Supplementary Information

Supplementary Information 1: Additional shock tube test results
The table-top shock tube with Data Acquisition System is shown in Fig. S1.1. Fig. S1.2 provides the distance between the piezoresistive sensors which is used for quantitative measurement of the velocity of shockwave. Fig. S1.3 illustrates the instrumentation provided for the Ti3C2-MXene film sample response measurement. The output response from the Ti3C2-MXene sample is displayed and recorded on the oscilloscope. The control experiment of using samples with and without the Ti3C2-MXene sample to check the response were performed before conducting the final tests. 

The primary shockwave generated due to rupture is sensed by a separate piezoresistive sensor and the output recorded is given in Fig.S1.4. The peak overpressure measurement is also made using the same output. 

The Mach number is calculated based on Eqn. (2) in section 2.3.1 using distance between piezoresistive sensors S1 and S3 shown in Fig. S1.2 and time of measurement between the two sensors when the primary shockwave propagates after the rupture of diaphragm. Eqn. S1.1 - S1.3 calculates the Mach number to be 1.68. 

				…………. Eqn. (S1.1)= -1

			…………. Eqn. (S1.2)a =  = -1

				…………. Eqn. (S1.3)M= 
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Fig. S1.1 Manually operated piston driven table-top shock tube
[image: ]
Fig. S1.2 Driven section of the shock tube with Ti3C2-MXene samples on glass support attached to the end flange. Distance between the piezoresistive pressure sensor shown with distance between them.
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Fig. S1.3 Instrumentation configuration made for the Ti3C2-MXene sample
[image: ]
Fig. S1.4 Shockwave measured by the piezoresistive sensor of the shock tube and peak over pressure measured from it



Fig. S1.5 Response from piezoresistive sensors S1 and S3 for calculation of Mach number

Output from 3 trials in shock tube on the same Ti3C2-MXene film sample is provided below in the Fig. S1.6. The response time measurement done as a part of post-processing is also provided. The response time with the velocity of the shockwave is recorded in the Table S1.1. 
 
[image: ]
Fig.S1.6 Ti3C2-MXene sample response to incident shockwave recorded with oscilloscope and post-processed with Origin Pro software plot. (a), (b) and (c) provide results for Trial 1, 2 and 3 respectively. 

Same sample is subjected to three trials of shockwave test. The response or rise time of the Ti3C2-MXene film sample is given in the Table S1.1 with calculations of mean value and standard deviation of the results. The increase in the gradient or slope of the rise region of the response curve indicates variation of the Ti3C2-MXene monolayer arrangement, leading to response, resistance and voltage variation. 

	Shock Tube test
	Velocity of shockwave (m/s)
	Rise time (µs)
	Gradient of response curve

	Trial 1
	583.2770
	7.5
	3040

	Trial 2
	
	8.2
	3158

	Trial 3
	
	5.7
	4666

	Mean value
	
	7.1333
	

	Standard Deviation
	
	1.2897
	


Table S1.1 Rise time of the Ti3C2-MXene sample for the shock tube tests

Supplementary information 2: Additional drop test results
The response or rise time recorded for each test set-up given in Table 2 is provided in Table S2.1 along with mean value and standard deviation. The response output recorded in the oscilloscope and postprocessed for each test set-up is given in Fig. S2.1 to S2.6. Similar, control experiments were performed as done in supplementary information S1 for the ball drop test as well to check the response of Ti3C2-MXene sample. 

	Trial no.
	
	Test set up 1
	Test set up 2
	Test set up 3

	1
	Rise Time (ms)
	1.536
	1.6
	1.615

	2
	
	1.616
	1.6
	1.6

	3
	
	1.529
	1.533
	1.616

	4
	
	0.778
	1.572
	1.6

	5
	
	0.775
	1.527
	1.571

	
	Mean Value
	1.2468
	1.5664
	1.6006

	
	Standard Deviation
	0.4306

	0.0352

	0.0181



Table S2.1 Rise time results from ball drop test for 5 trials on the same sample with different stainless-steel ball weight and diameter





Test set up 1:
[image: ]
Fig. S2.1 Ti3C2-MXene sample response to ball drop with multiple bounce of the ball on the sample for test set-up 1
[image: ] [image: ]
[image: ] [image: ]
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Fig. S2.2 Rise time measurement and response of Ti3C2-MXene sample to ball drop test with test set up 1

Test set up 2:
[image: ]
Fig. S2.3 Ti3C2-MXene sample response to ball drop with multiple bounce of the ball on the sample for test set-up 2
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Fig. S2.4 Rise time measurement and response of Ti3C2-MXene sample to ball drop test with test set-up 2




Test set up 3: 
[image: ]
Fig. S2.5 Ti3C2-MXene sample response to ball drop with multiple bounce of the ball on the sample for test set-up 3
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Fig. S2.6 Rise time measurement and response of Ti3C2-MXene sample to ball drop test with test set up 3

Supplementary information 3: Comparison between this work and published literature
The response times of the Ti3C2-MXene films in the present work have been compared with various published literature and compiled in Table S3 below. The present work demonstrates faster response times compared to state-of-the-art MXene applications in Ma et.al. and Kedambaimoole et.al (doi:10.1038/s41467-017-01136-9, 10.1021/acssensors.0c00647). For the shock tube test, Ti3C2-MXene film in this work provides response time in the same order as piezoelectric commercial sensor and much better response than piezoresistive commercial sensor used in shock tubes. This work is also the first demonstration of response time to dynamic impact forces for Ti3C2-MXene film.


	Material
	Characterization Method
(Material Behavior)
	Response time
	Reference

	Pure Ti3C2-MXene film
	Shock tube test
(Piezoresistive)
	7.13 ± 1.28 µs
	Present work

	Pure Ti3C2-MXene film
	Ball drop test
(Piezoresistive)
	1.24 ± 0.43 ms, 
1.56 ± 0.03 ms, 
1.60 ± 0.01 ms
	Present work

	Pure Ti3C2-MXene film
	Compression test
(Piezoresistive)
	30 ms
	Ma et.al
(doi:10.1038/s41467-017-01136-9)

	Ti3C2-MXene/Sponge network
	Compression test
(Piezoresistive)
	130 ms
	Yue et.al
(doi: 10.1016/j.nanoen.2018.05.020)

	Pure Ti3C2-MXene 
	Tensile test
(Piezoresistive)
	88 ms
	Kedambaimoole et.al
(doi: 10.1021/acssensors.0c00647)

	Molybdenum Carbide/Polyacrylamide/PVA
	Humidity test
(Piezoresistive)
	~1 & ~1.8 s
	Sajid et.al.
(doi:10.1038/s41467-017-01136-9)

	Ceramic 
	Shock tube test
(Piezoelectric)

	≤ 3 µs
	PCB PIEZOTRONICS commercial sensor: 
 Micro ICP® pressure sensor 132A series
(https://www.pcb.com/nx/search-results?q=132A)


	Silicon
	Shock tube test
(Piezoresistive)
	1 ms
	NXP Semiconductor: Integrated Silicon Pressure sensor MPX5700 series 
(https://www.nxp.com/docs/en/data-sheet/MPX5700.pdf)



Table S3.1 Comparison between response times obtained in literature and this work













Supplementary information 4: Image 1: Shock tube test set-up
[image: ]
Fig. S4 Tabletop shock tube set-up used for the experiment

Supplementary information 5: Image 2: Ball drop test set-up [image: ]
Fig. S5 Tabletop ball drop set-up used for the experiment
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