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Fig. S1 Topography of synthetic materials. a) TEM image of V,CT,.b-f) SEM images of
V,CT,@MoS, composite materials. b) V,CT,@MoS,-0.5, c) V,CT, @M0S,-0.75, d) V,CT,
@Mo0S,-1, e) V,CT, @M0oS,-2 and f) V,CT, @MoS,- 4.
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Fig. S2 Spectra of synthesized samples with labeled standard XRD cards. a) V,CT,, b)
MOSz.
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Fig. S3 Raman spectra of V,CT, MoS,, and V,CT,@MoS,-2.
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Fig. S4 Response and baseline resistance of V,CT,@MoS, based sensors to 10 ppm

ammonia at different temperatures.
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Fig. S5 Comparison line plot of the response of V,CT, @MoS, composites with different

mass ratios in the range of ammonia concentrations from 0.2 to 1 ppm.
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Fig. S6 Sensing performance test of V,CT, and MoS, composite sensors with different

masses at room temperature within 0.2-10ppm concentration and at 43% relative

humidity. a) V,CT, @MoS,-0.5, b) V,CT, @Mo0S,-0.75, c) V,CT, @MoS,-1 and d) V,CT,

@ MOSZ- 4,
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Fig. S7 Nyquist diagram of V,CT, and MoS, composites at different mass ratios.
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Fig. S8 Variation in resistance of a pure MoS, sensor at different ammonia

concentrations at room temperature.



w— Mo, unit:ppm
2-
)
=
N
= 10
w
3 5 8
g 02 03 05 08 1
2,14
W
W
&
0_
0 0 o o 0O o 0 o 0 0
T

T L] T T T
0 200 400 GO0 80O 1000 1200
Time (s)

Fig. S9 Dynamic response of a pure MoS,; sensor at different ammonia

concentrations at room temperature.
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Fig. S10 Comparison of the resistance of pure MoS, sensor, pure V2CT, sensor and

V,CT,@MoS,-2 sensor with ammonia concentration.
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Fig. S11 Comparison of the responses of pure MoS, sensors, pure V,CT, sensors and

Response (%)
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V,CT,@MoS,-2 sensors with ammonia concentration.
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Fig. S12 Variation of resistance of V,CT,@MoS,-2 composite sensor at room

temperature under different humidity.

13



Computational details

Spin-polarized DFT calculations were performed using the Vienna ab initio
simulation package (VASP) codel 2. The projector augmented wave method (PAW)
and the Perdew—Burke—Ernzerhof (PBE) exchange-correlation function were
performed to describe both valence electron and core interactions 3 4. A plane wave
basis with a kinetic cut-off energy of 450 eV was utilized. All structures were fully
optimized until energy and residual force convergence criteria of 10~ eV and 0.03
eV/A were met. The DFT-D3 method® was utilized for accurate estimation of
adsorption strength. Sampling was conducted using a 1 x 1 x 1 Monkhorst-Pack grid
for general calculations, while a dense 3 x 3 x 1 Monkhorst-Pack grid was employed

for electronic property calculations.

The difference in charge density is defined as BP =P ot =P+ = Pmol , where P xmol |

P« and Pmol represent the electron densities of the slab with the adsorbed molecule

(including NH3, CH,0, CH3;0OH, and CH3COCHs), the isolated slab, and the isolated

molecule, respectively. Additionally, the adsorption energy E aas per molecule is

E .. =E E,-E

ads xmol — = x mol where E ol stands for the energy of the

defined as
monolayer with the adsorbed molecule, E, is the energy of a clear monolayer, and

E . .
mol js the energy of an isolated molecule under vacuum.
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Fig.S13 a) The constructed initial models of ammonia (NHs), acetone (C3HgO),
methanol (CH,0) and formaldehyde (CH,0), b) V,C(OH), and V,C(OH),@2H-

MoS,(002).
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Fig.S14 Model diagram of a) V,C(OH), adsorbed ammonia (NHs), acetone (C3HgO),
methanol (CH,0) and formaldehyde (CH,0) molecules, b) V,C(OH),@MoS, adsorbed
ammonia (NHs3), acetone (C3HgO), methanol (CH;0) and formaldehyde (CH,0)
molecules, c) Difference in charge density of V,C(OH),@MoS, model with ammonia,

acetone, methanol, and formaldehyde molecules.
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Fig.S15 UPS spectra of a) V,CT,, b) MoS,, c) V,CT,@MoS,-2.
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Table S1. Comparison of the performance of the proposed sensor and previously

reported ammonia sensors

Detection
LOD Response Recovery
Material range Sensitivity Ref.
(ppm) time(s) time(s)
(ppm)
Nb,CT, 105s@ 143s@ 9.3%@
1-100 1 6
/PANI 10ppm 10ppm lppm
TisC Ty 36s@ 44s@
0.5-100 0.5 - /
/Sn0, 50ppm 50ppm
MoS, @ 45s@ 53s@
1-50 1 - 8
MoO; 50ppm 50ppm
TisC,T,/TiO, 117s@ 88s@ 6.31%@
10-800 0.5 2
/MoS, 100ppm 100ppm 100ppm
PANI/Pt 15s@ 103s@  16.64%@
1-500 0.25 10
/MoS, 50ppm 50ppm 50ppm
MoS, 80s@ 70s@ 40% @
25-500 0.72 1
/graphene 200ppm 200ppm 200ppm
TisC,T, 7.2%@
10-100 10 - - 12
/graphene 100ppm
PANI
32s@ 36s@
/MWCNTs 0.25-20 0.25 - 13
0.25ppm 0.25ppm
/MOSZ

9.82s@ 24.22s@ 8.71%@ This
V,CT,@MoS,; 0.2-1 0.129
lppm lppm 0.2ppm work
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Table S2 Comparison of this study with previously reported ammonia sensors in terms

of response values

Materials Response Year published Ref.
TisC, 2%@50ppm 2019 14
rGO/ZnO 3.05%@50ppm 2016 15
TisC,T,@TiO, 3.1%@10ppm 2019 16
PANI/rGO 13%@15ppm 2019 17
NiWO4/MWCNTs 13.07%@50ppm 2021 18
SWCNT/PPY/PA 2.2%@1ppm 2020 19
PEDOT:PSS/N-MXene 13%@10ppm 2021 20

Ti3C2Tx/PVDF-ZIF-67 4.7%@25ppm 2024 21
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Fig. $16 Gas sensing mechanism toward NH; gas for the V,CT,@MoS, nanohybrid.
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