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Over the last two decades, with the fast development of micro/nanomaterials, includ-

ing micro/nanoscale and micro/nanostructured materials, significant attention has been 

attracted to study the energy transport in them [1–3]. This energy transport can be sus-

tained by electrons and phonons, whose transport is strongly affected by micro/nanoscale 

structure scattering. Numerous computer models based on first-principle, molecular dy-

namics, and lattice Boltzmann transport have been reported [4–6]. Also tremendous efforts 

have been reported on development of new technologies to characterize the thermophys-

ical properties at the micro/nanoscale [7,8]. Examples of such properties include thermal 

conductivity, thermal diffusivity, and specific heat [9–11]. 

Thermophysical characterization at the micro/nanoscale is extremely challenging 

due to the very small size of the sample under study. It is a non-trivial job to apply a very 

well defined heat flux along the sample and characterize the temperature drop over it. To 

overcome this challenge, new transient techniques have been developed by applying tran-

sient Joule or photon heating, and track the material’s thermal response using electrical or 

optical methods. Examples include the transient electro-thermal (TET), transient photo-

electro-thermal (TPET), pulsed laser-assisted thermal relaxation (PLTR), time domain dif-

ferential Raman (TD-Raman), frequency-resolved Raman (FR-Raman), and energy 

transport state-resolved Raman (ET-Raman) techniques [7,8,12–16]. These techniques pro-

vide quick and high-level measurement of thermal diffusivity/conductivity of 1D and 2D 

materials down to atomic-level thickness [17]. 

This special issue includes some recent work on micro/nanoscale energy transport, 

including research progress reports and reviews. These reviews are in great technical de-

tail since the authors have tremendous experience and expertise in the topics under re-

view. In the paper by Lin et al. [18], the TET technique was reviewed thoroughly, espe-

cially about the differential TET concept. The TET technique measures 1D material’s volt-

age/resistance change under step-current heating and can be used to measure thermal 

diffusivity, conductivity, and specific heat. The differential concept is especially useful in 

measuring materials of nm-thickness which is too thin to suspend between two elec-

trodes. The energy transport in 2D materials features very unique characteristics due to 

the extreme phonon confinement and scattering. The review by Kalantari and Zhang [19] 

provides excellent coverage, discussions, and perspectives on computer modeling and ex-

perimental characterization. The works by Dai and Wang [20] and Liu et al. [21] are great 

additions to the review by Mohammad and Xian, with focus on detailed experimental 

development. The work by Zhou et al. [22] provides sound technical details on the pho-

tothermal technique for measuring the thermal conductivity and interface thermal re-

sistance of coatings. This work covers the fundamental physical principles, mathematical 

solutions for data processing, and typical examples of measurement. 

Of the research progress reports covered by this Special Issue, the work by Xu et al. 

provides inspiring measurement technique and knowledge about the dynamic thermal 

diffusivity evolution during fast heating of corn leaves and ultra-high-molecular-weight 
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polyethylene (UHMW-PE) micro-fibers [23]. This indeed significantly extends the capa-

bility of the TET technique and provides unprecedented knowledge about thermal diffu-

sivity evolution during fast heating. The work by Liu et al. presents pioneering efforts in 

studying the thermal conductivity variation of giant-scale graphene depending on tem-

perature [24]. This work is very challenging since the thermal expansion mismatch be-

tween graphene and the poly(methyl methacrylate) (PMMA) substrate could easily break 

the graphene layer when temperature goes down. The experimental work by Wang et al. 

on the bolometric response of MoS2 nanoflowers and multi-walled carbon nanotube com-

posite [25], and work on the effect of current annealing on thermal conductivity of carbon 

nanotubes by Lin et al. [26] present welcome efforts on studying the structural and tem-

perature effects on energy transport. Nanoscale energy transport has tremendous appli-

cations in materials synthesis. The work by Deng et al. [27] reports the microstructure and 

superior corrosion resistance of NiTi-based intermetallic coatings. Such coating synthesis 

uses laser melting deposition, which is a strong energy transport-controlled process. The 

work by Nunes et al. reported detailed study of electrochemical behavior related to charge 

transport in double-layer capacitors and pseudocapacitors [28]. An understanding of the 

physics of such transport phenomenon is critical to the design and optimization of capac-

itor performance. 

Energy transport at the micro/nanoscale is still a very active research area, and cur-

rent research is very diverse, including study of detailed phonon dynamics, structure, and 

behaviors, material design to either enhance or suppress energy transport, and new tech-

nology development to overcome challenges in characterizing special materials [29,30]. 

Funding: This research was funded by the US National Science Foundation (CBET1930866 and 

CMMI2032464). 

Conflicts of Interest: The author declares no conflict of interest. 

References 

1. Xie, Y.; Xu, S.; Xu, Z.; Wu, H.; Deng, C.; Wang, X. Interface-mediated extremely low thermal conductivity of graphene aerogel. 

Carbon 2016, 98, 381–390. 

2. Feng, T.; Zhong, Y.; Shi, J.; Ruan, X. Unexpected high inelastic phonon transport across solid-solid interface: Modal 

nonequilibrium molecular dynamics simulations and Landauer analysis. Phys. Rev. B 2019, 99, 045301. 

https://doi.org/10.1103/PhysRevB.99.045301. 

3. Feng, T.; Yao, W.; Wang, Z.; Shi, J.; Li, C.; Cao, B.; Ruan, X. Spectral analysis of nonequilibrium molecular dynamics: Spectral 

phonon temperature and local nonequilibrium in thin films and across interfaces. Phys. Rev. B 2017, 95, 195202. 

https://doi.org/10.1103/PhysRevB.95.195202. 

4. Zhong, Z.; Wang, X.; Xu, J. Equilibrium Molecular Dynamics Study of Phonon Thermal Transport in Nanomaterials. Numer. 

Heat Transf. Part B Fundam. 2004, 46, 429–446. https://doi.org/10.1080/10407790490487514. 

5. Zhang, J.; Huang, X.; Yue, Y.; Wang, J.; Wang, X. Dynamic response of graphene to thermal impulse. Phys. Rev. B 2011, 84, 

235416. 

6. Xu, J.; Wang, X. Simulation of ballistic and non-Fourier thermal transport in ultra-fast laser heating. Phys. B Condens. Matter 

2004, 351, 213–226. https://doi.org/10.1016/j.physb.2004.06.009. 

7. Guo, J.; Wang, X.; Geohegan, D.B.; Eres, G.; Vincent, C.C. Development of pulsed laser-assisted thermal relaxation technique 

for thermal characterization of microscale wires. J. Appl. Phys. 2008, 103, 113505. https://doi.org/10.1063/1.2936873. 

8. Guo, J.Q.; Wang, X.W.; Wang, T. Thermal characterization of microscale conductive and nonconductive wires using transient 

electrothermal technique. J. Appl. Phys. 2007, 101, 063537.  

9. Deng, C.; Sun, Y.; Pan, L.; Wang, T.; Xie, Y.; Liu, J.; Zhu, B.; Wang, X. Thermal Diffusivity of a Single Carbon Nanocoil: 

Uncovering the Correlation with Temperature and Domain Size. ACS Nano 2016, 10, 9710–9719. 

https://doi.org/10.1021/acsnano.6b05715. 

10. Deng, C.; Cong, T.; Xie, Y.; Wang, R.; Wang, T.; Pan, L.; Wang, X. In situ investigation of annealing effect on thermophysical 

properties of single carbon nanocoil. Int. J. Heat Mass Transf. 2020, 151, 119416. 

https://doi.org/10.1016/j.ijheatmasstransfer.2020.119416. 

11. Gao, J.; Zobeiri, H.; Lin, H.; Xie, D.; Yue, Y.; Wang, X. Coherency between thermal and electrical transport of partly reduced 

graphene paper. Carbon 2021, 178, 92–102. https://doi.org/10.1016/j.carbon.2021.02.102. 

12. Wang, T.; Wang, X.; Guo, J.; Luo, Z.; Cen, K. Characterization of thermal diffusivity of micro/nanoscale wires by transient photo-

electro-thermal technique. Appl. Phys. A 2007, 87, 599–605. https://doi.org/10.1007/s00339-007-3879-y. 



Nanomaterials 2023, 13, 1746 3 of 3 
 

 

13. Xu, S.; Wang, T.; Hurley, D.; Yue, Y.; Wang, X. Development of time-domain differential Raman for transient thermal probing 

of materials. Opt. Express 2015, 23, 10040–10056. 

14. Wang, T.; Xu, S.; Hurley, D.H.; Yue, Y.; Wang, X. Frequency-resolved Raman for transient thermal probing and thermal 

diffusivity measurement. Opt. Lett. 2016, 41, 80–83. 

15. Yuan, P.; Wang, R.; Tan, H.; Wang, T.; Wang, X. Energy Transport State Resolved Raman for Probing Interface Energy Transport 

and Hot Carrier Diffusion in Few-Layered MoS2. ACS Photonics 2017, 4, 3115–3129. https://doi.org/10.1021/acsphotonics.7b00815. 

16. Lin, H.; Xu, S.; Wang, X.; Mei, N. Thermal and Electrical Conduction in Ultra-thin Metallic Films: 7 nm down to Sub-nm 

Thickness. Small 2013, 9, 2585–2594. 

17. Liu, J.; Wang, T.; Xu, S.; Yuan, P.; Xu, X.; Wang, X. Thermal conductivity of giant mono- to few-layered CVD graphene supported 

on an organic substrate. Nanoscale 2016, 8, 10298–10309. https://doi.org/10.1039/c6nr02258h. 

18. Lin, H.; Shen, F.; Xu, J.; Zhang, L.; Xu, S.; Liu, N.; Luo, S. Thermal Transport in Extremely Confined Metallic Nanostructures: 

TET Characterization. Nanomaterials 2023, 13, 140. 

19. Kalantari, M.H.; Zhang, X. Thermal Transport in 2D Materials. Nanomaterials 2023, 13, 117. 

20. Dai, H.; Wang, R. Methods for Measuring Thermal Conductivity of Two-Dimensional Materials: A Review. Nanomaterials 2022, 

12, 589. 

21. Liu, J.; Li, P.; Zheng, H. Review on Techniques for Thermal Characterization of Graphene and Related 2D Materials. 

Nanomaterials 2021, 11, 2787. 

22. Zhou, J.; Xu, S.; Liu, J. Review of Photothermal Technique for Thermal Measurement of Micro-/Nanomaterials. Nanomaterials 

2022, 12, 1884. 

23. Xu, C.; Xu, S.; Zhang, Z.; Lin, H. Research on In Situ Thermophysical Properties Measurement during Heating Processes. 

Nanomaterials 2023, 13, 119. 

24. Liu, J.; Li, P.; Xu, S.; Xie, Y.; Wang, Q.; Ma, L. Temperature Dependence of Thermal Conductivity of Giant-Scale Supported 

Monolayer Graphene. Nanomaterials 2022, 12, 2799. 

25. Wang, Q.; Wu, Y.; Deng, X.; Xiang, L.; Xu, K.; Li, Y.; Xie, Y. Preparation and Bolometric Responses of MoS2 Nanoflowers and 

Multi-Walled Carbon Nanotube Composite Network. Nanomaterials 2022, 12, 495. 

26. Lin, H.; Xu, J.; Shen, F.; Zhang, L.; Xu, S.; Dong, H.; Luo, S. Effects of Current Annealing on Thermal Conductivity of Carbon 

Nanotubes. Nanomaterials 2022, 12, 83. 

27. Deng, C.; Jiang, M.; Wang, D.; Yang, Y.; Trofimov, V.; Hu, L.; Han, C. Microstructure and Superior Corrosion Resistance of an 

In-Situ Synthesized NiTi-Based Intermetallic Coating via Laser Melting Deposition. Nanomaterials 2022, 12, 705. 

28. Nunes, W.G.; Pascon, A.M.; Freitas, B.; De Sousa, L.G.; Franco, D.V.; Zanin, H.; Da Silva, L.M. Electrochemical Behavior of 

Symmetric Electrical Double-Layer Capacitors and Pseudocapacitors and Identification of Transport Anomalies in the 

Interconnected Ionic and Electronic Phases Using the Impedance Technique. Nanomaterials 2022, 12, 676. 

29. Wang, R.; Hunter, N.; Zobeiri, H.; Xu, S.; Wang, X. Critical problems faced in Raman-based energy transport characterization 

of nanomaterials. Phys. Chem. Chem. Phys. 2022, 24, 22390–22404. https://doi.org/10.1039/d2cp02126a. 

30. Zobeiri, H.; Hunter, N.; Xu, S.; Xie, Y.; Wang, X. Robust and high-sensitivity thermal probing at the nanoscale based on 

resonance Raman ratio (R3). Int. J. Extrem. Manuf. 2022, 4, 035201. https://doi.org/10.1088/2631-7990/ac6cb1. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


