DFT calculated Excited States for P'-[¢rans-3](SbCly),*2SbCl5.¢

State | Energy | Wavelength | Oscillator Excitation of the main
(eV) (nm) Strength transition

18 1.5312 809.73 0.7091 HOMO — LUMO
21 1.7272 717.82 0.7620 HOMO-1 — LUMO+4
22 2.0302 610.70 0.0485 HOMO-3—> LUMO
28 2.4547 505.09 0.2036 HOMO-1 — LUMO+2
33 2.5905 478.60 0.1095 HOMO-7—> LUMO
38 2.8730 431.55 0.1471 HOMO —» LUMO+8
41 2.9438 421.18 0.1685 HOMO-12—» LUMO
44 3.0300 409.19 0.4430 HOMO-11 — LUMO
48 3.1303 396.08 0.0599 HOMO —» LUMO+10
53 3.1709 391.05 0.1851 HOMO-16 — LUMO
55 3.2846 377.48 0.1539 HOMO-2 —» LUMO+4
57 3.3377 371.47 0.0632 HOMO-3 —» LUMO+4
67 3.6191 342.59 0.2756 HOMO-1 — LUMO+7

@ The states whose oscillator strengths are less than 0.03 are not included.
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Table S6: DFT/UB3LYP calculated stabilization energies (AE) in kcal/mol of U-[trans-2]*" and
P'-[trans-3]*" (without counter anion).

U-[trans-2]*" P'-[trans-3]*" AE
-3970084.678 -3970159.917 75.23

Table S7: DFT/UB3LYP calculated interaction energies (Ejy,¢) in kcal/mol of U-[trans-
2](SbClg), and P'-[trans-3](SbCly),*2SbCls.

Complexes Interaction Energy
(kcal/mol)
U-[trans-2](SbCl), 194.92
P'-[trans-3](SbCl,),*2SbCly 26.23

Table S8: The electron density (p) and Laplacian (4°p), the electronic potential energy density
(V), the electronic kinetic energy density (G) and the electronic energy density (H) at the
intermolecular bond critical (3, -1) and cage critical (3, +3) points of U-[trans-2](SbClg),.

Atom pairs | CPs p) A%p Vi(r) G(r) H(r)
Cl173---H57 | 217 | 0.00131 | 0.00820 -0.00072 0.00138 0.00066
Cl173---C11 [231 | 0.00343 | 0.01999 -0.00231 0.00365 0.00134
Cl174---Nil71 | 289 | 0.00654 | 0.01250 -0.00232 0.00272 0.00040
Cl174---C80 | 336 | 0.00443 | 0.02518 -0.00307 0.00468 0.00161
CI175---H134 | 278 | 0.00139 | 0.00861 -0.00077 0.00146 0.00069
CI175---C93 | 324 | 0.00532 | 0.03042 -0.00364 0.00562 0.00198
Cl176---C1182 | 241 | 0.00270 | 0.01844 -0.00199 0.00330 0.00130
Cl176---H58 | 212 | 0.00035 | 0.00274 -0.00021 0.00045 0.00023
CI177---H64 | 223 | 0.00152 | 0.00947 -0.00093 0.00165 0.00071
CI177---H58 | 211 | 0.00226 | 0.01345 -0.00137 0.00236 0.00099
Cl177---C13 [ 228 | 0.00424 | 0.02581 -0.00310 0.00478 0.00167
CI178---H169 | 345 | 0.00186 | 0.01352 -0.00141 0.00239 0.00098
Cage 224 | 0.00048 | 0.00425 -0.00034 0.00070 0.00036
Critical 245 | 0.00049 | 0.00364 -0.00027 0.00059 0.00031
Points 397 | 0.00210 | 0.01196 -0.00133 0.00216 0.00082
286 | 0.00024 | 0.00233 -0.00016 0.00037 0.00021
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Table S9: The electron density (p) and Laplacian (A%p), the electronic potential energy density
(¥), the electronic kinetic energy density (G) and the electronic energy density (H) at the

intermolecular bond critical (3, -1) points of P'-[trans-3](SbCl,),#2SbCls.

Atom pairs | CPs p(r) A%p Vi(r) G(r) H(r)
Cl2---H82 260 | 0.00214 0.01285 -0.00123 0.00222 0.00098
Cl13---H82 254 | 0.00325 0.01929 -0.00209 0.00345 0.00136
CI3---H75 274 | 0.00122 0.00762 -0.00065 0.00128 0.00062
Cl4---H32 313 | 0.00342 0.01949 -0.00203 0.00345 0.00142
Cl4---H75 305 | 0.00326 0.01907 -0.00206 0.00341 0.00135
Cl4---H78 326 | 0.00458 0.02564 -0.00292 0.00467 0.00174
Sbl---Cl117 | 217 | 0.02060 0.05366 -0.01170 0.01256 0.00085

Cl1189---H152 | 268 | 0.00533 0.02921 -0.00340 0.00535 0.00194
C1189---H146 | 220 | 0.00192 0.01153 -0.00107 0.00197 0.00090
Cl1189---C111 | 243 | 0.00313 0.01805 -0.00180 0.00316 0.00135
Cl184---H153 | 337 | 0.00494 0.02735 -0.00315 0.00499 0.00184




