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S1 Series of Experimental Methods for Few-Layer MXene Synthesis: Identifying the
Optimal Approach

In this study, a total of 16 experiments were conducted to identify the most suitable condition for preparing
few-layer MXene. The experimental conditions, including etching type, stirring time, autoclave
temperature, and time, were listed in Tables S1-S16) for each method. SEM analysis for each sample
obtained through all the methods was conducted, and the results are presented in Figs. S1 and S2 only for
the methods that yielded more distinct and observable interlayer spacing. Fig. S1 specifically highlights
the methods that yielded larger interlayer spacing and achieved MXene with a stacked-layer thickness of
less than 1 pm. The most promising results were achieved when the MAX phase was stirred in HF (48%)
for 36 h and then transferred to a simple autoclave, heated at 150 <C for an additional 36 h (Fig. S1f, Fig.
S2, and Table S15). This indicates that stirring alone did not significantly etch the A-layer from the MAX
phases, resulting in approximately 500 nm thick layer-stacks in the MXene flakes (Fig. S1a and Table SI-
1-2). However, transferring the stirred sample to a normal autoclave led to a reduction in thickness to
around 150 nm, indicating the importance of applied pressure for effective etchant penetration (Fig. S1f,
Fig. S2, and Table S15). Based on these results, a high-pressure stainless-steel autoclave was used,
applying both stirring and pressurizing processes simultaneously. This strategic approach further
increased etchant penetration between layers and enhanced interaction with a larger number of flakes,
thereby achieving uniform layer-stacked thicknesses of about 50 nm throughout all MXene flakes even
prior to the exfoliation process (Fig. S1(g-i)), indicating significant removal of the remaining Al.
Subsequently, the product underwent 7 hours of tip-sonication and was washed using centrifugation. The
sediment collected from the bottom and upper part of the centrifuge tube revealed a stack-layer thickness
of about 1~2 pm (Fig. S1j) and <100~600 nm (Fig. 1a and Fig. S3(a-f), respectively. This confirmed that
the hybrid HF-Hydrothermal synthesis condition played a critical role in effectively controlling MXene
thickness, providing a promising approach for producing few-layer MXene materials with enhanced
properties.
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Afterward, the sediment collected from the upper part of the centrifuge tube was dispersed in water and
diluted to a 10-fold dilution compared to the as-collected sediment concentration (Fig. S4a). The diluted
MXene sample was mixed with methanol and transferred dropwise into a beaker containing chloroform
solvent, with a Si-wafer positioned at the bottom. Due to the immiscibility between methanol and
chloroform created an interface where the few-layer MXene flakes (<100 nm) self-assembled, aligning
their size with that of the substrate on the upper surface of the chloroform solvent (Fig. S4b). Subsequently,
excess chloroform was removed, and the film level was adjusted to match the substrate. Finally, the
substrate was lifted and subjected to a drying process at 100 T for approximately 30 min to ensure the
complete dryness of the MXene's film, revealing a thickness of <50 nm (Fig. 1b and Fig. S3a-c). The
main steps involved in this process are illustrated in Schematic. 1 (a-f).

Table S1 Method-1: Different Stirring time

S.No

Sample

solution

Stirrer
time

Autoclave

Washing

Freeze-
dry

Exfoliation
in DMSO

Method-1-1

1g, Ti3AC2

20 ml
HF

24 h

pH ~ 6.0

48 h

2h

Method-1-2

19, Ti:AC,

20 ml
HF

36 h

pH~ 6.0

48 h

2h

Method-1-3

1g, Ti3AC2

20 ml
HF

48 h

pH ~ 6.0

48 h

2h

Table S2 Method-2: Different Stirring time

Method-2-1

19, TizAC;

6 mi DI,
12ml

HCI, &
2 ml HF

24 h

pH~6.0

48 h

2h

Method-2-2

19, TisAC,

6 ml DI,
12ml

HCI, &
2 ml HF

36 h

pH ~ 6.0

48 h

2h

Method-2-3

1g, TisACz

6 ml DI,
12ml

HCI, &
2 ml HF

48 h

pH~6.0

48 h

2h

Table S3 Method-3: Different time and 60 °C in the thermal oven

Method-3-1

1g, TisACz

1gLiF
in 20 ml
HCI

30 min

24hat60 €

pH~6.0

48 h

2h

Method-3-2

lg, Ti3AC2

1gLiF
in 20 ml
HCI

30 min

36 hat60 T

pH ~ 6.0

48 h

2h

Method-3-3

lg, Ti3AC2

1gLiF
in 20 ml
HCI

30 min

48 hat60 T

pH ~ 6.0

48 h

2h
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Table S4 Method-4: Different time and 90 °C in the thermal oven

Nano-Micro Letters

Method-4-1

1g, Ti3AC2

1gLiF
in 20 ml
HCI

30 min

24hat90 T

pH~6.0

48 h

2h

Method-4-2

1g, Ti3AC2

1gLiF
in 20 ml
HCI

30 min

36hat90 T

pH~6.0

48 h

2h

Method-4-3

1g, Ti3AC2

1gLiF
in 20 ml
HCI

30 min

48hat90 T

pH~6.0

48 h

2h

Table S5 Method-5: Different time and 150 °C in the thermal oven

Method-5-1

1g, Ti3ACz

1gLiF
in 20 ml
HCI

30 min

24 hat150 €

pH~6.0

48 h

2h

Method-5-2

19, TizAC;

1gLiF
in 20 ml
HCI

30 min

36 hat150 €

pH~6.0

48 h

2h

Method-5-3

19, TizAC;

1gLiF
in 20 ml
HCI

30 min

48 hat 150 T

pH~6.0

48 h

2h

Table S6 Method-6: Different time and 180 °C in the thermal oven

Method-6-1

19, TizAC;

1gLiF
in 20 ml
HCI

30 min

24 hat180 €

pH~6.0

48 h

2h

Method-6-2

19, TisAC;

1gLiF
in 20 ml
HCI

30 min

36 hat180 €

pH~6.0

48 h

2h

Method-6-3

1g, TisACz

1gLiF
in 20 ml
HCI

30 min

48 hat 180 €

pH~6.0

48 h

2h

Table S7 Method-7: Different time and 60 °C in the thermal oven

Method-7-1

1g, TisACz

1 g NaF
in 20 ml
HCI

30 min

24hat60 €

pH~6.0

48 h

2h

Method-7-2

lg, Ti3AC2

1 g NaF
in 20 ml
HCI

30 min

36 hat60 T

pH ~ 6.0

48 h

2h

Method-7-3

19, TisAC;

1 g NaF
in 20 ml
HCI

30 min

48 hat60 €

pH~6.0

48 h

2h
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Table S8 Method-8: Different time and 90 °C in the thermal oven
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Method-8-1 | 1g, TisAC. | 1 g NaF | 30 min 24hat90 € | pH~6.0 |48h 2h
in 20 ml
HCI
Method-8-2 | 1g, TisAC, | 1 g NaF | 30 min 36hat90 € | pH~6.0 |48h 2h
in 20 mi
HCI
Method-8-3 | 1g, TisAC. | 1 g NaF | 30 min 48hat90 € |pH~6.0 |48h 2h
in 20 ml
HCI
Table S9 Method-9: Different time and 150 °C in the thermal oven
Method-9-1 | 1g, TisAC. | 1 g NaF | 30 min 24hat150 C |pH~6.0 |48h 2h
in 20 ml
HCI
Method-9-2 | 1g, TisAC, | 1 g NaF | 30 min 36hat150 C | pH~6.0 |48h 2h
in 20 ml
HCI
Method-9-3 | 1g, TisAC, | 1 g NaF | 30 min 48hat150 € |pH~6.0 | 48h 2h
in 20 ml
HCI
Table S10 Method-10: Different time and 180 °C in the thermal oven
Method-10- | 1g, TisAC, | 1 g NaF | 30 min 24hat180 C |pH~6.0 |48h 2h
1 in 20 ml
HCI
Method-10- | 1g, TisAC, | 1 g NaF | 30 min 36hat180 C |pH~6.0 |48h 2h
2 in 20 ml
HCI
Method-10- | 1g, TisAC. | 1 g NaF | 30 min 48hat180 € |pH~6.0 | 48h 2h
3 in 20 ml
HCI
Table S11 Method-11: Different time and 60 °C in the thermal oven
Method-11- | 1g, TisAC2 | 5gNHsF | 30min | 24hat60 C |[pH~6.0 [48h 2h
1 in 120 ml
DI water
Method-11- | 1g, TisAC2 | 5gNHsF | 30min | 36hat60 C |[pH~6.0 [48h 2h
2 in 120 ml
DI water
Method-11- | 1g, TisAC2 | 5gNHsF | 30min | 48hat60 C |[pH~6.0 [48h 2h
3 in 120 ml
DI water
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Table S12 Method-12: Different time and 90 °C in the thermal oven

Method-12- | 1g, TisAC2 | 5gNHsF | 30min | 24hat90 C |[pH~6.0 [48h 2h
1 in 120 ml
DI water
Method-12- | 1g, TisAC2 | 5gNHsF | 30min | 36hat90 C |[pH~6.0 [48h 2h
2 in 120 ml
DI water
Method-12- | 1g, TisAC2 | 5gNHsF | 30min | 48hat90 C |[pH~6.0 [48h 2h
3 in 120 ml
DI water
Table S13 Method-13: Different time and 150 °C in the thermal oven
Method-13- | 1g, TisAC2 | 5gNHsF | 30min | 24hat150 € | pH~6.0 | 48h 2h
1 in 120 ml
DI water
Method-13- | 1g, TisAC2 | 5gNHsF | 30min | 36hat150 € | pH~6.0 | 48h 2h
2 in 120 ml
DI water
Method-13- | 1g, TisAC, | 5gNHsF | 30min | 48hat150 € | pH~6.0 | 48h 2h
3 in 120 ml
DI water
Table S14 Method-14: Different time and 180 °C in the thermal oven
Method-14- | 1g, TisAC2 |5gNHsF | 30min | 24hat180 C | pH~6.0 | 48h 2h
1 in 120 ml
DI water
Method-14- | 1g, TisAC, | 5g NHsF | 30 min 36 hat180 € pH~6.0 | 48h 2h
2 in 120 ml
DI water
Method-14- | 1g, TisAC2 | 5gNHsF | 30min | 48hat180 C | pH~6.0 | 48h 2h
3 in 120 ml
DI water
Table S15 Method-15: Combine Method-1-2 and Method-13-2
Sample | solution | Stirrer | Washing | Addedto | Transferred | Washing | Freeze- | Exfoliation
time Solution to Teflon dry in DMSO
Autoclave
1g, 20 ml 36h pH~6.0 | 5gNH4sF | 36hat pH~6.3 | 48h 2h
TisAC, | HF in120ml | 150 <€
DI water
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Table S16: Method-16: Combine Method-1-2 and high pressure stainless-steal autoclave reactor

Sample solution | Stirrer | Washing | Added to | Transferred to Washing | Freeze | Exfoliati
time Solution high-pressure -dry onin
Autoclave DMSO
reactor
1g, 20 ml 36h |[pH~6.0|5gNHs#F |36hat150 C, |pH~65 |48h 7h
TisAC; HF in 120 ml | 200 rpm, and
DI water | total pressure of
22 Mpa
- Method-1-2(9)] & Methed:2-2{()
s "t?'.“;SOO nm \\\\‘ :

Etching methods

Fig. S1 SEM images showing the layer-stacked thickness of the obtained MXene, with values
less than 1 pm. (K) Layered-stack thickness obtained using various employed approaches

Method-6-2

Method-10-2

Fig. S2 SEM images of partially etched MXene prepared by stirring TisAIC2 MAX phase in
various etchants for different time

S6/S17


http://springer.com/journal/40820

Nano-Micro Letters

(c) Sonication  centrifugation (@
Temperature e —
controller

Thinner and large size
flake thickness<100 ~600 nm
"

— @ N

flake thickness ~1 pum
Stirrer and autoclave process Washing and pH control Freeze-drying process  After Tip-sonication and washing

Fig. S3 The process involved in Method-15, combining Method-1-2 and Method-13-2

-------- T
Cursor | AX(um) |1 AY(am) | Angle(deg)
i

M Red 0.244 : 33.400: 7.800

v .
‘MXene nanoparticles

Thickness: 33.4 nm.

Fig. S4 (a) SEM image along with (b-c) EDS analysis of fully etched MXene flake, confirming
that the white particles are MXene nanoparticles. This is further confirmed by the (c) AFM image.
(e) represents the line profile of the MXene flake to represent its thickness
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S2 Thickness measurement of MXene with various thickness
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Fig. S5 SEM and AFM images along with thickness profile of (a-c) few-layer (<100 nm) self-
assembled over Si-wafer and (d-f) diluted MXene sample spin-coated over Si-wafer

S3 Synthesis of CI-MXene via molten salt approach

The CI-MXene was prepared using a CuCl, molten salt approach. This method did not involve
high-pressure and stirring treatments, resulting in a smaller interlayer separation, as shown in Fig.
S6a. The XRD pattern showed a slight shift in the (002) plane from 13.95<to 12.25 degrees (Fig.
S6b), confirming reduced interlayer spacing.

~

(=3
~
[=2)
N
[3%3
(=}

I

—— Cl-MXene prperaed

5880

5040 4
S 12.25°

31% lower (1544)

Intensity (a.u.)
) w S
[ 9 [ %]
(%] D [=3
[=} (=] (=)
1 1 1

- 3 T T
100nm JEOL 5/30/2022 20 40 60 80
2-Theta (Deg.)

Fig. S6 (a) SEM iamge of CI-MXene prepared via molten salt approach and (b) its XRD pattern.
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S4 Dilution of MXene solution and its self-assembly over Si-wafer though immiscible

solution
(a) (b)
+— As-synthesized
e - 2.67-fold dilution
L7 Ty 10-fold dilution
2.0+ %g
-~ 53
T15- Y
=1.0- %
0.5
0,0 T T T T T
200 300 400 500 600 700 800

Wavelength (nm)

Fig. S7 (a) UV-VIS absorbance spectra obtained for an as-synthesized Ti3C2Tx dispersion, as well as
2.67-fold and 10-fold diluted dispersions. (b) Formation of an immiscible solution by adding a water:
methanol mixture in chloroform for the self-assembly of few-layer MXene over Si-wafer

.

x 1500 30um  [x 25000 3 um 100 nm

x 30000 100 nm

x 25000 100 nm x 25000 100 nm

100 nm 100 nm

x 30000 100 nm x 30000 100 nm x 30000 100 nm x 30000 100 nm

Fig. S8 SEM images of few-layer MXene film obtained via immiscible approach
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Fig. S9 (a-f) TEM images of few-layer MXene film obtained via immiscible approach

S5 Structural and species surface area analysis

(a) () 120
3300 —— I-MXene 2
7200 17:50° | ——MAX phase = 3.8 m“/g
1100_% | Thick MXene (~1 um) = 14.9 m%/g
07 —e— Few-layer MXene (<600 nm) = 24.6 m%/g
3300 4 —— ~1pum thick MXene's flakes s | 2
2200 17.82° &b —+— Br-MXene (<600 nm)=31.7 m“/g
ool swsoversn) | 75 80—+ -MXene (<600 nm) = 36.2 m’/g
3 o =
& 3300 " High pressure and stirred (~10 pm) g
> 8.84 0 60 -
'g 2200 /\L 80% lower (1449) §
o 1/
Z 1102_ MW\‘_JL ﬁ
3300 11767 ——HF-stired with 7h exfoliation| 2 4()
2200 74% lower (1905) g
1100 ] 5
0 o
7800 ——MAX phase  Al-peaks (7603) 20 1
52001 g ]
2600 = %
0 0 - 1 N 1 N 1 N 1 N 1
6 B b A9 B & % 0.0 0.2 O.ft 0.6 0.8 1.0
2-Theta (Deg.) Relative Pressure (P/P,)

Fig. S10 (a) XRD and (b) BET analysis of MAX phase, 10 pm thick MXene, 1 pm thick MXene, few-
layer MXene, and I-MXene
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S6 Hydrophilic and hydrophobic characteristics of as-prepared- and I-MXene

V (b) ! V

Contact Angle: Contact Angle: Contact Angle:
39°

T 88 99°

O O =

Fig. S11 Contact angle measurement of (a) as-prepared-, (b) Br-, and (c) I-MXene

S7 Role of functionalization on the electrical and environmental properties of MXene

In this comprehensive study, we investigated the resistivity and conductivity of different MXene
samples, including as-prepared MXene, Br-MXene, and I1-MXene, as given below. Our findings
revealed distinct conductivity values for each variant. For I-MXene, the conductivity was
measured to be 449.9640029 S/m, while Br-MXene exhibited a conductivity of 394.29067 S/m,
and as-prepared MXene showed a conductivity of 341.320226 S/m. Interestingly, recent studies
have reported that de-functionalized MXene exhibits higher conductivity compared to functional
group-based MXene. This observation can be attributed to the trapping of electrons by functional
groups in the MXene channel (Ti3C2). Upon de-functionalization, these trapped electrons are
released and reintegrated into the Ti3C2 structure, resulting in higher conductivity. Consequently,
MXenes with high electronegative functional groups, such as -O, -OH, and -F, are expected to
exhibit lower conductivity due to their higher tendency to trap electrons from the Ti3C2 MXene.
Consistent with these findings, our study demonstrated that MXenes with -O, -OH, and -F-based
functional groups exhibited lower conductivity compared to MXenes with lower electronegative
terminal groups such as -l and Br-. This correlation highlights the influence of the terminal
group's electronegativity on electron trapping and conductivity in MXene materials. These results
not only contribute to a better understanding of MXene properties but also pave the way for
tailoring MXenes with specific functional groups to achieve desired electrical characteristics for
diverse applications in electronics, energy storage, and sensors.

Conductivity calculation

2,
For I-MXene: T: 0.6 pm 430
) ; / ()
Resistance (R) = 3705 Q ll»\: 2 »
Length (L) = 0.5 cm = 0.005 m Yy, N——
Width (W) = 0.3 cm = 0.003 m % 7 L=0.005m

Schematic S1 Conductivity measurement for

Thickness (T) = 0.6 jm = 0.0000006 m o il o or Sioator

Area (A) =W * T = 1.8E° m?
Resistivity (p) = R * (A /L) = 0.00133344 Q .m

Conductivity (6) =1/ p = 749.9400048 S/m
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For Br-MXene

Resistance (R) = 4227 Q

Resistivity (p) =R * (A /L) =0.00152172 Q .m
Conductivity (6) =1/ p =657.1511185 S/m
For As-prepared-MXene

Resistance (R) = 4883 Q

Resistivity (p) =R * (A /L) =0.00175788 Q .m

Conductivity (6) =1/ p =568.8670444 S/m

Moreover, the stability of both I-MXene and as-prepared MXene was evaluated in ambient and
aqueous environments. In the ambient environment, 1-MXene exhibited reasonable stability for
up to 80 days, with a 176% change in resistance. However, beyond the 150" day, a substantial
increase in resistance exceeding 203,882% was observed, indicating significant instability. On
the other hand, as-prepared MXene showed an extremely high change in resistance, reaching
99,613% by the 90th day, with no response observed beyond 110 days. In the aqueous
environment, I-MXene exhibited an initial increase in resistance of about 172% during the first
week, followed by more dramatic changes of 25,762% and 255,665% in the second and third
weeks, respectively. Eventually, in the fourth week, no response was detected, suggesting
complete oxidation. On the other hand, as-prepared MXene demonstrated significant increases
in resistance, with a change in response reaching 16,903% in the first week and 186,385% in the
second week. However, no response was observed in the third week, indicating weak oxidation.
Notably, the high hydrophobicity of I-MXene contributed to its enhanced oxidation stability
compared to as-prepared MXene in both ambient and aqueous environments, offering a

promising solution for improving the long-term performance and reliability of MXene-based
materials.

10
(a) —o—[-MXene (b) 104" I-MXene
—o— As-prepared MXene —+— As-prepared MXene 4

84

%
1

N
1
o
1

IS
1

Resistance (MQ)
Resistance (MQ)

IS
1

(%)
N

ﬁ] 04
T T T T T T i T T

Ist 30th  60th  80th  90th  110th 130th 150th Ist 7th 14th
Time (days) Time (days)

Fig. S12 The resistance variation of both As-prepared and I1-MXene over time (days) when stored
in (a) ambient environment and (b) aqueous environment
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S8 Elemental analysis and functional groups confirmation

(a) 10— Experimental (b) 12— Experimental (C) 20— Experimental
e | Fitting P Fitting i b LI O Fittin
s < Ti-C/ =) g .
“E\S_ Background ; . Background Ti-C-Bi EIS Background f.,(_:_Tl_Tx
3 Ti;O-H = Ti (1) =
< = Ti (111 B =10 cCc !/
:z‘ = Ti-O/TiO, S = CH/CO
Sl < 4] e 3/ @ COO
£ LR N QN

BY AN\ =
: - - (T2p,) (T2ps) - 0
536 532 528 464 462 460 458 456 288 286 284 282
Binding energy (eV) Binding energy (eV) Binding energy (eV)

(d) 15— Experimental C-Ti-T, (E) B Experimental . (f) Sl e Experimental
e | Fitting A o e Fitting CTi-Ty o | Fitting
=) Background = Background - S 61 Background
* 10/ %101 b
;.; ; E 4l Br3d;,
2 = 2
g S-CO E 5 COoO LE 2
E k= k=

. . 0 T v T v :
288 286 284 282 288 286 284 282 67 68 69 70 71 72
Binding energy (eV) Binding energy (eV) Binding energy (eV)

Fig. S13 lllustrates the high-resolution (a) Ols and (b) Ti2p spectra of Br-MXene. The C1s

spectra of (c) as-prepared-MXene, (d) I-MXene and (e) Br-MXene. (f) The Br3d spectrum of Br-
MXene

Fig. S14 (a, ¢) SEM images of MXene, with layer-stacked thickness of 1 pm, which were
successfully functionalized with (b) lodine and (d) Br
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(a) 127 Experimental Ti-C/ (b) 5= Experimental
o [ Fitting Ti-C-Br L Fitting _.
S |—— Background S | Background i Ti-C
x g Ti (1) =10
A Ti (1) < G
‘E: Ti-O/TiO, g C-H,/CO
z T £ 54 C00
E =2 = N\
PN v N\
466 464 462 460 458 456 288 286 284 282

Binding energy (eV)

Binding energy (eV)

Fig. 15 Depicts the high-resolution (a) Ti 2p and (b) C 1s spectra of Br-MXene

S9 Gas Sensing Device Preparation and Measurement setup

(a)

0.188 mm mm

3.281 mm (b)

.

8.641 mm mm‘/

(d)

—— [-MXene

Current (mA)

Voltage (V)

Data acquisition

Fig. S16 (a) Dimension measurements of the interdigitated electrode, (b) an optical image of the
sensing device created by (c) drop-casting fully etched MXene flakes, (d) the I-V curve of the
sensing device, indicating an ohmic contact, and (e) the gas sensing setup used in this study
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S10 Role of stacked-layered and flake thickness on the gas sensing performance of MXene

12240

12120 ~

12000 -

11880 -
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4828 1
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~100 nm and 10pum

123 s &

Stacked-layer and flake thickness:
<100~600 nm and 1pum

Fig. S17 Variation in gas sensor’s resistance along with response/recovery time

S11 Role of functionalization on the gas sensing performance of MXene

40 30 350
(a) — [-MXene _ (b) & I-MXene é (C) —o—[-MXene
35 Br-MXene g = Br-MXene 4 — = Br-MXene
A AMX = 254 ® As-prepared-MXene é 300 —=#— As-prepared-MXene
304 — As-prepared-MXene =] _ é § ——I-MXecne
S [ P / F B 250 —e=— Br-MXene
5,25 z g & g = P — — As-prepared-MXene
= - 3 s T £
2 - = g 4 - £
<20 & dis T 2 2004 A — s
® S = 1: s = e = g 200 ~ —_ ~—_
2151 g g I T :
g 210 LY, = & 150
7104 @ £ 7
4 -3 ;; .
54 54 87a® Lincar Fiting: ¥ =0.1020x+1.698 anW'
Jgﬁ’ Linear Fitting: Y =0.0785x+1.137
04 Linear Fitting: Y =0.0561x+0.520
0 50

0 1000 2000 3000 4000 5000 6000
Time (s)

T T T T T
7000 0 100 200 300 400 500 0
Gas concentration (PPM)

100 200 300

Gas concentration (PPM)

400

t 300

O

Recovery Time (s)

200

a

100

50
500

Fig. S18 (a) Dynamic response curves to NO2 concentrations (5-500 ppm) with corresponding
(b) response versus NO- concentration plots. (c) Response with recovery time of As-prepared-,
Br-, and I-MXene based sensors
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S12 Selectivity of Br-MXene and Effect of Humidity on NO2 Sensing Performance of I-

MXene
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Fig. S19 (a) Selectivity performance of Br-MXene, (b) gas sensing performance of I-MXene
toward a 50-ppm concentration of NO. at various humidity levels, (c) Dose-Response
relationship of MXene gas sensor exposed to 50 ppm NO2 concentration.

S13 Role of functional groups on oxidation stability and gas sensing performance of MXene
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Fig. S20 Stability performances of (a) As-prepared- and (b) Br-MXene towards four pulses of
NO2 conducted over a 9-day period

S14 Gas sensing performances of Cl-MXene

SEM and XRD patterns (Fig. S6) confirm that CI-MXene retained a higher Al content, as
indicated by a slight downward shift in the (002) peak. Consequently, Cl-MXene exhibited higher
resistance (15.5 KQ) and limited response to 50 ppm of NO2 (1.2%) when compared to our as-
prepared multi-layered MXene. The improved performance of the as-prepared MXene is
attributed to its larger interlayer separation achieved through greater Al etching.
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Fig. S21 Gas sensing response of CI-MXene, multi-layered MXene and their comparison
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