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Abstract This study realizes a portable sensor for dual sensing of oxygen and temperature using a digital color chip
with a simultaneous measurement function of three colors, namely, red-green-blue (RGB). An ormosil sol-gel
matrix is doped in the sensing film coating on the color chip with three fluorescent dyes. All dyes are excited using
a 405-nm light-emitting diode. The emission wavelengths match the three RGB channels of the color chip separately
without a spectral overlap. Under various temperatures and oxygen concentrations, the experimental results show
that the developed sensor allows a simultaneous monitoring of both temperature and oxygen with good stability and
has an excellent linear response in the oxygen concentration range of 0%-30% and the temperature range of 25-
75 °C.
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Table 1 Experimental reagents and related parameters

Reagent Supplier Purity
P{TFPP Alfa Aesar >99.0%
Rh110 Alfa Aesar =99.0%
AFC Sigma-Alorich =99.0%
TEOS Sinopharm Chemical >=95.0%
Octyl-tri EOS  Sinopharm Chemical =95.0%
TESPIC Sinopharm Chemical >95.0%
Triton-X-100 Wuhan Shenshi Chemical pure
THF Wuhan Shenshi Analytical pure
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Table 2 List of experimental instruments

Instrument

Specification type

Producer

Magnetic heating stirrer

Jintan China

Digital ultrasonic cleaner KQ3200DB Kunshan China

Centrifuge D-37520 Wuhan China

Rotary evaporator RE-52AA Shanghai China
Fluorescence spectrophotometer F-7000 Hitachi High-Technologies
Electron microscopes SU8010 Hitachi High-Technologies
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Fig. 1 Schematics of sensors. (a) 2 pL. AFC film; (b) 2 pL. PtTFPP film; (c¢) 2 pLL Rh110 film;
(d) 2 pL mixed film; (e) without film
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Fig. 2 Dual-sensor performance detection device
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oxygen-sensitive material
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Table 3 Measurement value and accuracy of oxygen concentration

Standard value /% 3 6 9 12 15 18 21 24 27 30
Measured value /% 2.88 5.71 9.32 11.58 15.23 18.39 21.36 24.41 27.22 30.15
Bias /% —4.00 —4.83 3.56 3.50 1.53 2.17 1.71 1.71 0.81 0.50

Al I A (B T FOR

Table 4 Measurement value and accuracy of temperature

Standard value /°C 5 15 25 35 45 55 65 75
Measured value /°C 4.12 14.26 24.86 34.17 46.83 56.24 63.85 72.85
Bias /% —17.60 —4.93 —0.56 —2.37 4.07 2.25 —1.77 —2.87
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