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S1. Characterization of CuPc dispersion by studying its FT-IR spectra

The FTIR analysis  was performed by IR Affinity (Spectrum 100, Perken Elmer) 

spectrometer to probe the chemical structure of the CuPc nanotubes. The presence of peak at 

1166 cm-1 confirms the presence of Cu-N bond. Besides, the C=N-C at bridge sites of 

Phthalocyanine ring is observed at 1287 cm-1. The complete assignment of the IR spectrum 

peaks in Table S1(b) gives a precise assessment of chemical bonds typically present in CuPc.

S2. Investigation of the light-control-light optical switching response 

produced in CuPc dispersion

       To realize the light-control-light setup, we keep the intensity of the 532 nm laser (signal 

beam) fixed and vary the intensity of the 671 nm laser (control beam). The signal beam 

intensity is fixed at 1.273 W/cm2 below the threshold limit and the intensity of the control 

Figure S1. (a) FT-IR spectra of CuPc tube (b) Table showing assignment of the characteristic peaks.
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beam is varied. Even though the intensity of the signal beam is below the threshold value the 

diffraction pattern is obtained and the ring number as a function of the intensity of the control 

beam is plotted in figure S2. From the graph, it is observed that the ring numbers increase 

linearly with the control beam intensity. A similar dependence of the ring numbers as a 

function of control beam intensity is noted for two other signal beam intensities fixed at 2.674 

W/cm2 and 3.947 W/cm2. In the presence of the control beam, the nonlinear polarization at 

the signal beam frequency induced in the CuPc dispersion depends on the electric field 

amplitude of the control beam as:1

  P(ωsignal) = 6Ԑ0ꭓ(3)|E(ωcontrol)|2E(ωsignal)

where E(ωcontrol) is the amplitude of the control beam and E(ωsignal) that of the signal beam. 

This leads to the linear dependence of the signal beam’s nonlinear refractive index and 

nonlinear optical phase shift on the control beam’s intensity which explains the behaviour of 

the graph in S2.

Figure S2. Graph of ring numbers of 532 nm laser for three fixed intensities at 1.273 W/cm2, 
2.674 W/cm2 and 3.947 W/cm2 vs intensity of 671 nm laser.
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S3. Estimation of single layer nonlinear susceptibility of CuPc Nanotube

To compare with the nonlinear optical susceptibility of different nanomaterials, the 

ꭓ(3)
singlelayer of CuPc nanotubes have been estimated. Unlike 2D layered materials, the CuPc 

nanotube does not have well defined single layers separated by van der Waals force. So we 

have considered the calculation of electron density layer in the a-b plane of the unit cell of 

CuPc.2 It has a monoclinic symmetry with 2 molecules per unit cell.3 

         For a fixed concentration of CuPc dispersion (0.125 mg/ml), the number of unit cells 

(M) in the cuvette of volume 3.5 ml are estimated. Then the number of  cells that cover an 

effective layer is found (m =  ) .This gives the effective 

𝑎𝑟𝑒𝑎 𝑜𝑓 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑐𝑢𝑣𝑒𝑡𝑡𝑒
𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 𝑎𝑟𝑒𝑎 𝑖𝑛 𝑎 ‒ 𝑏 𝑝𝑙𝑎𝑛𝑒 

number of charge density layers that the laser beam travels through as Neff =   = 531 layers. 

𝑀
𝑚

The resultant ꭓ(3)
singlelayer is calculated as:

     ꭓ(3)
total = N2

eff ꭓ
(3)

singlelayer

The Neff and ꭓ(3)
singlelayer is calculated for 3 wavelength of light, 3 different concentration, 3 

different cuvette length and listed in the following table.

Table S1. Nonlinear susceptibility ꭓ(3)
singlelayer of CuPc nanotube

Wavelength 
(nm)

Length 
(mm)

Concentration
(mg/ml)

dN/dI 
(cm2/W)

n2 (×10-5)
(cm2/W)

ꭕ(3)
total

 

(×10-3)
(esu)

Neff ꭕ 

(3)
singlelayer

 

(×10-9)
(esu)

671 10 0.125 1.149 2.62 1.44 531 5.12

532 10 0.125 1.463 2.65 1.45 531 5.14

405 10 0.125 2.662 3.66 2.01 531 7.13
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671 10 0.0625 0.860 1.96 1.08 266 1.53*10

671 10 0.03125 0.521 1.19 0.65 133 3.69*10

671 5 0.125 0.923 4.01 2.20 258 3.31*10

671 1 0.125 0.366 8.37 4.59 53 1.63*103

S4. Estimation of Band Gap from Diffuse Reflectance Spectroscopy

We have calculated the bandgap energy of CuPc nanotubes by measuring the diffuse 

reflectance spectroscopy from the UV-Vis Spectrophotometer. The Kubelka Munk theory is 

applied to calculate the Kubelka Munk function :4

 F(R∞) =  =        Where R∞ is the experimentally found reflectance of the sample 

(1 ‒ 𝑅∞)2

2𝑅∞
 
𝑘
𝑠

and k, s are the absorption and the scattering coefficient respectively. The bandgap is 

calculated from the Tauc plot of the reflectance data by plotting   as a function (𝐹(𝑅∞)ℎ 𝜈)
1

𝛾

of hν of the incident light. Since CuPc has a direct bandgap so γ =1/2 . From the expression      

:  = B( hν – Eg ) , the bandgap is determined by extrapolating the linear region of (𝐹(𝑅∞)ℎ 𝜈)2

the graph where it intersects the x axis. This way the bandgap is found as 1.7 eV for CuPc. 

S5. Correlation of ꭓ(3)
singlelayer with carrier mobility for nanomaterials 

exhibiting SSPM 

We verify the proposed electronic origin of SSPM by investigating the correlation of 

nonlinear susceptibility and the charge carrier mobility for 2D layered materials like 

graphene5, 6, black phosphorus7, 8, MoS2
9, 10, MoTe2

11, MoSe2
12, 3D TaAs2 and CuPc. Except 

CuPc all other values are obtained from reference. CuPc is a p type material so it can be said 

that the holes predominantly participate in the ring formation process. The hole mobility of 
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CuPc is 171.8 cm2V-1s-1 13 and the ꭓ(3)
singlelayer value of 5.14*10-9 e.s.u. obtained from our 

work is plotted which follows the same trend as that of other nanomaterials.

 The positive correlation between carrier mobility and the susceptibility values (Figure S3) 

reinforce the laser induced electron or hole coherence mechanism as the origin of SSPM. 

 

S6. Stability and repeatability data of photonic devices

The application of CuPc dispersion in constructing all-optical diodes and logic gates has been 

presented in our work. For practical application purpose, long-term stability and repeatability 

are crucial. Hence, we performed the experiment with the same dispersion after 17 months. It 

is found from the data that the forward and reverse slope remains almost same for the green 

and red laser. We also performed the logic gates application on the same dispersion after the 

same time-period and found the system to properly exhibit the logical OR operation. Thus, 

we can conclude that the system remains stable and repeatability is maintained.

Figure S3. Linear correlation between charge carrier mobility and ꭓ(3)
singlelayer 

obtained from SSPM for differnent nanomaterials (adapted from reference 5-
13), and CuPc.
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Figure S4. Plot of ring number vs intensity in forward and reverse 
optical path for 671 nm laser in repeatability test work
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Figure S5.: Plot of ring number vs intensity in forward and reverse 
optical path for 532 nm laser in repeatability test work
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Figure S6.:  Images of optical logic OR Gate by cross coupling beams of 
671nm and 532 nm as obtained in repeatability test work
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S7. Comparison of reported nanomaterial’s Kerr coefficient with CuPc

Figure S7.:  Graphical representation of comparison of reported 
nanomaterial’s Kerr coefficient with CuPc
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