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Computational methodology: DFT calculations were performed with the Dmol3 package code in Material Studio 8.0. the double
numerical plus polarization (DNP) basis set and the generalized-gradient approximation (GGA) with the Perdew-Burke-Emzerhof
(PBE) were employed to obtain all the results reported below? 2. In order to avoid the interaction between adjacent cells, a
vacuum slab of 15 A was established. The core treatment was set as Effective Core Potential to manage the interaction
between the nucleus and valence electron, whereas the Brillouin zone k-point sampling was performed in 2x2x1 Monkhorst-
Pack mesh. The energy tolerance accuracy, maximum force, and displacement were set as 10-> Ha, 2x10-2 Ha/A, 3.7 A and 5x10°
2 A, respectively. For static electronic structure calculations, self-consistent loop energy of 10~ Ha and smearing of 0.005 Ha
were employed to ensure the accurate results of total energy?.

The formation energy (Es.;) between Pt and support was calculated by the following equation:

Efor = Ept/support — (Ept + Esupport)

Ept/supports Ept @and Egypport are the total energies of the total energy of the support combined with Pt, Pt and support, respectively.

Gas distribution formula
For vapors:

VxCxM 273+Tg
=22.4><d><Px273+TB><

V; 10°
For gases:
273 + Ty
X ——X
V=V X C 273+ Ty 10

V; represents the volume of liquid vapor or high purity gas to be injected during gas distribution (unit: ml), V represents the
volume of test bottle (unit: ml), M represents the molecular weight of the prepared liquid, D represents the specific gravity
(unit: g/cm?3), P represents the purity (liquid), T represents the ambient temperature, Tg represents the temperature in the test

bottle (unit: °C), C represents the concentration of liquid vapor to be configured for the experiment (unit: ppm).
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Supplementary Figure S1. a) The real picture and b) schematic diagram of the test system.
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Supplementary Figure S2. XRD pattern of Ti,Nbi,N.
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Supplementary Figure S3. XPS spectra a) Wide-range, b) Ti 2p region, c) Nb 3d region and d) N 1s region spectra of
Pt/Tip.7sNbg 25N NPs, e) Pt 4f region spectra of commercial Pt/C and Pt/TiyNb,.,N.
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Supplementary Figure S4. a) XRD pattern and b) SEM images of molten precursor. The SEM images of c) NbN, d) Tig 2sNbg 75N, e)
Tio,sNbo_sN and (f) TiN
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Supplementary Figure S5. N, adsorption-desorption isotherm and pore size distribution of Tig75Nbg 2sN.

7/16



1.0190 ppm HCHO

=0.75

o
L5

Al _, /Al
o
IS

0.0 0.00 0.25 0.50 0.75 1.00

Pt-Ti,Nb,_N

Supplementary Figure S6. The ratio of the A/ of Pt/Ti,Nb;N sensor to that of Pt/Tiy75Nbg,sN sensor in 50 ppm formaldehyde.
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Supplementary Figure S7. Current baseline of Pt/Tig75Nbg 5N and commercial Pt/C sensor in air for 20 min. The insets show
zoomed-in regions spanning 200 s.
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Supplementary Figure S8. a) Average change in response (A/) of Pt/Tig75sNbg,sN sensor to 50 ppm formaldehyde gas. Shaded
areas represent standard deviations (SDs, n=6). b) Average real-time response of Pt/TiysNbg,sN and Pt/C-based sensor to 50
ppm formaldehyde at fresh and 2 months later.
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Supplementary Figure S9.a) Selectivity and b) selectivity improvements of Pt/Ti,Nb,.,N (x=0, 0.25, 0.5, 0.75, 1) sensor toward
various analyte gases.

Figure S9a shows the response of Pt/TiNb;,N on 50 ppm formaldehyde (HCHO), methanol (CH3OH), ethanol (C,HsOH),
hydrogen (H,), carbon monoxide (CO) and carbon disulfide (CS,) under the same conditions. Although all the sensors exhibit
selectivity for formaldehyde, Pt/Tip75sNbg 5N has the highest formaldehyde response. Compared to other sensors, the response
of Pt/Tig75Nbg 25N to other interfering gases is effectively suppressed. Adjusting the composition of ternary nitrides can change
the surface chemical properties of nitrides and affect the catalytic activity for gas reaction.* > When the atomic ratio of Ti to Nb
is adjusted to 3:1, the catalytic activity of the gas sensing catalyst for formaldehyde is significantly enhanced. This may be due
to the synergistic effect of Pt and Tip75Nbg,sN, which makes the catalyst show the best catalytic activity for formaldehyde. As
shown in Figure S9b, we confirm that Pt/Tig;sNbg,sN is the best composition of Ti,Nb;,N offering selectivity for sensing
formaldehyde. This is determined by calculating the selectivity (Alncno/Alother gos) Of the sensor. Therefore, Tig7sNbgasNis
selected as catalyst support to replace carbon black for improvement in the performance of the sensor.
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Supplementary Figure S10. Formation energy of Pt/Tig75sNbg,sN and Pt/C.
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Supplementary Figure S11. The influence of relative humidity (RH) on the gas sensing performance of the sensor. a) Transient
response and b) response current and drift percentage under different RH.
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Supplementary Table S1. The results of as prepared Ti,Nb;,N

Sample Atomic ratio of raw materials (Ti:Nb)  The results of ICP (Ti:Nb)
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Supplementary Table S2. The summary of gas sensing devices for formaldehyde sensing characteristics reported recently

Sensing electrode

Pt/Tio.75Nbg 25N
Pt/C (JM)
Ni=In,03/WS,
Ag@Pt@ZnO
Au/In,03
Co-doped In,03
6%-Ag/Nis g In,0;3
CdO/CdGa,0,

2D GO/Sn0,
La,03-Sn0,-Sn30,
PEI/BC

PDA/ZnO

7.5 wt.% K-CGO
PdAu/Sn0O,

5% Ca-In,03
H-Sn02@rGO
Pr-BiFeO3
NiO/NiFe,04
Sn30,4/rGO
LaFeOs
PdO-Zn0O/ZnCo,0,
Sn-MOFs
Sn0,/Zn0

Working
conditions
RT

RT

RT

280 °C
100 °C
130°C
160 °C
110°C
60°C
220°C
200 MHZ
RT

120 °C
110°C
130°C
130 °C
190 °C
240 °C
150 °C
125°C
139 °C
120 °C
200 °C

Sensing signal

Current
Current
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Frequency shift
Enthalpy (AH°)
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance

Resistance

Typical response

10.42pA (50 ppm)
3.01pA (100 ppm)
32 (20 ppm)

0.26 (240 ppb)
85.67 (50 ppm)
23.2 (10 ppm)
74.01 (50 ppm)
1.5 (10 ppm)
2275.7 (100 ppm)
117.29 (100 ppm)
35600 HZ (10 ppm)
~800 HZ (30 ppm)
90 (10 ppm)

125 (100 ppm)
116 (100 ppm)
435 (10 ppm)
30.1 (100 ppm)
27 (50 ppm)

44 (100 ppm)

116 (5 ppm)
26.5(100 ppm)
882(2 ppm)
38.2(20 ppm)
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Sensitivity

0.208 pA/ppm
0.058 pA/ppm
14.84/ppm

/

1465/ppm
~2.5/ppm

/
4.454/ppm

/
0.00125/ppb
5.8 Hz/ppb
0.46 Hz/ppb
7.021/ppm
111.3InC
1.2/ppm
159/ppm
~0.25/ppm

/
0.3754/ppm
1.37/ppm
0.32/ppm

/
0.5056/ppm

TI’ES/TI'ECO time (S)

14/19
38/57
76/123
162/225
25/198
60/12
1.45/58.2
10/120
81.3/33.7
3/3
34/28

/

1/62
68/32
116/328
/

17/19
9/3
4/125
3.8/25.6
12/22
19/~25
27/89

Sensitivity drift

1%/2 months
43%/2 months
~3%/2 months
~5%/42 days
~5%/1 month
~10%/30 days
3%/21 days
10%/45 days
/

/

~5%/32 days

/

~15%/30 days
/

~35%/30 days
~3%/10 days
~10%/28 days
~3%/30 days
~6%/56 days
4%/15 weeks
~13%/90 days
~20%/8 days
~12%/7 months
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