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Absorption and photoluminescence 

Fig. S1. Absorption spectral changes of (a) H2-TIPc, (b) Zn-TIPc and (c) Cu-TIPc in DCM at different 
concentrations.

Time-resolved photoluminescence

Excitation laser wavelength: ~ 640 nm. 

TRPL is measured at emission wavelength of 720 nm.

Table S1

PL decay parameters of the samples obtained by TCSPC. Residuals ( ), bi-exponential decay time fit 𝜒2

parameters  and  with respective % (Rel. %) are presented here. 𝜏1 𝜏2

Sample 𝜏1(𝑛𝑠) Rel. % 𝜏2(𝑛𝑠) Rel. % 𝜒2

H2-TIPc 1.88 11.61 4.97 88.39 1.06

Zn-TIPc 2.30 92.88 5.71 7.12 1.13

Model used to fit the time-resolved photoluminescence (TRPL) using exponential

reconvolution with instrument response function (IRF):

Fitting equation: ; for bi-exponential decay 
𝐴 + 𝐵1 𝑒𝑥𝑝( ‒

𝑡
𝜏1

) +  𝐵2 𝑒𝑥𝑝( ‒
𝑡

𝜏2
)
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Details of TCSPC fitting parameters and values:

 H2-TIPc

 Zn-TIPc
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Electrochemical and spectroelectrochemical studies

Fig. S2. Cyclic voltammograms of (a) H2-TIPc, (b) Zn-TIPc and (c) Cu-TIPc; differential pulse 
voltammetry (DPV) curves of (d) H2-TIPc, (e) Zn-TIPc and (f) Cu-TIPc.
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DFT Studies

Table S2

Ground (S0) and excited (S1) state geometries obtained at B3LYP/6-31G (d, p) and TD-B3LYP/6-31G 
(d, p) in combination with LANL2DZ, respectively.

Molecules Ground (S0) Optimized Structure Excited (S1) Optimized Structure

H2-TIPc

Zn-TIPc

Cu-TIPc
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Fig. S3. Isodensity plots of the FMOs (HOMO-1 and LUMO+1) based on the B3LYP 6-31G(d,p) 

method for H2-TIPc, Zn-TIPc and Cu-TIPc.

Fig. S4. ESP images of H2-TIPc, Zn-TIPc and Cu-TIPc, obtained from DFT. 



S7

Transient absorption spectroscopy
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Fig. S5. fs-transient absorption spectra with different delay time collected with Soret band 
photoexcitation for (a) H2-TIPc, (b) Zn-TIPc and (c) Cu-TIPc.

Fig. S6. Schematic of the photophysical model used in the target analysis of TAS data.

Z-scan

Fig. S7. OA Z-scan data theoretically fitted with ,  and combination of and  for (a) H2-TIPc, (b) 𝛽 𝛼3 𝛽 𝛼3

Zn-TIPc and (c) Cu-TIPc.

Equation for calculating 2PA cross-section 1:

.
𝜎2𝑃𝐴 =

ħ𝜔
𝑁

𝛽 (S1)
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Equation for calculating 3PA cross-section1:

.
𝜎3𝑃𝐴 =

(ħ𝜔)2

𝑁
𝛼3

(S2)

where N is the number density of molecule in solution samples,  is the 3PA coefficient.𝛼3

Equation for theoretical fit of closed aperture Z-scan data2:

𝑇𝐶𝐴(𝑥)

= 1 +
4𝑥ΔΦ

(1 + 𝑥2) (9 + 𝑥2)
+

4(3𝑥2 ‒ 5)ΔΦ2

(1 + 𝑥2)(9 + 𝑥2)(25 + 𝑥2)
+

32(3𝑥2 ‒ 11)𝑥ΔΦ3

(1 + 𝑥2)(9 + 𝑥2)(25 + 𝑥2)(49 + 𝑥2)
.

(S3)

Here,  is the normalised transmittance, ,  is the sample's longitudinal distance 𝑇𝐶𝐴(𝑥) 𝑥 =‒ 𝑧/𝑧0 𝑧

from the focus point (z=0),  is the Raleigh range and  is the on-axis nonlinear phase shift.𝑧0 ΔΦ

The relationship3 that was utilised to determine ⟨ ⟩:𝛾

 ,
⟨𝛾⟩ =

𝜒(3)

𝑁𝐿4

(S4)

where  is the third-order nonlinear susceptibility, N is the number density of molecule in 𝜒(3)

solution samples, and the local field factor is .
 𝐿 =

𝑛2
0 + 2

3

Table S3

Comparison the values of obtained second hyperpolarizability with the prior reports.

Compound Laser parameters 
(used method)

𝛾(𝑒𝑠𝑢) References

H2-TIPc, Zn-TIPc, 
Cu-TIPc

~70 fs, 800 nm (Z-
scan)

(2.34-3.61)×10-30 Present work

Phthalocyanine, 
ZnPc

ns laser, 532 nm, 10 Hz 2.97×10-31 4
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Th-Fb, Th-Cu and 
Th-Zn

~70 fs, 800 nm (Z-
scan)

1.23-2.42×10-31 5

Quinoxalines ~70 fs, 800 nm 
(degenerate four wave 

mixing (DFWM))

~10-31 6

uGFPc ~70 fs, 800 nm (Z-
scan)

(2.17 - 6.07) × 10-

33
2

Orthogonal 
pyrrolotetrathiafulv

alene derivatives 
(S1, S2, S3)

30 ps, 532 nm (Z-scan) ~10-31 7

NLOphoric mono-
azo dyes

(DFT, 
Solvatochromism)

~10-33, ~10-34,
~10-35

8

Croconate dyes 100 fs, 800 nm 
(DFWM)

-2.4 to -5.3×10-32 9

Squaraine Dyes 210 fs and 3 ps; 696 
and 710 nm (DFWM)

∼8 ×10-32 10

Methyl
orange dyes (azo 

dyes)

(Monte Carlo/DFT) ~10-34 11

Azo dye 5 ns, 532 nm (Z-scan) ~10-35 12

HMB (Z-scan) 0.5×10-35 13
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