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Monitoring pH in high-temperature, high-pressure (HTHP) condition with high 
salinity has been a challenging task because conventional glass or metallic 
electrodes cannot withstand the highly caustic environment, whereas pH 
influences fluid-rock interactions and corrosion. Here, we report a multifunctional 
nanocomposite colorimetric pH-sensitive hydrogel that can withstand HTHP 
environments. By integrating a functionalized pH indicator into the acrylamide-
based network, the dye is covalently immobilized to preserve long-term optical 
performance without being bleached. To mitigate the hydrothermal degradation 
of polyacrylamide-based hydrogels in HTHP conditions (150°C and 20 kpsi), N-
vinyl-pyrrolidone (NVP) and polyethyleneimine (PEI) were employed in 
copolymerization steps. Variable-time rheology measurement after HTHP 
treatment indicated that PEI played a role as secondary crosslinker; while 24 h 
HTHP exposure causes a 7-fold reduction in stiffness G’»2.9kPa, the network 
strengthens overtime (G’ recovers to 10kPa after 72 h at the room temperature). 
Importantly, the hydrogel was confirmed to retain colorimetric pH response 
capability after the HTHP treatment. Our multifunctional nanocomposite 
colorimetric pH-sensitive hydrogel demonstrated its efficacy as a chemical 
sensor platform technology in extreme HTHP environments. Envisioned 
application includes environmental monitoring near underwater volcanoes or 
deep subsurface groundwater adjacent to magma. 
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