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Abstract

This paper proposes and validates a ZIF-8-coated liquid-core fiber interferometer for COz and CH4
concentration sensing. The sensing section consists of a quartz capillary filled with a solution of
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refractive index 1.35, fused between two single-mode fibers, with ZIF-8 deposited on the outer surface
via the dip-coating method. Upon gas adsorption, the refractive index change of ZIF-8 alters the effec-
tive refractive index of the cladding mode, causing interference spectrum drift. Experiments em-
ployed a mass flow controller to prepare 0%~100% COz/Nz and CH4/Nz mixed gases, which were con-
tinuously introduced for testing at room temperature. Results indicate: COz concentration sensitivity
of approximately 18.6 pm/%, CH4 concentration sensitivity of approximately 9.7 pm/%, with trans-
mission minima red-shifting as both gas concentrations increased; repeated gas introduction/ex-
haust cycles demonstrated excellent repeatability and stability of the sensor. The proposed sensor
features a simple structure and facile fabrication, making it suitable for COz and CH4 concentration
monitoring in environmental and industrial applications.
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Figure 1. Schematic diagram of the sensor structure: single-mode fiber-quartz capillary (filled with refractive index matching
liquid)-single-mode fiber, with ZIF-8 coated on the outer surface of the capillary
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Figure 2. Fabrication process of ZIF-8 coating via drop-coating
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Figure 3. Comparison of transmission spectra: (a) Liquid-core capillary without ZIF-8 coating in air; (b) Liquid-core capillary
coated with ZIF-8 in air
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Figure 4. Schematic of instrument connection: The optical path consists of BBS-gas cell-OSA. Gas cylinders of CO2, N2 (or
CHa4, N2) are connected to a mass flow controller and gas mixer, and then introduced into the sensing head
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Figure 5. CO2 concentration response characteristics: (a) Transmission spectra at different CO> concentrations; (b) Linear

fitting of interference dip wavelength shift versus COz concentration; (c) Linear fitting of transmitted light intensity variation
versus CO:z concentration
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Figure 6. CHs concentration response characteristics: (a) Transmission spectra at different CH4 concentrations; (b) Linear
fitting of interference dip wavelength shift versus CHa concentration; (c) Linear fitting of transmitted light intensity variation
versus CH4 concentration
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Figure 7. Dynamic response of the sensor: (a) COz response curve; (b) CH4 response curve
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