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Tin oxide (SnO2)/MXene 
nanocomposites were prepared by 
decorating SnO2 nanoparticles over two 
dimensional (2D) few-layer titanium carbide 
MXene (Ti3C2Tx) using ultra-sonication. The 
prepared SnO2/MXene composite sensor 
device exhibited highly selective and 
sensitive detection towards trace level of 
ammonia gas molecules and the sensor 
device operated at room temperature with 
linear sensing response R2=0.98987, and 
0.98971 towards ammonia concentrations of 0.5 to 5 ppm and 10 to 100 ppm, respectively.  Remarkably, the SnO2 nanoparticles decorated 
MXene sheets showed shorter response time about 16 s compared to the pristine SnO2 (61 s) and MXene (300 s). Besides, quick reversibility 
over multiple cycles, room temperature operation, high sensitivity, faster response/recovery time, and simple fabrication approach of 
making SnO2 decorated MXene materials could be interesting for making next generation sensors for selective detection of ammonia. 
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INTRODUCTION 
Ammonia is one of the highly used vapors in the various 

industries, such as leather field,1 rubber,2 waste water treatment3 
and fertilizer companies.4 Inhalation of ammonia leads to severe 
carcinogenic effects to human body like, respirational problem, 
kidney diseases and skin allergies. The human threshold limits 
(TLV) to inhale ammonia gas is below 25 ppm (parts per million) 
and not more than 8 hours. Continuous exposure, even trace level 
of ammonia gas can create dangerous effects to living system 
specifically carcinogenic effect to human physiological system.5 

Therefore, development of cost-effective gas sensors capable of 
identifying low concentrations of ammonia molecules with 

excellent stability and sensitivity are required. In addition, that 
fabrication of gas sensor for continuous monitoring of toxic 
ammonia gas is highly desirable and most wanted technology in 
electronic and environmental monitoring applications. Currently, 
many metal oxide semiconducting nanostructures has been 
identified as an active material to detect ammonia (ZnO,6–8 
WO3,

9,10 Fe2O3,
11,12 MoO3

13,14). Semiconducting materials 
requires high temperature for effective operations during gas 
molecule detection, thus the gas sensor assembly could be fitted 
with heating filaments. Substrate heaters consumes excessive 
voltage for the sensing so, it will increase the operational cost of 
the sensor. 

Alternatively, carbon nanomaterials-based gas sensors were 
explored;15 it does not require temperature for effective detection 
of the gas molecules even in trace level detection applications 
which showed fast response and recovery time.16 Two 
dimensional (2D) layered materials possessed for practical 
applications in gas sensor fabrications.17 Still interesting research 
progress required in 2D materials for reliable performance which 
could fit into the gas sensing characteristics to move forward in 
sensor technology for real time monitoring. Recently, the newly 
explored 2D transition metal carbides (MXene-Ti3C2Tx, where Tx 
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represents either -OH or -F groups are used for gas sensing 
application,18 and these MXene was synthesized by aluminum 
etching off process from the MAX (Ti3AlC2) phase. Pristine 
metal carbides show considerable gas sensing response19 
however, have poor discriminating ability in mixed gas 
environment.18 In order to overcome the short comings in pure 
MXene materials for gas sensor applications, different 
combinations with metal oxide semiconductor20–22 have been 
projected. Generally, metal sulphide and selenide materials are 
good candidates for making heterojunction with MXene 
nanostructures. However, the toxic nature of sulphide and 
selenide limits their usage. Generally, most of the gas adsorption 
during gas sensing basically depends on number of adsorbed 
oxygen species and the active sites on the material surface. 
Ultimately, increasing number of adsorbed oxygen and active 
sites in sensor materials can also be attained by SnO2 and MXene 
heterojunctions.23,24 Therefore, the present study reported 
fabrication of electrostatically assembled SnO2/MXene 
nanocomposites possessed with more number of heterojunctions 
and studied its gas sensing performance for the first time. 
According to our knowledge, synthesis of (SnO2) 
semiconducting nanoparticles decorated on few-layered MXene 
(Ti3C2Tx) without altering its inherent properties of individual 
materials and its gas sensing properties has never been studied so 
far. The fabricated SnO2/MXene materials displayed maximum 
allowable number of heterojunction favorable to superior gas 
sensing performance.25 The gas sensing performance and 
selectivity towards ammonia molecules of synthesized SnO2 
decorated MXene were analyzed with different analytes 
molecules.  

MATERIALS AND METHODS 
Synthesis of Ti3C2Tx and SnO2 
Few-layer MXene (Ti3C2Tx) was prepared by a minimal 

intensive layer delamination (MILD) method according to the 
previous report.26 The selective etching off Al from Ti3AlC2 by 
using LiF and HCl could form 2D few-layers of MXene. The 
finally collected few layers suspension (inset of Figure 3b) with 
desired concentrations were used to prepare SnO2/MXene 
nanocomposites.  

For SnO2 nanoparticle synthesis, 0.06 M stannous chloride 
hydrate was dissolved in 40 mL distilled water. The solution was 
continuously stirred for 15 min. Then, 4 mL of H2SO4 was added 
to the solution and stirred vigorously for 30 min before 
transferring into 100 mL Teflon-lined stainless-steel autoclave. 
The autoclave was heated at 200 °C for 24 h and cooled naturally 
to room temperature. After repeated washing and drying the 
desired SnO2 nanoparticles were obtained.   

Decoration of SnO2 nanoparticles on MXene  
The desired concentration of (5 mg/mL) of SnO2 nanoparticles 

was mixed with MXene (20 µg) solution and then sonicated for 
30 min to form electrostatic assembly of SnO2/MXene 
nanocomposites (inset of Figure 3a). Individually, different 
concentrations (20, 40, 60, and 80 µg) of MXene were added into 
well dispersed SnO2 solution (5 mg/mL) and subject for 30 min 
bath sonication to prepare different MXene decorated SnO2 

(5mg) nanoparticles. The obtained SnO2/MXene 
nanocomposites were named accordingly as 5:20, 5:40, 5:60, and 
5:80. From the above uniform suspension 5 µL was taken from 
the stock solutions and drop coated on the interdigitated silver 
electrode and dried at 70 ºC for 12 h.   

Characterization 
The pristine SnO2, MXene and SnO2/MXene nanocomposites 

were characterized using X-Ray diffraction analysis (XRD) 
using D/Max2550V, Rigaku, Japan. Morphological analysis of 
the prepared SnO2/MXene nanocomposites were analysized 
using Field Emission Scanning Electron Microscope (FESEM) 
equipped with FEI Tecnai G230 together with elemental 
mapping and Energy-Dispersive X-Ray Spectroscopy spectrum 
(EDS). 

Gas sensing measurement  
The in-house fabricated gas sensing setup (Figure 1) was used 

for testing gas sensing performance of fabricated SnO2/MXene 
nanocomposites samples. The sensor setup comprises of 
programmable mass flow controllers, bubblers, sensing chamber 
and computer connected electrical measuring unit as shown in 
Figure 1.  

 

Figure 1. Schematics of the in-house fabricated gas sensing setup. 

 
The nitrogen gas used as a dilution/carrier gas; ammonia 

liquid passed through the gas bubbler to generate different 
concentrations of vapor gas. Keysight B2912A precision source 
meter was connected to the computer to measure the change in 
resistance of the sensor upon gas interaction on the sensor 
surface. 

RESULTS AND DISCUSSION 

Structural and Morphological characterization 

Figure 2 shows the XRD pattern of MXene, SnO2 and 
SnO2/MXene nanostructures. Initially, MXene was synthesized 
by selective removal of Al from MAX phase, we can clearly see 
the lower angle peak position around 9.93º indicated formation 
of 2D MXene layers which are aligned with previous reports.27 
For SnO2, the major sharp peaks at 26.67º and 33.99º, confirming 
the high crystallinity of the material. The observed crystalline 
peak position of pristine SnO2 was coinciding with ICDD no 01-
080-6417 and it confirms the hexagonal structure of SnO2.28 
Lattice parameter and crystallite size were calculated using 
Scherrer formula,29 
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𝐷𝐷𝑝𝑝  =
𝐾𝐾𝐾𝐾 

𝛽𝛽 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
 

where, Dp is the mean size of crystallites (nm), K is crystallite 
shape factor (0.9), λ is the X-ray wavelength, 𝛽𝛽 is the full width 
at half the maximum (FWHM), and θ is the Braggs' angle (deg). 
The calculated average crystalline size is about 20.33 nm for the 
SnO2/MXene nanocomposite samples. The measured Lattice 
parameter is about a =4.715 Å, b=4.715 Å, and c= 3.194 Å which 
correlated with previous reports on the synthesis of SnO2 
nanoparticles.30 In the case of SnO2/MXene nanocomposites, the 
XRD peaks associated with SnO2 nanoparticles dominates over 
peaks associated with MXene due to minimum loading of 
MXene into SnO2 suspension. 

 

Figure 2. XRD spectra of MXene, SnO2, and SnO2/MXene. 

The morphological features of prepared SnO2, MXene and 
SnO2/MXene nanocomposites were analyzed by FESEM and 
results are presented in Figure 3. It is evident from Figure3a that 
nearly spherical shaped SnO2 nanoparticles of size ranged 10 to 
30 nm and agglomerated together. Figure 3b shows FESEM 
images of the exfoliated few-layer MXene, the images were 
recorded in MXene free standing film27 which shows that number 
of individual layers were stacked together after free standing film 
forming process. The FESEM images of prepared SnO2/MXene 
are given in Figure 3 (c and d). As evidenced from the Figure 3(c 
and d), the aggregated SnO2 nanoparticles were attached onto the 
MXene surface. The weak Van der Waals interaction between 
the SnO2 leads to the agglomerated larger sized SnO2 particles. 
The photographic image of pure SnO2 nanoparticles (inset image 
of Figure 3a) dispersed in distilled water (5:1 ratio) shows clear 
dispersion of nanoparticles in water medium. In our experimental 
conditions, all three liquid phase samples were clearly showed 
transparent to the laser light confirms that, all samples were 
uniformly dispersed. Further, elemental mapping and EDS 
spectrum of the prepared MXene/SnO2 nanocomposites were 

also performed as given in Figure 4, which confirms presence of 
SnO2 nanoparticles onto the MXene surface. In our experimental 
conditions, we have successfully attached nanosized SnO2 
nanoparticles onto the MXene surface without altering the 
chemical composition and structure of MXene compared with 
previous reports.31  

 

 

Figure 3.  FESEM images of (a) SnO2 nanoparticle, (b) few-layer 
MXene sheet, and (c and d) SnO2/MXene nanostructures at different 
magnification. Inset images of each panel shows dispersion of 
pristine and composited nanostructures. 

  
Figure 4.  (a-f) Elemental compositional analysis, and (g) EDS 
spectrum of SnO2/MXene nanocomposite.  

Initially, gas sensing response of the SnO2, MXene and 
SnO2/MXene nanostructures has been analyzed using in-house 
fabricated gas sensing setup (Figure 1) for different ammonia gas 
concentration from 10 to 100 ppm as given in Figure 5a. 
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Figure 5. (a) Ammonia gas sensing performance of pristine SnO2 
and SnO2/MXene from 10 to 100 ppm, (b) Reversibility and 
repeatability towards ammonia gas sensing performance of 
SnO2/MXene tested at 5 ppm concentration, (c) Sensing 
performance of pristine MXene from 10 to 100 ppm of ammonia gas, 
and (d) Ammonia sensing response of SnO2, MXene and 
SnO2/MXene nanocomposite 

 
The pristine SnO2 samples shows increase in resistance when 

introducing different concentrations of ammonia gas molecules.  
Figure 5b shows the repeatability in gas sensing performance of 
fabricated MXene/SnO2 nanocomposites at an ammonia gas of 5 
ppm. However, the pristine MXene shows decrease in resistance 
upon exposing the ammonia vapors (Figure 5c). Here, gas 
sensing response was calculated by32  

𝑆𝑆% =  
𝛥𝛥𝛥𝛥
𝛥𝛥𝑅𝑅

× 100 

S is gas sensing response in percentage, ΔR=Rg-Ra (Resistance 
in gas and resistance in air). The gas sensing performance 
comparisons between the different fabricated samples are 
presented in Figure 5d. Remarkably, as supported from the 
Figure 5d the fabricated SnO2/MXene nanocomposites show 
enhanced ammonia sensing performance compared to that of 
pristine MXene and SnO2 nanoparticles. To further tune gas 
sensing performance by forming more heterojunction between 
SnO2 and MXene, different weight percentage of MXene loaded 
SnO2/MXene nanocomposites samples were prepared. The gas 
sensing performance of different MXene weight loaded 
SnO2/MXene nanocomposites samples are presented in Figure 6a 
for ammonia for 10 ppm. It clearly shows that amount of MXene 
increases upon increasing the MXene loading. It is due to 
decrement of heterojunctions as expected.33 

By loading more MXene layered structures onto the SnO2 
could possibly affects the active sites of metal oxide 
nanoparticles could diminish the gas sensing performance. Based 
on our experimental observation, we have selected 5mg of SnO2 
and 20µg of MXene is optimum composite fraction showing 
enhanced ammonia sensing performance. The gas sensing 
performance at fabricated SnO2/MXene nanostructures were also  

      

Figure 6. (a) Gas sensing response of different weight percentage of 
MXene loaded into SnO2/MXene nanocomposites. Gas sensing 
performance of SnO2/MXene nanocomposites at different tested 
ammonia concentrations (b) 500 ppb (part per billion) to 5 ppm, (c) 
10 to 100 ppm, and (d and e) polynomial fit for gas sensing response 
of SnO2/MXene nanocomposites.  

 
analyzed at different (0.5-5ppm, and 10-100 ppm) 
concentrations. The results of different gas sensing performance 
of tested concentrations are shown in Figure 6a. As supported 
from the Figure 6(b and c), the increase in device resistance by 
increasing the ammonic gas concentrations. And, the fabricated 
SnO2/MXene nanocomposites shows good polynomial fit 
R2=0.98987, and 0.98971 for 0.5 - 10 ppm and 10 - 100 ppm, 
respectively which explicates that at higher ammonia dosage 
concentrations fabricated gas sensor attained saturation level. 
The estimated limit of detection (LOD) of fabricated the 
SnO2/MXene nanocomposites using general expression34 and is 
about 3.14 ppb. The response and recovery times of pristine 
SnO2, MXene and SnO2/MXene nanocomposites were calculated 
for 5 ppm ammonia gas concentration and results were presented 
in Figure 7. Compared to all naked nanostructures, the fabricated 
SnO2/MXene nanostructures shows exemplary response time of 
about 16 s. Besides, bare SnO2 nanoparticles and SnO2/MXene 
nanostructures shows almost similar recovery time 77 and 86 s 
respectively.  Gas selectivity is one of the primary evaluation 
steps to analyze the gas sensing characteristics of any fabricated 
gas sensors. Figure 8 (a and b) shows selectivity graph for 
SnO2/MXene for different tested gas molecules. As evidenced 
from the Figure 8a, the lesser change in resistance were observed 
under exposure of various gas molecules such as formaldehyde, 
dimethylformamide, octane, toluene, acetone, methanol, ethanol 
at 2000 ppm concentration. Interestingly, fabricated 
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SnO2/MXene based gas sensor device displayed remarkable 
change in resistance under exposure of ammonia gas at 100 ppm. 
The selective analysis in terms of gas sensing response was also 
plotted as given in Figure 8b. It reveals that the fabricated sensor 
was more selective towards target ammonia gas even at higher 
concentrations of interference gas molecules.  
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Figure 7. Response/Recovery time for pristine and SnO2/MXene 
nanocomposites measured from 10 independent measurements 
under 5 ppm of ammonia.  

 

 

Figure 8.  (a) Change in resistance of SnO2/MXene sensor device 
under exposure of different gas molecules, and (b) Gas sensing 
response (%) of fabricated SnO2/MXene for different gas molecules. 

The vapor sensing mechanism of SnO2/MXene is not clearly 
understood and call for further detailed investigations. Generally, 
the resistance of a n-type semiconductor sensor supposed to 
decrease while interacting with the reducing gas such as 

ammonia.35 However, in the present case both SnO2 and 
SnO2/MXene found to exhibit anomalous behavior as their 
resistance found to increase upon exposed to reducing gas vapor 
(ammonia).  Similar anomalous behavior of SnO2 sensors were 
reported before.31  

CONCLUSION 

SnO2 nanoparticles and MXene were synthesized separately 
and SnO2/MXene nanocomposites were electrostatically 
assembled by ultra-sonication method. The SnO2/MXene 
nanocomposites exhibited superior performance towards 
ammonia sensing compared to that of pristine SnO2 and MXene 
sensors.  SnO2/MXene nanocomposite showed improved 
adsorption and desorption property as the response and recovery 
time was 16 s and 86 s respectively compared to the pristine SnO2 
showed slower response and recovery time of 61 s and 77 s. 
SnO2/MXene nanocomposite was highly selective to ammonia 
sensing. 
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