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The photoacoustic effect in carbon nanotubes (CNTs) provides a new technique for biomedical diagnostics 
and treatment in living systems [1, 2] and, in general, a mean for acoustic frequency generation ranging in 
the THz. However, a thorough understanding of the thermoacoustics properties of a matrix embedded CNT 
is still lacking. In this context, we theoretically and computationally investigate here the transient 
photothermal acoustic response of CNTs immersed in water, triggered by an ultrafast laser pulse. Given the 
time and length scales involved, the system requires a multi-physics, multi-scale approach [3]. First, the 
laser pulse triggers an impulsive temperature increase of the CNT (sub-ps time scale). Heat is then 
dissipated to the proximal water portion surrounding the CNT (ns time-scale). The thermal exchange at the 
CNR/water interface is governed by the thermal boundary resistance [4], which we retrieve from dedicated 
molecular dynamics (MD) simulations [5]. The CNT and water temperature increase leads to their thermal 
expansion, finally launching a pressure wave in water. 

For similar cases, with water-dispersed metallic nanoparticles excited by nanosecond pulses, only the 
water's expansion plays an effective role in launching the acoustic wave (thermophone effect) [4, 6]. Here, 
the contributions of the CNT's and water's expansion are discussed in detail, showing the emergence of a 
new competitive mechanism, which involves the generation of periodic vibrations or impulsive dilation in 
the CNT upon pulsed excitation, and the direct mechanical launching of a pressure wave in water 
(mechanophone effect). 

Our simulations follow step-by-step the photothermal-acoustic steps involved, thus combining the optical, 
heat transfer and thermo-acoustic phenomena. The problem is tackled solving, via Finite Element Methods, 
the macro-physics equations upon insertion of the microscopic thermal parameters calculated from MD. 
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Fig. 1. Schematic representation of the mechanisms for pressure wave generation in water upon nanotube pulsed light excitation. 
(Left) Wave triggered by photothermal dilation of surrounding water, referred to as thermophone. (Right) Wave triggered by 

mechanical expansion of the nanotube, referred to as mecanophone. 
References 

[1] A. De La Zerda, C. Zavaleta, S. Keren, S. Vaithilingam, S. Bodapati, Z. Liu, J. Levi, B.R. Smith, T. Ma, O. 
Oralkan, Z. Cheng, X. Chen, H. Dai, B.T. Khuri-Yakub, S.S. Gambhir, Nat. Nanotechnol. 3 (2008) 557.  

[2] B. Kang, D. Yu, Y. Dai, S. Chang, D. Chen, Y. Ding, Small 5 (2009) 1292.  

[3] C. Caddeo, C. Melis, A. Ronchi, C. Giannetti, G. Ferrini, R. Rurali, L. Colombo, F. Banfi; Phys. Rev. B 95 (2017) 
085306.  

[4] M. Gandolfi, F. Banfi, C. Glorieuxc; Photoacoustics 20 (2020) 100199.  

[5] S.M. Nejad, R. Srivastava, F.M. Bellussi, H.C. Thielemann, P. Asinari, M. Fasano, Int. J. Therm. Sci. 159 (2021) 
106588. 

[6] Y.S. Chen, W. Frey, S. Aglyamov, S. Emelianov, Small 8:1 (2012) 47-52. 

 

 


