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The field of two-dimensional (2D) materials has grown exponentially over the past decade or 
more, due to the numerous applications of these materials in nanophotonics [1], nanofluidics [2], 
and other areas of nanoscience [3]. Multiphoton laser ablation is one promising method of 
patterning such materials [4]. A robust method exists for measuring the laser ablation threshold 
of such materials, although this method involves analysis of the ablated sample via atomic-force 
or electron microscopy [5]. Here we use this method as a benchmark to demonstrate that different 
conditions that lead to the same amount of ablation can be identified using direct optical 
inspection on the ablation tool. This capability enables us to employ a new 2-beam action 
technique [6], 2-beam ablation threshold (2-BAT) spectroscopy, to determine the number of 
photons involved in ablation, providing important clues into the mechanism of this process. 
 
Here we investigate the ablation mechanism of transition-metal phosphorus trichalcogenides, 
which are 2D materials that exhibit interesting electrical [7], magnetic [8], catalytic [9], and optical 
properties [10]. In particular, we use 2-BAT to study how ablation changes with chalcogen 
composition in multilayer, exfoliated MnPSxSe3-x. 
 
MnPS3 has a refractive index of 2.41 [11], and this value grows with the substitution of selenium 
for sulfur. Consequently, these materials are attractive for their ability to act as waveguides. We 
investigate the ability of pristine and laser-machined, exfoliated crystals of these materials to 
guide ultrafast pulses over distances of 10 µm or more, driving remote nonlinear optical processes 
in other optical nanomaterials that are in contact with the 2D materials. 
 
Acknowledgements:  
We thank the University of Maryland for support of this research with a New Directions grant. 
J.F. is grateful for an AFOSR-DURIP equipment grant for the laser used in these experiments 
(FA95502010308)  



 
 
References: [1] H. Zhao, Q.S. Guo, F.N. Xia, H. Wang, Nanophotonics 4(2), 128-142 (2015); [2] N.R. 
Aluru, F. Aydin, M.Z. Bazant, D. Blankschtein, A.H. Brozena, et al., Chem. Rev. 123(6), 2737-2831 
(2023); [3] S.J. Kang, D.H. Lee, J. Kim, A. Capasso, H.S. Kang, et al., 2D Materials 7(2),  (2020); [4] 
P.S. Kollipara, J.G. Li, Y.B. Zheng, Research 2020,  (2020); [5] J.M. Liu, Opt. Lett. 7(5), 196-198 
(1982); [6] N. Liaros, S.R. Cohen, J.T. Fourkas, Opt. Express 26(8), 9492-9501 (2018); [7] V. 
Maisonneuve, V.B. Cajipe, A. Simon, R. VonDerMuhll, J. Ravez, Phys. Rev. B 56(17), 10860-10868 
(1997); [8] P.A. Joy, S. Vasudevan, Phys. Rev. B 46(9), 5425-5433 (1992); [9] J.N. Song, S.Y. Qiu, F. 
Hu, Y.H. Ding, S.L. Han, et al., Adv. Func. Mater. 31(19),  (2021); [10] D. Li, Y. Xu, J. Guo, F. 
Zhang, Y. Zhang, et al., Opt. Express 30(20), 36802-36812 (2022); [11] R.F. Frindt, D. Yang, P. 
Westreich, J. Mater. Res. 20(5), 1107-1112 (2005) 
 
 


