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17 S1. Sample preparation of Ti3CN flake suspension

18 The few-layer MXene Ti3CN dispersion we bought is at the concentration of 5 

19 mg/ml (ultrapure water as the solvent). We dilute the pre-prepared Ti3CN solution to a 

20 concentration of 0.05 mg/ml by adding the solvent ultrapure water. Then we execute a 

21 sonicating operation for the solution for 30 minutes (at 40 kHz frequency) to obtain the 

22 dispersed suspension, which subsequently is transferred into a standard cuvette with a 

23 thickness of 10 mm on standby for SSPM measurements. In parallel, we conducted the 

24 control SSPM experiments on solvent, where no SSPM effect was observed.

25 S2. Key parameters of laser beams in SSPM experiment

26 A series of continuous-wave laser beams (405, 473, 532, 671, 721, 914 and 1064 

27 nm) are used to investigate SSPM effect. For Gaussian beams, we define the radius of 

28 beam waist of the laser incident beam ω0 is approximately equal to the the 1/e2 intensity 

29 radius of laser beams. When the beam passes through a lens with a focal length of f = 

30 200 mm, the radius of the beam waist at the focal point is defined as ω0', where 
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1 . In this work, the distance between the focusing lens and the center of 
𝜔 '
0 ≈

𝜆
𝜋𝜔0

𝑓

2 cuvette (l) is fixed at 160 mm. Therefore, the 1/e2 intensity radius at the center of cuvette 

3 can be calculated by the equation , where ω(z) is the 1/e2 𝜔(𝑧) = 𝜔 '
0 1 + (𝑧 𝑧𝑅)2

4 intensity radius of laser beam when the distance between the focal point and the center 

5 of cuvette is z (here z = 40 mm), , the beam area at the center of cuvette is S 
𝑧𝑅 ≈

𝜋𝜔20
𝜆

6 = π(ω(z))2. 

7 Table S1. Detailed key parameters of laser beams in SSPM experiment.

 (nm) ω0 (mm) z (mm) ω0' (mm) ω(z) (mm) S (mm2)

405 0.80 40 0.032 0.163 0.0835

473 0.71 40 0.042 0.148 0.0690

532 0.77 40 0.044 0.160 0.0804

671 0.86 40 0.050 0.179 0.1000

721 0.64 40 0.072 0.147 0.0679

914 0.89 40 0.065 0.190 0.1134

1064 0.72 40 0.094 0.172 0.0929

8 S3. Process of SSPM diffraction rings formation and deformation

9 For suspension sample, the stable SSPM rings formation includes two processes: 

10 one is the process varying from the ring generation until to its maximum in its ring 

11 number and diameter, another is the process varying from the maximum rings to the 

12 stable deformation rings. Since the second process originate from the thermal-

13 convection-induced ring deformation, we only focus on the first process related to the 

14 electron coherence.1,2 In Fig. S1, as a typical example, we show the evolution process 

15 of SSPM diffraction rings of Ti3CN suspension over the time at 532 nm with the 

16 incident intensity of 260.0 W/cm2. There are two clear processes: One is that the 

17 number of rings increases from zero to a maximum taking 0.33 s, which is a nonlinear 

18 process of laser-induced electron/hole coherence establishment.1 Another one is that 
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1 the upper half portion of ring patterns begins to collapse from the maximum until stable 

2 taking 1.84 s, which is the process of thermal convection-induced ring deformation 

3 (thermal effect).2

4

Ti3CN I = 260.0 W/cm2

0.03 s      0.13 s            0.33 s               1.13 s                2.17 s

532 nm

5 Fig. S1. Process of SSPM diffraction rings evolution over the time for the Ti3CN flake 

6 suspension at 532 nm excitation.

7 S4. Typical SSPM ring patterns with maximum diameters
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9 Fig. S2. Typical SSPM ring patterns with maximum diameters under 405 nm, 671 nm 

10 and 721 nm laser beam excitation.

11 S5. Estimation of the effective layer number for Ti3CN and Ti3AlCN suspensions

12 The number of effective layers of the laser beam passing through the Ti3CN 

13 suspension is estimated by the concentration estimation method.1 The Ti3CN flakes are 
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1 uniformly dispersed in solvent and there is no sediment at the bottom of cuvette. The 

2 concentration of the Ti3CN suspension was ρ = 0.05 g/L (2.948 × 10-4 mol/L). The 

3 volume of solution contained in the cuvette is V = 4 × 10−3 L. Thus, the total number of 

4 molecules in the suspensions is M = ρ × V × NA = 3.549 × 1017 for Ti3CN. Ti3CN 

5 possesses a crystal structure with the P63/mmc space group, where the lattice constants 

6 of Ti3CN are a = 3.02 Å and b = 3.02 Å. Hence, a single effective layer contains m = 

7 S/Sab = S/(sin 60°)‧(a‧b) = 5.064×1015 molecules for Ti3CN. The layer number is given 

8 by Neff = M/m. We estimate the effective layer number to be 70 for Ti3CN.

9 S6. Comparison of  values among various 2D materials.𝜒 (3)
𝑚𝑜𝑛𝑜𝑙𝑎𝑦𝑒𝑟

10 Table S2. Comparison of  among various 2D materials.𝜒 (3)
𝑚𝑜𝑛𝑜𝑙𝑎𝑦𝑒𝑟

Materials  [nm]  [e.s.u.]𝜒 (3)
𝑚𝑜𝑛𝑜𝑙𝑎𝑦𝑒𝑟 References

Ti3CN 532 5.35×10-9

Ti3CN 914 5.41×10-9

Ti3CN 1064 5.19×10-9

this work

BP 914 7.28×10-9

BP 1064 6.08×10-9

VP 914 2.11×10-9

VP 1064 1.81×10-9

3

Ti3C2Tx 532 10-7 4

Ti3C2Tx 671 10-8 4

Ti3C2Tx 800 10-8 5

Ti3C2Tx 1064 10-7 5

Ti2CTx 1064 1.14×10-10 6

Nb2C 400 2.43×10-9 7

Nb2C 800 6.07×10-9 7

Graphene 532 10-7 2

MoS2 532 1.60×10-9 1
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MoSe2 532 1.10×10-9 8

SnS 532/633 10-10 9

Bi2Te3 400/800/1070 10-7 10

NiPS3 532 2.64×10-9 11

1 S7. Process of SSPM diffraction rings formation 
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3 Fig. S3. (a)-(d) Evolution of the ring number over time at 473 nm,532 nm, 721 nm and 

4 1064 nm. Solid lines: fitting curves with one-exponential function. The dashed orange 

5 lines denote the formation time.

6 S8. Calculation Method of Dielectric Constant for Ti3CN 

7 According to the first principles calculation based on DFT, we obtained the optical 

8 properties of Ti3CN through the Vienna Ab-initio Simulation Package (VASP) 

9 program.12 The exchange and correlation potentials were Perdew-Burke-Ernzerhof 
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1 method based on generalized gradient approximation (GGA). The plane wave cut-off 

2 energy in the wave vector K space was set to be 700 eV, a Monkhorst-Pack k lattice 

3 with a spacing of 2π×0.03Å-1 was employed. When the total energy was stabilized 

4 within 1×10-8 eV, the force on each atom of the cell after optimization was less than 

5 0.015 eV/Å. Hence, the real part of dielectric function ε as a function of photon energy 

6 is shown in Fig. S4.

7

8 Fig. S4. Real (ε) part of dielectric function obtained through calculation as a function 

9 of photon energy for Ti3CN. 
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