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SI1: MEMBRANE SOLUBILITY AND STABILITY ASSESSMENT
Figure S1 shows the visual confirmation of membrane stability following deep eutectic solvent exposure. PVDF and PBI membranes maintained their structural integrity throughout the 7-day exposure period, demonstrating no visible dissolution or degradation. This visual assessment supports the Hansen Solubility Parameter predictions where RED values greater than 1.0 indicated chemical resistance. 
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Figure S1. Visual assessment of the different polymeric membranes stability in DES at various time intervals: (a) initial exposure, (b) 15 minutes exposure, and (c) 24 hours exposure.
SI2: MEMBRANE CHEMICAL CHARACTERIZATION
Figure S2 presents the FTIR analysis demonstrating the presence of polyethylene glycol (PEG) pore-forming agent in the PVDF membrane structure. The spectrum shows characteristic C-O-C asymmetric stretching vibration at 1240-1250 cm⁻¹ and C-H rocking vibrations at 840-960 cm⁻¹ associated with PEG. These peaks confirm the incorporation of PEG during membrane fabrication and validate the XPS findings regarding PEG extraction during DES exposure. 
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Figure S2. FTIR spectroscopic analysis of PVDF membrane with and without polyethylene glycol pore-forming agent showing characteristic peak differences.
SI3: DES-MEMBRANE INTERACTION UNDER VARIOUS EXPERIMENTAL CONDITIONS
Figures S3-S5 illustrate the DES concentration profiles on PVDF membranes under different experimental conditions where no significant membrane-solvent interaction was observed. These figures demonstrate the temperature and concentration dependence of the membrane-DES interaction mechanism, providing crucial insights into the selectivity of the adsorption process. The experimental conditions explored include various temperature ranges and DES concentrations to establish the adsorption window for effective membrane-solvent interactions. The absence of significant interaction under some of these specific conditions highlights the critical role of temperature and concentration in governing the membrane-DES system behavior and confirms that meaningful adsorption occurs only under very specific conditions.
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Figure S3. DES concentration profiles over time at 40°C showing different initial concentrations (20, 50, and 80 v/v%).
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Figure S4. DES concentration profiles over time at room temperature (25°C) showing different initial concentrations (20, 50, and 80 v/v%).
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Figure S5. DES concentration profiles over time at 15°C showing: (a) different initial concentrations (20, 50, and 80 v/v%) and (b) adsorption behavior at 80 v/v% concentration.
The absence of significant adsorption under these conditions highlights the specificity of the interaction mechanism observed at 15°C with 80 v/v% DES concentration, demonstrating that the adsorption process is highly dependent on both temperature and concentration parameters.
SI4: KINETICS AND ISOTHERM MODEL ANALYSIS
Table S1 provides a comprehensive summary of the kinetic model parameters for DES adsorption onto PVDF membranes. The reversible pseudo-first order (PFO) model demonstrated superior correlation with experimental data compared to the reversible pseudo-second order (PSO) model. The kinetic parameters include adsorption rate constant (K₁) and desorption rate constant (K₂), which govern the forward and reverse reaction rates respectively. The table also presents the maximum adsorption capacity (Qₘ), representing the theoretical maximum amount of DES that can be adsorbed by the membrane, and the equilibrium capacity (qₘ_rev), which indicates the actual adsorption capacity achieved under reversible conditions. Both models show identical equilibrium capacities despite different kinetic behaviors, confirming the reversible nature of the DES-membrane interaction.
Table S1. Kinetic Model Parameters for DES Adsorption onto PVDF Membranes
	Kinetics Model
	R-squared value
	Constants

	
	
	K1
	K2
	Qm(µg/g)
	qm_rev(µg/g)

	Reversible Pseudo First Order (PFO)
	0.9917
	0.2355hr-1
	0.1632hr-1
	27.57
	11.02

	Reversible Pseudo Second Order (PSO)
	0.9828
	0.0071g/µg.hr
	0.0299 g/µg.hr
	33.63
	11.02



Figures S6-S8 present the isotherm model analysis for DES adsorption onto PVDF membranes, fitting of experimental data to classical adsorption models.
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Figure S6. Plot of Langmuir isotherm model fitting to experimental data
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Figure S7. Plot of Freundlich isotherm model fitting to experimental data.
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Figure S8. Plot of Temkin isotherm model fitting to experimental data.
The superior fit of both Freundlich and Temkin models compared to the Langmuir model indicates that DES adsorption onto PVDF membranes involves heterogeneous surface interactions and multilayer adsorption mechanisms, consistent with the complex morphology of PVDF membrane surfaces.
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