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Figure S1. FT-IR spectra of (a) PS spheres before sulfonation and (b) PS spheres after 

sulfonation. 

The powders of PS spheres before and after sulfonation were measured by using 

FT-IR spectroscopy. The FT-IR spectrum of PS spheres after sulfonation exhibited the 

peaks at about 1033 and 1235 cm
-1

, which were attributed to the symmetric and 

asymmetric stretching vibrations of sulfonic acid (SO3
-
H

+
) groups.

1, 2 
Moreover, PS 

spheres before sulfonation did not have any distinct vibrational frequency in the 

1000-1300 cm
-1

 (Figure S1). Therefore, we could conclude that the S-PS spheres 

were obtained after sulfonation. 

 

Figure S2. SEM image of S-PS spheres. 
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Figure S3. Schematic diagram of the gas sensor. 

Detailed parameters of alumina tube: external diameter: 1.2 mm, internal 

diameter: 0.8 mm, and length: 4 mm; a couple of Au electrodes were previously 

printed on the end of the tube, and each electrode was connected with a pair of Pt 

wires. 

 

Figure S4. The SEM image of the precursor microspheres used to fabricate 3D-IO 

In2O3 MSs (before annealed under an air atmosphere at a temperature of 600 °C for 3 

h). 
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Figure S5. XRD patterns of the S1-S4 samples. 

 

Figure S6. Linear approximation of the detection limit with S3 sensor. 
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Figure S7. (a) The repeatability of the S3 sensor response at cyclic exposure to 100 

ppm acetone at 250 °C; (b) and (c) Long-term stability of the S3 sensor measured at 

the operating temperature of 250 °C. 

 

Figure S8. Dynamic resistance transitions of the S1-S4 sensors toward 100 ppm of 
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acetone at 250 °C. 

 

Figure S9. Ex situ XPS analysis spectra of 3D-IO PdO@In2O3 MSs (S3 sample) in 

the vicinity of Pd 3d (a) in air and (b) in acetone after 10 cycles sensing measurement 

with 100 ppm of acetone at 250 °C. 

We have carried out ex situ XPS analysis to elucidate the catalytic effect of PdO 

NPs. We noted that the PdO NPs are partially reduced to the Pd
0
 state when exposed 

to 100 ppm of acetone, and the binding energy of Pd
0
 state shifted to a higher energy 

compared to the standard binding energy after acetone sensing measurement, which 

can be attributed to the formation of Pd-In alloy.
3
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