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Figure S1 The actual picture of the test device and gas sensor.
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Figure S2 The Raman spectra of SnO2 NPs, 0.5%Co-SnO2 NPs, 1%Co-SnO2 NPs, 
2%Co-SnO2 NPs.
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Figure S3 The response transient curves of the (a) 1%Co-SnO2 NPs, (b) 2%Co-SnO2 

NPs, (c) SnO2 NPs at 90°C and different formaldehyde concentration.
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Figure S4 (a) The change curves of resistance Ra of samples in air with temperature, 

(b) the resistance change curves of the samples with 30 ppm formaldehyde at 90°C.

Limit of detection (LOD) calculation
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The sensor noise (RMSnoise) is usually calculated from the standard deviation of the 

sensor baseline. From figure 6 (b), 270 points were collected before the sensor was 

placed on the target gas, and the calculated standard deviation (S) was 0.0128.

                                                   (S1)
𝑅𝑀𝑆𝑛𝑜𝑖𝑠𝑒 = 𝑆2

𝑁

where N is the number of data points. The value of RMSnoise is 0.00078. The ratio of 

signal (S) to noise (N)(S/N) is 3 (International Union of Pure and Applied Chemistry 

(IUPAC) definition) and the slope is 4259.0 (From figure 9 (b)), therefore:

                     (S2)
𝐿𝑂𝐷 = 3

𝑅𝑀𝑆𝑛𝑜𝑖𝑠𝑒

𝑆𝑙𝑜𝑝𝑒
= 3 ×

0.00078
4259

= 0.00000055 𝑝𝑝𝑏

in this work, the theoretical detection limit of formaldehyde was estimated to be about 
5.5 * 10-7 ppb.

Calcualtion of the Debye lengths of SnO2

                                                        (S3)
𝜆𝐷 =

𝜀𝑘𝐵𝑇

𝑞2𝑁0

 = 13.5  8.85  10-12 Fm-1
𝜀𝑆𝑛𝑂2 × ×

 = 1.38  10-23 JK-1𝑘𝐵 ×

T = 363 K

q = 1.6  10-19 C×

 = 3.6  1018 cm-3
𝑁𝑆𝑛𝑂2 ×

 = 2.55 nm
𝜆𝑆𝑛𝑂2


