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Layered materials, and especially transition metal dichalcogenides (TMDs), have gained 

strong scientific interest over the last decade, owing to their many interesting mechanical, 

optical and optoelectronic properties. Understanding thermal transport phenomena in 

these materials is also highly relevant, as it has relevance for important fields such as 

thermoelectrics, photonics, and photodetection. However, currently there are still several 

open questions related to thermal properties of TMDs. For example, previous studies have 

found contrasting results with respect to the dependence of the thermal conductivity on 

TMD thickness [1,2,3,4], illustrating the need for a better microscopic understanding. Here, 

we experimentally investigate heat diffusion in exfoliated, single crystalline MoSe2, 

suspended (dry transferred) over large, circular apertures of 15 microns. We have 

developed a novel experimental method that allows for following heat transport in space 

and time. Our technique combines two femtosecond laser pulses, one for optical 

excitation and one for probing, that are spatially and temporally separated from each 

other in a pump-probe configuration [5]. By monitoring the spatial spread of the transient 

reflection signal as a function of time, we track energy transport in a direct way, with high 

spatial precision (~20 nm) and temporal resolution (~0.25 ps). By examining spreading on 

the sub-nanosecond timescale we obtain information on exciton diffusion, whereas by 

examining transport on a timescale of several nanoseconds we observe diffusion of heat 

carried by phonons. To date, we have measured more than 20 MoSe2 samples of varying 

thickness, ranging from monolayer (~0.7 nm) to 15 nm, to study the effect of material 

thickness on phonon transport.   

References 

 

[1] Zobeiri, Hamidreza, Ridong Wang, Tianyu Wang, Huan Lin, Cheng Deng, and Xinwei 

Wang.  International Journal of Heat and Mass Transfer 133 (2019): 1074-1085. 

[2] Bae, Jung Jun, Hye Yun Jeong, Gang Hee Han, Jaesu Kim, Hyun Kim, Min Su Kim, 

Byoung Hee Moon, Seong Chu Lim, and Young Hee Lee. Nanoscale 9, no. 7 (2017): 

2541-2547. 

[3] Gabourie, Alexander Joseph, Saurabh Vinayak Suryavanshi, Amir Barati Farimani, and 

Eric Pop. 2D Materials (2020). 

[4] Ma, Jiang-Jiang, Jing-Jing Zheng, Wei-Dong Li, Dong-Hong Wang, and Bao-Tian 

Wang. Physical Chemistry Chemical Physics 22, no. 10 (2020): 5832-5838. 

[5] Block, Alexander, Matz Liebel, Renwen Yu, Marat Spector, Yonatan Sivan, FJ García 

de Abajo, and Niek F. van Hulst. Science advances 5, no. 5 (2019): eaav8965. 

 

 


