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Table S1. Comparative analysis of environmental stability strategies for optoelectronic devices
	Strategy
	Material
	Application
	Conditions
	Key results
	Limitations
	Ref.

	Physical encapsulation
	Polyisobutylene (PIB)
PMMA
epoxy polymer
ALD Al2O3
glass–glass
	Solar cells
	85% RH at 85°C
	Blocks moisture and oxygen
Retains >95.17% initial PCE after 1500 h
	Adds mass/bulk; increases fabrication complexity/cost; delamination during cycling, epoxies can crack.
	[1–4]

	
	UV-curable resin shell with AB epoxy sealant and a desiccant sheet
	Photodetector
	85% RH at 25°C
	Retains ~90% of initial photoresponsivity after 24 h and ~73% after 168 h
	Outgassing from the AB epoxy can damage the device
	[5]

	Halogen Bonding
	IPFB, fluorinated XB donors, bifunctional perfluoroarenes
	Solar cells
	Continuous light illumination, high humidity, at 85°C
	Retains 80% of efficiency after 500 h of illumination, and 95% of efficiency after 4 months of storage in r.t.
	Excessive concentration can induce local lattice strain or phase segregation at grain boundaries
and reduce of photocurrent.
	[6–9]

	
	1,4-TFIB
	Photodetectors
	Up to 98%RH and 120°C through 12 days
	Reduction in deviation of responsivity and roughness in wide range of temperature and humidity values (98%RH, 120°C)
	Limits the absolute photocurrent signal
	This work

	Compositional engineering
	FA, MA, Cs, or Rb cation mixing
	Solar cells
	85% RH, up to 140°C
	Enhanced moisture, thermal and photochemical stability
	Alters the intrinsic bandgap; high-temperature processing; potential phase segregation.
	[10–12]

	Doping
	(Mo(tfd-COCF3)3)
	Solar cells
	85°C
	Improving thermal stability while yielding ~21% efficiency.
	High dopant concentrations make the surface too strongly p-type, increasing recombination; dopant solubility limits in solvents.
	[13]
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Figure S1. Current dependence on voltage behavior for the three different samples deposited with three different recipes through temperature (A) and humidity (B) changes  
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Figure S2. Changes in response under the UV LED for the three different samples deposited with three different recipes through temperature (A) and humidity (B) 
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Figure S3. Morphological analysis done with optical microscope showing two samples of PEA+CB, one kept at 60°C for two days (A), and other kept on 60°C for annealing in duration of half an hour (B)
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Figure S4. Morphological analysis done with white light interferometry showing samples for three recipes and their changes induced by increase of temperature (A), and humidity (B).
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Figure S5. Powder X-ray diffraction (XRD) patterns for PEA+CB_A (A), and PEA_A+CB (B) sample in the room condition (r.c.), after humidity treatment, and after temperature treatment.
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