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Figure S1. The static testing system used for testing the gas-sensing performance of the sensors.
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and Albena Paskaleva The interdigital electrode used in this work to make the sensor is shown in the top
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The static testing system used for testing the gas-sensing performance of the sensors
o in this work is shown in the bottom part of Figure S1. During the test process, the liquid

reagent was injected into the evaporator in the test chamber by the microinjector through
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where C (ppm) represents the concentration of the target gas, o is the density of the
corresponding solvent, v (uL) is the volume of the corresponding solvent, w% is the mass
fraction of solute in solvent, n represents the amount of substance, and M stands for molar
mass.

After the test is completed, open the test chamber to allow the test gas inside to be
discharged. The thermometer and hygrometer inside the testing chamber are used to
monitor the ambient temperature and humidity during the testing process. In the experi-
ment, the ambient humidity was maintained at about 43+2% and the temperature was
maintained at about 20+2 °C.

For pure solute solutions including ethanol, methanol, acetone, benzene, and toluene
(99.9% wt.%), only high-purity target gases can be obtained by evaporating the corre-
sponding liquid reagent. However, for non-pure solute solutions including formaldehyde
(40 wt.%), evaporation of the solution not only obtains the target gas but also produces
water molecules. As shown in Table S1, injecting 10 ppm formaldehyde into the test
chamber will introduce 24.7 ppm water molecules; the response properties of the F-TiO2-
0.3-based sensor to different concentrations of water molecules have been studied (Figure
S2). It can be seen that no obvious response signal was observed. Compared with formal-
dehyde gas, the water produced by solution evaporation will not interfere with the per-
formance of the sensor.

2.0x10" I 1220°C RE—41% i
2 b —+—F-Ti0,-0.3
7]
al-s"l“ 12.35ppm  24.7ppm 49.3ppm 122.9ppm
A
8 = —a F-TI003
= 7 -
m 1.0x107 - i osu
— e
-E m‘“
2 5
m EGM
5.0x10° - -
[LEh
P E W T W 15 B
Concentration (p pn)
0.0 r T ' '
0 1000 2000 3000 4000 5000
Time (s)

Figure S2. The response of the F-TiO2-0.3-based sensor to different concentrations of water mole-
cules.

Table S1. Composition of the aqueous solutions used for preparation of the formaldehyde vapors.

Targeted HCHO (ppm) 5 10 20 50
Total volume of HCHO solution (uL) 0.82 1.65 33 8.2
The volume of the corresponding H,O (uL) 0.5 0.99 1.98 4.94

Concentrations of the corresponding H,O (ppm) 12.35 24.7 49.3 122.9
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Figure S3. The EDX spectra and atomic content of each element of pure TiOz, F-Ti02-0.1, F-TiO2-0.1,
F-TiO2-0.3, and F-TiO2-0.4 samples.
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Figure S4. Resistance curves of (a) the F-TiO2-0.1 sensor, (b) the F-TiO2-0.2 sensor, and (c) the F-TiOz-
0.4 sensor to 1-10 ppm HCHO at room temperature under UV irradiation.
The LOD can be estimated by following equations (52) and (53) according to the sig-
nal-to-noise approach (Li et al., Nano Letters 2003, 3, 7, 929-933):
RMS,,i
LOD = 3 x ~Xinoise (S2)
—2
> (R;—R
RMSypise = \’ l_l(nl ) (83)

where RMSnoise (root mean square noise) is the standard deviation of resistance (R),
Riis the measured resistance, R is the average of R;, and b is the slope in the calibration
curve between the sensor response and gas concentrations. In this work, the RMSnoise of
the F-TiO2-0.3 sensor is calculated to be 0.0011 and the slope (b) of the sensor is 0.0482, as
shown in Fig. 8(d). So, the LOD of the F-Ti02-0.3 sensor is estimated to be 0.0185 ppm.
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Figure S5. Fifth-order polynomial fit of the F-Ti02-0.3 sensor at the baseline before HCHO expo-
sure.

Table S2. Fifth-order polynomial fitting data of the F-TiO2-0.3-based sensor.

Time R;-R (R;-R)?

0 5.21E-04 2.71321E-07

80 -3.99E-05 1.5924E-09
160 1.04E-03 1.09122E-06
240 1.70E-03 2.90571E-06
320 1.25E-03 1.57406E-06
400 -1.64E-05 2.69449E-10
480 -1.34E-03 1.78326E-06
560 -1.88E-03 3.51707E-06
640 -1.23E-03 1.51725E-06
720 1.25E-04 1.56115E-08
800 4.18E-04 1.7451E-07
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Figure S6. Response and recovery times of the F-Ti02-0.3 sensor to 30 ppm HCHO under five re-
peatability tests.
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Figure S7. (a) O 1s spectra, (b) Ti 2p spectra, and (c) F 1s spectra of F-TiO2-0.3 hollow spheres before
and after the sensing tests.
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Figure S8. Fitting impedance spectra of the F-TiO2-0.3 hollow sphere sensor before and after the
sensing tests.



