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[bookmark: OLE_LINK2]Experimental Information
[bookmark: OLE_LINK33]All density functional theory (DFT) calculations were performed using the Gaussian 09 program to obtain the ground-state electronic structures. The exchange-correlation effects were treated with the PBE0 functional1. A mixed basis set approach was employed: the 6-31G(d,p)2-4 basis set was used for C, H, O, N, and Cl atoms, while the Stuttgart-Dresden effective core potential (SDD)5 was applied for the In atom. To account for van der Waals interactions, the D3BJ dispersion correction6 was incorporated.
[bookmark: OLE_LINK22]The third-order NLO properties of the OL devices were investigated by using the Z-scan technique. The OL devices were positioned on a motorized translation stage for precise Z-axis scanning. A 532 nm Nd:YAG laser (pulse duration = 8 ns) served as the excitation source and the output beam was split into two paths by a beam splitter. Energy detectors E1 and E2 independently monitored the pulse energies before and after sample interaction. Ambient temperature was maintained throughout all measurements. The Nonlinear absorption coefficients and the nonlinear Z-scan transmittance of the OL devices were obtained by fitting the experimental data. The equation fits for the nonlinear adsorption coefficient βeff as follows:



In these equations, Leff is the effective thickness of the sample, I0 is the axial intensity at the focus, z0 is the diffraction length of the beam, z is the position of the sample, α is the linear absorption coefficient, and l is the sample thickness.
The transient absorption spectroscopy measurements were performed on a Helios (Ultrafast systems) spectrometers using a regeneratively amplified femtosecond Ti:sapphire laser system (Spitfire Pro-F1KXP, Spectra-Physics; frequency, 1 kHz; max pulse energy, ~8 mJ; pulse width, 120 fs) at room temperature. Finally, analyze the data through commercial software (Surface Xplorer, Ultrafast Systems).
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Supplementary Figure 1. PMOL. (a) 200-3, (b) 200-5, (c) 200-7, (d) 300-3, (e) 300-5, (f) 300-7.
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[bookmark: OLE_LINK34]Supplementary Figure 2. The SEM of OL microsphere before thermo-compression under high-elastic-state. (a) 200-3, (b) 200-5, (c) 200-7, (d) 300-3, (e) 300-5, (f) 300-7. The SEM of PMOL. (g) 200-3, (h) 200-5, (i) 200-7, (j) 300-3, (k) 300-5, (l) 300-7.
[bookmark: OLE_LINK107]Temperature governed microspheres growth thermodynamics by modulating micellar stability and molecular diffusion rates, while stirring speed kinetically regulated microsphere formation through shear force control, mixing efficiency, and heat transfer. Under this dual regulation, microspheres with varied dimensions were yielded. During high-elastic-state thermo-compression processing, microspheres underwent morphological reconstruction and cross-linking effects. Compared to monodispersed OL microspheres, PMOL microspheres exhibited partial collapse of spherical contours under dynamic compressive stress. Discrete microspheres developed interconnected 3D networks via entanglement of peripheral molecular chains under elevated temperature and pressure, enhancing microsphere connectivity and mechanical properties of PMOL.
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Supplementary Figure 3. (a) TG analysis curves of the 200-x OL microspheres, ranging from 30 to 600 ℃. (b) TG analysis curves of the 300-x OL microspheres, ranging from 30 to 600 ℃. (c) DSC curves of the 300-x OL microspheres analyzing the glass transition temperature, ranging from room temperature to 200 ℃. (d) FT-IR curves ranging from 500 to 4000 cm-1.
Competing intermolecular forces and heat conduction effects leaded to optimal thermal stability occurring at 0.5 wt% InPc content. Higher InPc content led to more densely packed microspheres with stronger intermolecular forces, increasing the T5%. Conversely, the enhanced thermal conductivity of densely packed microspheres accelerated heat dissipation, promoting decomposition at lower temperatures and thereby driving faster weight loss. Nono size effect may affect the Thermal performance of the OL microspheres. Small-volume microspheres exhibited large surface area and more surface atoms, with relatively high degree movement freedom, which made the surface part liable to occur glassy transition, thus Tg declined. From the FT-IR spectra, the high intensity characteristic peaks curves were 2953, 1725, 1435, 1145, and 1060 cm−1, indicating the presence of C-H, C=O, CH3, -O-CH3, and C-O-C bonds, respectively.
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Supplementary Figure 4. Raman curves of the PMOL and OL microspheres in solution, ranging from 500 to 3500 cm-1. (a) the 200-x PMOL, (b) the 300-x PMOL, (c) the 200-x OL microspheres in solution, (d) the 300-x OL microspheres in solution.
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Supplementary Figure 5. XPS spectra of N 1s in PMOL.
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Supplementary Figure 6. (a) The DFT-calculated transmittance curves of InPc, InPc-N, and InPc-O range from 0 to 1000 nm. (b) Absorbance curves of 300-x PMOL ranging from 200 to 1000 nm. (c) Transmittance curves of 200-x PMOL ranging from 200 to 1000 nm. (d) Transmittance curves of 300-x PMOL ranging from 200 to 1000 nm.
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[bookmark: OLE_LINK32]Supplementary Figure 7. (a) Normalized transmittance curves of open aperture Z-scan for the 300-x PMOL at 532 nm wavelength. (b) Input-output energy density curves of 300-x PMOL ranging from 0.013 J/cm2 to 0.24 J/cm2.
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Supplementary Figure 8. (a) Nanoindentation analysis of load-displacement curves of the 200-x PMOL. (b) Nanoindentation analysis of load-displacement curves of the 200-x PMOL.
An identical indentation depth of 2000 nm was applied to the indentations of each PMOL, the corresponding load curves were shown in Supplementary Fig. 8. The load differences among different devices were also manifested in hardness, when indented to the same depth, a higher required load indicates greater hardness of the device.
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Supplementary Figure 9. Mechanical properties of the 200-x PMOL. (a) Hardness, (b) Modulus, (c) Stiffness. Mechanical properties of the 300-x PMOL. (d) Hardness, (e) Modulus, (f) Stiffness.
[bookmark: OLE_LINK47][bookmark: _Hlk213020061]Obviously, as indicated by the data in the hardness, modulus and stiffness of the PMOL shown Supplementary Fig. 9, the standard deviations of 300-x PMOL were larger than those of 200-x PMOL at same InPc concentration. Moreover, the 200-7 PMOL exhibited optimal properties (Hardness = 0.36 GPa, Modulus = 5.8 GPa, Stiffness = 5.02  104 N/m) owing to the close-packed arrangement of microspheres and weak-stress concentration. 
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Supplementary Figure 10. 3D AFM images of 200-x PMOL. (a) 200-3, (b) 200-5, (c) 200-7. 2D AFM images of 200-x PMOL. (d) 200-3, (e) 200-5, (f) 200-7.
[bookmark: _Hlk213020296][bookmark: OLE_LINK73]Atomic force microscopy (AFM) images acquired in contact mode under ambient atmosphere revealed, residual indentation patterns on the 200-3, 200-5, and 200-7 PMOL in 3D and 2D The indentation depths measured via AFM analysis were approximately 240-310 nm, with the smallest depth (248 nm) observed on the 200-7 PMOL exhibiting the most outstanding mechanical properties. In addition, the indentation depths were much smaller than those during the loading process shown in Supplementary Figure 8 (over 2000 nm), indicating more than 85% elastic recovery during unloading. The difference in depth between the nanoindentation test and AFM images could be ascribed to the resilience process during unloading, illustrating the excellent elasticity and the close-packed OL microspheres to resist high pressure. Therefore, the PMOL was able to maintain its mechanical strength properties during operations such as bending, stretching, and extrusion in the manufacturing process owing to the excellent resilience and compressibility of the OL microspheres, demonstrating promising industrial applications prospects.

Supplementary Table S1. XPS peak positions of OL microspheres and PMOL.
C 1s
	
	C-C
	C-N
	C-O
	C=N
	C=O

	OL microspheres (eV)
	284.8
	286.21
	286.90
	288.08
	288.72

	PMOL (eV)
	284.8
	286.22
	286.99
	288.42
	288.86


O 1s
	
	O-In
	O=C
	O-C

	OL microspheres (eV)
	529.73
	531.88
	533.45

	PMOL (eV)
	530.22
	532.07
	533.67


N 1s
	
	N=C
	N-C
	N-In
	NR4

	PMOL (eV)
	398.32
	399.55
	400.39
	401.11


In 3d
	
	In 3d5/2
	In 3d3/2

	OL microspheres (eV)
	444.69
	452.26

	PMOL (eV)
	445.19
	452.74



Supplementary Table S2. Nonlinear absorption coefficient.
	
	200-3
	200-5
	200-7
	300-3
	300-5
	300-7

	βeff（W/m）
	2.72  10-5
	3.76  10-5
	[bookmark: OLE_LINK9]4.89  10-5
	5.45  10-5
	4.91  10-5
	6.14  10-5


Interesting, the PMOL with large-sized microspheres exhibited higher βeff at the same InPc concentration, the reason might be that the larger scattering cross-section of the 300-x PMOL induced multiple scattering events that prolonged the effective path of light within the device (increase in the equivalent optical path) and thereby enhanced the interaction between InPc and the 532 nm laser.
[bookmark: OLE_LINK1]Supplementary Table S3. Linear transmittance and OL threshold.
	
	200-3
	200-5
	200-7
	300-3
	300-5
	300-7

	Tlin (%)
	81.53
	71.64
	59.13
	76.14
	25.4
	48.96

	FOL (J/cm2)
	> 0.24
	0.17
	[bookmark: OLE_LINK3]< 0.013
	< 0.013
	> 0.24
	0.13


From the results, the 200-7 PMOL demonstrated discernibly superior performance among all samples. A probable reason was that the high InPc concentration and potent heat-dissipation capacity provided by the microspheres with a high specific surface area enabled the maintenance of a stable NLO response under high intensity laser irradiation.
Supplementary Table S4. The Nonlinear absorption coefficient (βeff) of some reported NLO materials and PMOL.
	Samples
	βeff (m/W)
	Wavelength (nm)
	references

	The 200-7 PMOL
	4.89 10-5
	532
	This work

	[bookmark: _Hlk194177307]CuPc-PI-COF-1
	3.274  10-10
	532
	7

	[bookmark: OLE_LINK27]Annealed F12PcZn–BP film
	2.63 × 10–9
	532
	8

	F12NH2PcZn
	6.78 × 10–10
	
	

	Nonannealed F12PcZn–BP film
	1.77 × 10–9
	
	

	[bookmark: OLE_LINK28]LaPc-4(C60)/PMMA
	2.9 × 10–8
	532
	9

	[bookmark: OLE_LINK24][bookmark: OLE_LINK4]poly[(MMA)168-co-(NPMA)5.2-co-(ZnPc)1.2] / PMMA film
	6.1 × 10–11
	532
	10

	MA-VA-PcInCl
	2.5 × 10–10
	532
	11

	[bookmark: OLE_LINK5]TA-VA-PcInCl
	6.5 × 10–11
	
	

	[bookmark: OLE_LINK25]PMMA-PDA-InPc
	2.2 × 10–9
	532
	12

	[bookmark: OLE_LINK26]PMMA-InPc
	1.0 × 10–9
	
	

	PcEuOAc
	1.22 ×10-10
	532
	13

	PcTbOAc
	4.0 ×10-10
	
	

	PcLuOAc
	2.5 ×10-10
	
	

	LaPc
	1.86 ×10-10
	532
	14

	ZnPc-AuNPs
	6.3 × 10–9
	532
	15

	[bookmark: OLE_LINK29]InPc-AuNPs
	1.39 × 10–8
	
	

	ZnPc(THdT)-GO
	2.51 × 10–9
	532
	16

	InPc(THdT)-GO
	[bookmark: OLE_LINK10]2.73 × 10–9
	
	

	[bookmark: OLE_LINK23]ZnPc-CdTe/ZnSe/ZnO
	7.41 × 10–10
	532
	17

	InPc
	2.22 × 10–9
	532
	18

	InPc-SWCNT
	3.0 × 10–9
	532
	

	Cu-HHTP[001] film
	3.84  10-5
	532
	19

	ZnTPyP-1/ PDMS
	3.61 × 10-5
	532
	20

	ZnTPyP-2/PDMS
	1.12 × 10-5
	
	

	ZnTPyP(Cu) film
	5.7 × 10-6
	532
	21

	ZnTPyP(Ni) film
	1.8 × 10-6
	
	

	ZnTPyP(Mn) film
	1.2 × 10-6
	
	

	ZnTPyP(H2) film
	5.1 × 10-7
	
	

	PIZA-1 thin film
	1.9 × 10-6
	532
	22

	C60@PIZA-1 thin film
	2.8 × 10-6
	
	

	GO
	5.3 × 10-6
	532
	23

	RGO
	8.3 × 10–6
	
	

	GO-ZnO
	3.6 × 10–5
	
	

	RGO-ZnO
	8.4 × 10–5
	
	

	PbS2/C8
	1.04 × 10–7
	800
	24

	SnS2/CTA
	9.847 × 10–8
	800
	25

	(MA)2CuCl4
	1.5 × 10–6
	800
	26

	Dual-type II CQWs
	3.31 × 10–9
	532
	27

	021-InTCPP (Fe3+Cl−) film
	2.64 × 10–6
	532
	28

	011-InTCPP (Fe3+Cl−) film
	6.35 × 10–6
	
	

	Cu3VSe4 nanocrystals
	1.0 × 10–7
	532
	29

	Fullerenols-metal complexation
	1.8 × 10–6
	532
	30



Supplementary Table S5. The OL threshold (FOL) comparison of some reported NLO materials and PMOL.
	Samples
	FOL (J/cm2)
	Wavelength /pulse width
	References

	The 200-7 PMOL
	< 0.013
	532 nm/8 ns
	This work

	CuPc-PI-COF-1
	9.55
	532 nm/ns level
	7

	[bookmark: _Hlk193806575]ZnTPyP-1/ PDMS
	0.32
	532 nm/5 ns
	20

	ZnTPyP-2/PDMS
	0.57
	
	

	PIZA-1 thin film
	5.04
	532 nm/5 ns
	22

	C60@PIZA-1 thin film
	5.51
	
	

	Fullerenols/Ni2+ p-OIHs
	0.0308
	532 nm/5 ns
	30

	MFs film
	0.00625
	532 nm/5 ns
	31

	HPH film
	0.00834
	
	

	5PCH-ZnS
	1.99
	532 nm/7 ns
	32

	MoS2/PMMA
	0.315
	800 nm/100 fs
	33

	
	0.629
	800 nm/10 ps
	

	Cu3HHTP2
	1.83
	532 nm/15 ns
	34

	Co3HHTP2
	3.03
	
	

	Ni3HHTP2
	4.19
	
	

	CTS@CuBDC
	0.92
	532 nm/5 ns
	35

	Photonic crystals@LiNbO3 
	0.062
	1064 nm/8 ns
	36

	SiO2@CsPbBr3 QDs
	1.68
	532 nm/7 ns
	37

	SWNTd-TPPe
	0.07
	532 nm/5 ns
	38

	Graphene-Cu-porphyrin
	0.1
	532 nm/6 ns
	39

	Au144
	3
	532 nm/5 ns
	40

	MQD-TPP/PMMA film
	1.62
	532 nm/6 ns
	41

	BP: C60
	4.5
	532 nm/6 ns
	42
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