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Abstract:  The mechanism of the shape elongation of metal nanoparticles (NPs) in amorphous silica, 38 

which is induced under swift heavy ion irradiation, is discussed. Since the discovery of this 39 

phenomenon, several mechanisms were proposed and debated. Now, only two major mechanisms have 40 

survived: (i) the synergy model between the ion hammering and the transient melting of NPs by the 41 

inelastic thermal spike, and (ii) the thermal pressure and flow model. Here, we discuss that three 42 

experimental results are inconsistent with (i). The latter is supported by two-temperature molecular 43 

dynamics simulations (TT-MD), which simulate not only the atomic motions but also the local electron 44 

temperatures. While a remarkable correlation was observed between the temporal evolution of the silica 45 

density around the ion trajectory and that of the aspect ratio of the NP later than ~1 ps after the ion 46 

impact, no correlation was observed earlier than ~1 ps. Since the silica has a much higher electron-47 

lattice (e-L) coupling than the metal NP, the lattice temperature quickly increases up to remarkably high 48 

values, which results in quick and large expansion and recovery in silica. By contrast, metal NPs have 49 

low e-L coupling, which results in slow temperature change. The NP remains in a solid state in the 50 

period where silica experiences the quick expansion, and only melts and deforms when the silica is 51 

already in the recovery stage. The large difference of the temperature evolution between silica and metal 52 

NPs is the origin of the shape elongation. 53 
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1. Introduction 57 

�7�K�H���V�K�D�S�H���H�O�R�Q�J�D�W�L�R�Q���R�I���Q�D�Q�R�S�D�U�W�L�F�O�H�V�����1�3�V�����Z�D�V���I�L�U�V�W�O�\���R�E�V�H�U�Y�H�G���E�\���'�¶�2�U�O�H�D�Q�V���H�W���D�O�����L�Q�������������X�Q�G�H�U��58 

swift heavy ion (SHI) irradiation of 200 MeV I [1]. They formed Co NPs with a mean diameter of ~10 59 

nm by implantation with 160 keV Co ions into 300 nm thick SiO2 layers on Si at elevated temperature 60 

of 873 K. Large NPs were required for observing the shape elongation, because it was proposed that the 61 

elongation was induced only for NPs larger than the ion track diameter [2]. The large size was 62 

considered a prerequisite for the shape elongation of NPs.  In the original paper [1], NPs were irradiated 63 

with 200 MeV 127I ions to fluences up to 1 �u 1014 ions/cm2 at room temperature, which resulted in a 64 

drastic change of the shape of NPs. They were found to be strongly elongated along the same direction 65 

as the SHI beam. 66 

       Soon after the discovery, the same phenomenon was observed in a different configuration, i.e. in 67 

chemically-synthesized free-standing Au-core/silica-shell colloidal NPs [3]. After irradiation with 30 68 

MeV selenium ions to a fluence of 2 �u 1014 ions/cm2, the spherical gold core of 14 nm in diameter 69 

elongated along the beam direction and transformed to a rod of 6 nm diameter and 54 nm length. 70 

Simultaneously the silica shell expanded perpendicularly to the beam and shrank in the direction parallel 71 

to the beam. Since colloidal silica NPs without Au cores show the similar shape changes, the 72 

deformation of the silica


























