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Figure S1. SEM micrograph of a “thick-walled” (left) and “thin-walled” (right) Ag-SiO2 

core-shell NWs 

 

Table S1. Statistics of shape restoration of Ag-SiO2 NWs at constant e-beam parameters. 

NW 

No. 

Radius 

of NW 

rNW , 

nm 

Shell 

thickness, nm 

Maximum 

curvature 

κ, µm
-1 

Maximum 

stress in 

the core 

σcore,GPa 

Degree of 

restoration, % 

1 132 29 0.77 8.42 63 

2 105 36 0.29 2.51 100 

3 119 39 0.88 8.77 83 

1.12 11.07 78 

4 98 28 0.23 1.88 87 

5 100 31 0.25 2.10 100 

0.40 3.30 100 

0.81 6.76 90 

0.85 7.10 88 

6 90 28 0.25 1.87 100 

0.37 2.77 89 

0.31 2.36 84 

0.66 4.93 92 

7 112 34 0.33 3.05 82 

0.71 6.65 72 

0.80 7.45 61 

8 79 36 0.54 3.54 87 

0.78 5.12 83 

9 97 45 0.55 4.39 90 

0.48 3.85 92 

 



Table S2. Results of fatigue test.  

Nr 
Ag/SiO2 NW  

diameter (nm) 

Shell thickness 

(nm) 

Initial oscillation 

amplitude (µm) 

1 179(4) 39(3) 1,1 

2 317(3) 46(2) 2,3 

3 237(3) 40(3) 1,3 

4 202(3) 46(2) 1,6 

5 223(4) 39(3) 1,3 

6 165(3) 32(3) 1,9 

Average 220 40(5) 1,6 

 

 

 

Figure S2. Bending of pure an Ag NW. Elastic and then plastic deformation. 

 

  

Figure S3. Fracture of pure AgNW (left image). Fracture of core-shell NW (right image).  

 

 



 Figure S4. Bending of SiO2 nanotube (Ag core etched off chemically). Tip approaches a SiO2 

nanotube (a). NT is bent (b). Tip retracted from NT (c). NT does not restore its shape (d).  

 

 

Figure S5. Core-shell NW cross-section, where SiO2 shell is divided into two subdomains, 

the one exposed to irradiation by electron beam and the one that is shielded from electron 

beam by Ag core. 

 

 

 

 

Figure S6. Von Mises stresses in a bent Ag NW (COMSOL simulation). Part of the NW is 

rigidly fastened to the substrate. Length of the NW is 2 µm (1.9 µm is the length of 



suspended part), diameter is 139 nm. Deflection is 500 nm. Stresses are maximal at the 

interface between adhered and suspended part. 

 

Description of FEM simulations 

The finite element method (FEM) environment (COMSOL Multiphysics 4.4) was employed 

to test the proposed explanation of the core-shell NW restoration effect, and to estimate the 

viscosity of the shell under electron beam irradiation. The exact geometry of the 

experimentally studied core-shell NW was replicated. The length as well as the 

corresponding core-shell radii were taken from experimental SEM images. The core was 

modelled as a prismatic beam with pentagonal cross-section and was enveloped by a cylinder. 

The shell was divided into two subdomains, the one exposed to irradiation by electron beam 

and the one that is shielded from electron beam by Ag core. Solid Mechanics module with the 

Linear Elastic Material was used for the three domains. The entire mesh of the geometry 

consisted of approx. 5000 tetrahedral elements. 

Modelling materials had to mimic the viscoelastic response of the Ag-SiO2 NW (viscous 

response of the exposed part of the shell and the elastic restoration force generated by the 

core and the shielded part). Viscoelasticity sub-node was used for the irradiated part of shell 

and the Kelvin-Voigt viscoelastic material model was employed. Taking into account the fact 

that stresses in a bent shell relax under e-beam irradiation, it was modelled as a viscous 

material without spring that essentially means solely viscous response. Then the pure viscous 

mechanical stress σ is the only one generated in the material according to εησ &2=  equation 

between the stress σ, viscosity η and the elastic strain ε. The core was modelled as a pure 

elastic material with Young modulus EC=83 GPa and Poisson’s ratio νC=0.37. Young’s 

modulus of the shielded (elastic) part of the shell was ES=25 GPa as measured in 

conventional nanoindentation test. The densities for the core and shell were correspondingly 

ρC=10520 kg/m
3
 and ρS= 2200 kg/m

3
. 

Resulting system was a combination of Kelvin-Voight and Maxwell models for viscoelastic 

materials with elastic springs assigned to the core and shielded part of the shell, while 

exposed shell was described by viscous dashpot. Such simplified approach allowed to obtain 

good fit between experimental and modeled relaxation curves. 

In order to realize the defined system, the part of wire was fixed in space, which 

corresponded to the contact between substrate and NW. The whole simulation is time-



dependent. The simulation was divided into finite time-steps with value of 0.1 seconds and 

the total number of steps depended on the duration of the real experiment. For initiating 

bending of the overhanging part of the wire a point force was applied. The force was defined 

as a time-dependent piecewise function, where the force was increased over 60 seconds and 

then dropped to zero, which represents the removal of the tip in experiments. It was followed 

by the free restoration of the NW. Viscosity η of the shell was varied in each simulation to 

find proper fit between experimental and simulated relaxation curves.  

  


