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Table S1 NO; sensing performance of MoS»-based sensors.

Gas
W.T. Sensitivity LOD
Materials Conc. Tres/Trec Ref
°0) (Ra/Rg) (ppm)
(ppm)
This
Ti;C. T.@TiO:@MoS: RT (25°C) 50 1.85/70.0s 55.12" 0.023
Work
p-Type MoS: 125 100 14.335/40.67s 10.36%" 0.1 [1]
Monolayers-MoS; film
RT 0.2 83s/133s - 0.005 [2]
(visible light)
MoS: (UV light) RT 50 50s/100s - 0.1 [3]
MoS»/rGO aerogel 200 0.5 --/ < Imin 8.7%" 0.05 [4]
Few-layer MoS; film 120 50 /- 389%2 - [5]
MoS,-ZnO RT 50 1.5s/30.9s ~35" 0.01 [6]
MoS,/C3N4 Hybrid -
RT 50 2.1s/35.7s 61.07" 0.01 [7]
Aerogel
MoS2/ZnO RT 10 /- 40%” -- [8]
MoS:-rGO-Cu,0 RT 1 /- 3.06%" 0.08 [9]
40% 1T- and 60% 2H-
RT 2 10s/-- 25%" 0.025 [10]
MoS;
MoS,-Sn0; RT 100 2.25/225s 34.67" 0.5 [11]
MOF-derived -
RT 20 152s/<179s ~28" 0.1 [12]
In,O3/MoS»
MoS; NSs/PbS QDs RT 10 15s/62s 6.15Y 1 [13]

W.T.: Working temperature; LOD: limit of detection; RT: Room temperature.
O: S=RJ/R,
@): S=|R+-Rg|/Rax100% or S=|Rg-Ra|/Rax100%
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Fig. S1 FT-IR image of bare Ti3C.Tx MXene nanosheets.

As shown in Fig. S1, FT-IR image revealed the stretching vibrations of the bare
Ti3C.Tx MXene at around 3441 and 1650 cm™, corresponding to the adsorbed water
molecules (-OH) and C=0 groups.!* The peak at 1327 and at 1223 cm™! are assigned
to the O-H and C-F,'S and another two obvious peaks at 601, 649 and 823 cm,

corresponding to the stretching vibration of Ti-C, Ti-O and Ti-O-Ti.!6!
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Fig. S2 SEM image of bare Ti3CoTx MXene nanosheets.
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Fig. S4 (a, c and e) XRD patterns and (b, d and f) TEM images of the pristine MoS>,
TiO2@MoS: and Ti;CoTx@MoS2 composites.
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mailto:Ti3C2Tx@MoS2.d图把上部分的MoS2

Generally, MoS> mainly exists in two different polymorphs, including trigonal
prismatic semiconducting phase MoS: (2H-MoSz) and octahedral metallic phase
MoS: (1T-MoSz). In this paper, all the synthesized MoS. are well matched to
2H-MoS,, and 2H-MoS; is simply referred to as MoS,. 1”18

For the pristine MoS; sample, the major XRD peaks at 13.69, 32.10, 35.66, 43.52
and 57.47° correspond to the (002), (100), (102), (006) and (110) plane of 2H-MoS,,
respectively. It shows the spherical structure assembled by MoS; layers, which is
consistent with previous reports.?® In the case of TiO2@MoS., the XRD peaks at 25.3,
37.8,47.9, 55.0 and 62.6° are in good agreement with anatase-TiO:. It is noticed that
the peak for TiO2 (101) crystal plane is sharp and high in intensity, showing a good
crystallinity. Fig. S4e displays the composition of TizCoT«@MoSz, in which the
characteristic peak at 6.44° corresponds to the (002) crystal plane of Ti3CoTx MXene.
Besides, it displays the similar appearance as TizC:T:@TiO2@MoS: but with the

absence of TiOs.
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Fig. S5 (a, b) HRTEM images of Ti;:CoTx@TiO2@MoS: composite (The defects were

marked in white).
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Fig. S6 Raman spectra of the Ti;:CoTx@TiO2@MoSz, TisCoTx@MoS», TiO2@MoS2
composites and the pristine MoS,.
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Fig. S7 XPS spectra of Mo 3d and S 2p for different samples.

Table S2 The bonding energy and peak area percent in Mo>"and S»> XPS spectra.

Mo*" (eV) S (eV)
Sample Mo ar.? (%) S;*" ar. (%)
3dan 3d s» 2p 12 2p 32
Ti3CT:@TiO@MoS> 232.5 229.2 41.1 164.4 163.3 24.1
TiO>@MoS> 232.5 229.1 38.9 164.2 163.1 23.5
Ti3C.Tx@MoS> 2324 229.1 344 164.2 163.1 22.4
MoS; 232.9 229.5 29.8 164.7 163.6 15.2

2ar.% is the area percent of XPS peak. ar.% = [(area(D)+area(2))/peak area of Mo (or S) element]

x100%
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Fig. S8 The core level XPS spectrum of C 1s in TizCTx@TiO2@MoS: and pristine
Ti;C2Tx MXene.

As shown in Fig. S8, the C 1s spectra is fitted by four components located at 281.3,
284.6, 286.3, and 288.5 eV, corresponding to C-Ti, C-C, C-O, and C-F bonds,

respectively. It is obvious that the C-Ti decreased significantly due to the partial

oxidation of Ti3C, T to TiOx.
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Fig S9 The equivalent circuit model used to interpret the EIS data.

Table S3 Parameters obtained by fitting experimental curve to equivalent circuit.

Raw materials R1 (Q) Cl (F) R2 (Q) Cc2(F)
Ti:C.Tx@TiO2@MoS; 4.173%103 3.566x10°1° 5.712x104 5.952x101
TiO2@MoS; 7.685x10° 2.090x10°1 2.172x10° 2.368x10°10
Ti:Co T.@MoS: 2.607x10° 1.008x10!! 5.935x10° 3.957x1010
MoS» 1.604x103 1.280x10!! 1.493x10° 7.902x1010
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Table S4. The experimental conditions in detailed.

Molar ratio Hydrothermal Hydrothermal
Feeding weight (g)
Mo:S temperature (°C) time (h)
200 12
200 24 (optimization)
Na:MoO4*2H>0 : 1.45 200 30
1:4.2
CN:H4S : 1.90 180 12
180 24
180 30
NaxMo0O4+2H,0 : 0.725
1:2.1 200 24
CN:H4S : 1.90
Na;Mo0O4*2H,0 : 1.45
1:8.3 200 24

CN2H4S : 0.95
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Table S5 The response, response time and recovery time of different samples at RT for different NO> concentrations (RH: 23.4%).

Mo:S=1:4.2 Mo:S=1:4.2 Mo:S=1:4.2 Mo:S=1:4.2 Mo:S=1:4.2 Mo:S=1:2.1 Mo:S=1:8.3
Sample
200°C 12h 200°C 30h 180°C 12h 180°C 24h 180°C 30h 200°C 24h 200°C 24h

NO:(ppm) S Tres/S  Trees S Tres/S  Tree/s S Tres/S  Trees S Tres/S  Trees S Tres/S  Trees S Tres/S  Trees S Tres/S  Trees
50 1424 8.0 384 1315 37 629 2087 64 61.3 3528 9.1 624 1817 80 1003 4597 2.1 74.1 4214 3.7 95.5
30 1094 75 432 1008 4.8 533 1145 32 485 1792 101 603 9.44 8.5 832 2412 37 59.2 3463 2.1 74.7
10 4.75 8.5 357 745 43 50.7 540 53 469 4.29 9.6 52.8  8.04 9.6 853  2.67 43 64.5 322 43 66.7
5 3.68 6.4 448 4.19 59 475 1.63 6.4 422 343 101 512 483 5.9 693 224 6.9 48.0 2.19 8.0 62.4
3 3.21 53 459 330 6.9 464  1.38 7.5 39.5 322 8.5 51.7 446 9.1 672  1.99 7.5 56.5 1.93 9.6 54.9
1 2.56 5.9 427 3.06 8.0 549 130 8.5 411  2.72 101 555  2.07 7.5 554 163 107 368 1.73 112 533
0.5 1.93 6.9 379 228 9.6 56.0 1.21 7.4 309 248 107 518 141 11.2 389 1.58 9.6 475 151 13.9 58.7
0.3 1.71 9.1 363  1.65 107 421 1.15 6.9 299 139 128 395 120 11.7 325 135 101 469 133 165 48.0
0.1 1.57 107 347 123 112 41.6 1.08 9.6 17.1 128 112 352 115 123 315 1.14 128 293 129 187 555
0.05 1.22 9.0 304  1.09 12.8 203 - - - 1.18 149 293 - - - - - - 1.16 202 437
0.03 1.oo 11.7 229 - - - - - - - - - - - - - - - .10  20.8  42.1

*S: Response

Tres: Response time

Trec: Recovery time
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Fig. S10 Dynamic response curves of (a) TizCoTx@MoSz, (b) TiO2@MoS:, (c) MoS2

and (d) Ti3C2Tx MXene sensors to different concentration of NO2 at room temperature

(RH 23.4%).
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Table S6 The response, response time and recovery time of samples at RT for

different NO: concentrations (RH: 23.4%)).

Sample Ti3C2Tx@Ti02@MOS2 TiOz@MOSz Ti3C2Tx@MOS2 MOSz
NO:(ppm) S Tres/s Trec/s S Tres/s Trec/s S Tres/S  Trees S Tres/s Trec/s
50 55.16 1.8 70.0 14.46 5.5 89.6 25.67 2.1 71.2 7.59 8.5 104.8
30 22.39 2.1 62.2 8.97 6.0 87.8 10.15 2.9 65.7 3.62 9.6 98.3
10 14.34 32 52.5 8.41 6.5 86.2 5.38 32 59.0 2.64 10.1 93.9
5 8.10 3.6 49.3 5.94 6.8 84.0 491 3.9 53.6 2.20 12.3 141.9
3 4.46 3.9 41.8 2.74 7.9 77.6 3.04 4.6 51.5 1.88 12.8 139.7
1 2.48 54 40.0 2.27 9.0 76.7 2.02 6.8 42.2 1.76 14.9 126.9
0.5 1.63 6.1 36.8 1.54 9.8 79.3 1.63 7.5 37.9 1.35 133 90.7
0.3 1.44 6.4 34.7 1.26 10.7 72.0 1.33 8.2 36.4 1.21 15.5 66.7
0.1 1.27 7.2 325 1.09 11.1 66.1 1.24 8.6 34.7 1.11 17.6 63.5
0.05 1.23 7.5 30.7 1.00 11.3 49.3 1.14 93 325 -- -- --
0.03 1.17 7.9 28.9 -- -- -- 1.03 10.4 29.3 -- -- --
0.023 1.08 8.6 26.8 -- -- -- -- -- -- -- -- --

*S: Response

Tres: Response time

Trec: Recovery time
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Fig. S11 The linear fitting of the Ti:CoT.@TiO2@MoS2, TizC:Ty @MoS: and
TiO2@MoS: sensors obtained from Fig.5a and S10a and b.
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Fig. S12 Repeatability of the Tiz:CoTx@TiO2@MoS: sensor to 50 ppm NO2 with 5

circles.
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Fig. S13 NO,-TPD of Ti: C: Tx@TiO2@MoS: composite.
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Fig. S14 The study of contact resistance: (a) gold interdigitated electrode for

equivalent resistance models, and /-V curves of (b) TizC2T: MXene-Au, (c) MoS2-Au,

(d) TizCoTi@MoS2-Au, (e) TiO2@MoS2-Au, (f) Tiz:CoT«@TiO2@MoS2-Au.
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Fig. S15 (a)-(c) UV-Vis absorption spectra and (d)-(f) Tauc plots of Ti;C.Tx MXene,
MoS: and TiO.. (The energy value at the point of intersection at the tangent line and

the horizontal axis is the optical band gap).
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Fig. S16 (a) UV-Vis absorption spectra and (b) Tauc plots of TizCoTx@TiO2@MoS2

composites.
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Fig. S17 (a and b) UV-Vis absorption spectra and (¢ and d) Tauc plots of
TizC2Tx@MoS> and TiO2@MoS, composites.

UV-vis analysis was conducted to further evaluate the band gaps of TisC,T, MXene,
MoS:, TiOz, Tis:CoTx@TiO2@MoS:2, TisCoTx@MoS: and TiO2@MoS: composites are
1.38, 1.86, 3.43, 2.3, 2.68 and 2.82 eV respectively, which were calculated by the
Kubelka-Munk method (Figure S12-17).
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Fig. S19 The gas delivery system diagram for the sensing process.
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