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Figure S1. (a) Response vs. NO2 concentration (0.2, 0.5, 1, 2, and 5 ppm) dependence of InS 

at optimum operating temperature (400 °C, RH, 40%). (b) Calibration curve of the normalized 
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sensing response of InS to NO2 at 400 °C. We set the response value (∆R/R0) of the InS sensor 

to 1 to estimate the LOD.

Figure S2: EDS spectrum indicating the presence of oxygen along with the main elements 

indium and sulfur.

The X-ray diffraction (XRD) studies clearly demonstrate the integrity of the crystal structure 

even in these extreme conditions, exhibiting no observable changes or phase transitions.



Figure S3: XRD pattern of as-cleaved InS bulk single crystal at RT and 400°C.

In addition, Figure S4 shows that Raman spectroscopy was used at room temperature, 200°C, 

and 400°C to confirm the stability of the crystal phase. The Raman spectra show changes in 

peak positions, primarily related to temperature-induced changes in phonon energy. These 

differences correspond to the effects of thermal disturbance and high temperatures on phonon 

behavior. Especially, the steady-state vibrational patterns at 400°C indicate that phase 

transitions are not present. Our results indicate that the Raman spectrum shifts that we have 

observed are mostly caused by changes in phonon behavior, which supports the material's 

stability over the temperature range that we have studied. The observed decrease in phonon 

energy with rising temperature is attributed to the intricate interplay between anharmonic 

effects and the thermal expansion of the crystal lattice. Anharmonicity induces phonon 

interaction, leading to energy redistribution within the lattice. Concurrently, the expansion of 

the crystal lattice at elevated temperatures results in a reduction in force constants governing 

atomic vibrations and a corresponding decrease in phonon frequency. This dynamic 



relationship highlights the material's response to temperature. The changes in phonon 

population and energies, driven by anharmonic effects and the system's reaction to high 

temperatures, underscore the intricate nature of these vibrational dynamics, further accentuated 

by fluctuations in force constants due to thermal expansion.

Figure S4: Raman spectra of InS at RT, 200°C and 400°C.



Figure S5. Boltzmann distribution of analytes adsorbed on strained In2O2.67 substrate at 400 

°C.

Table S1.  Comparison of gas sensing properties of InS with respect to state-of-the-art sensing 

structures based on 2D semiconductors and metal-oxide nanostructures. Va denotes the output 

voltage of the sensor in air and  Vg represents the output voltage under exposure to NO2. 

Material NO2 
concentration 
(ppm) 

Response 
[(Rf-R0)/R0] 

Operating 
temperature 
(°C) 

Estimated 
LOD (ppb) 

SnS2 
1 5 2.5 200 − 

Sb2Se3 
2 2  0.8, (Ra-Rg)/Ra 140 60 

N-doped In2S3 
3 10 0.1, (Ra-Rg)/Ra RT − 

SnO2/SnSe1.7 
4 1 2.2 150 360 

In2O3/SnS2 
5 50 15,* Vg/Va 25 − 

In2S3/In2O3 
6 1 24 160  

SnO2/SnS2 
7 3 15.33, Ra/Rg 60 37 

SnSe2/SnO/SnSe 8 5 2.6 RT 115 
reduced graphene oxide 
9 

1  0.6,§ (Gf−G0)/G0 450 50 

Black phosphorus 25 0.2 RT − 
Al−Black phosphorus 
10 

1 0.1 70 − 

reduced graphene 
oxide/MoS2 

11 
10 0.1 RT − 

C/g-C3N4 
12 50 0.7 200 7390 

In2O3 nanoparticles 13 1.2 0.1, Ra/Rg 300 − 



In2O3 nanoparticles 14 40 6, Ra/Rg 225 − 
In2O3 
nanoparticles/SnO2 

nanowires 15 

5 24 300 − 

SnO2 nanowires 15 5 2.3 300 − 
InS (this work) 5 34.5 400 5
* Room temperature 
§  G0 is the baseline conductance value of the sensor in air and Gf is the steady-state conductance 
value of the sensor in the presence of NO2. 
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