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1. Simulations of two closely interacting Si nanoellipaoids

Two identical silicon nanoellipsoids are closely put together at the initial surface 

separation apart of d0=0.5 Å. After geometrical optimization, MD simulation is 

conducted for at least 50.0 ps using a NVT ensemble at 300 K to fully relax structure. As 

observed from Figure S-1, with the increase of the simulation time from o to 20 ps, the 

two nanoellipsoids becomes increasingly close to each other and the surface separation 

distance becomes narrower. The two nanoparticles almost intimately contact each other 

after 30 ps (Figure S-1d). The results show that even the surface separation is pretty close, 

still no surface diffusion happened. This may be because different from the dangling 

bonds (the coordination number equals to 1), the coordination number of the unsaturated 

silicon atoms on the surface of particle is still two or three, thus limiting their flexibility 

to move. 
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Figure S-1. Sequential snapshots of two closely interacting silicon nanoellipsoids of (2.5 

nm, 5.0 nm, 2.0 nm) at (a) 0 ps, (b) 10 ps, (c) 20 ps, (d) 30 ps, (e) 40 and 50 ps. The 

initial surface separation between them is d0=0.5 Å. 

2. Characterization of Atomic Structures of Si Nanospheres

For ellipsoidal particle, there are three principal radii along the three different directions. 

When calculating the surface separation, to be consistent with the previous work, the 

principal radius along one particular direction can still be defined as done before1. The 

defined principal radius along one particular direction can be obtained based on the 

corresponding nanospheres with radius equal to the principal radius. 

   Since the thermal vibrations of surface atoms in nanospheres may fluctuate out of the 

cut-off radius R0 and the size of nanospheres becomes vague.2 Therefore, the structure of 

Si nanospheres will be characterized following the approach proposed by Van Hoang: 

atoms on the surface of a nanosphere with unsaturated coordination are considered as 

surface atoms while those in the core with full coordination are considered as core 

atoms.3 The definition of each parameters including their core radius Rcore, surface 

roughness (rms), particle radius (R), effective surface thickness δ and maximum surface 

thickness δMax can be found in the work1 and an illustration is drawn for the convenience 



of understanding (Figure S-2). By analyzing the equilibrated structure of nanospheres 

from the MD simulations, each parameter can be quantified and listed in Table S-1. Note 

that in the treatment, atoms which are not in the core are referred to as “surface atoms” 

while those in the core are termed as “core atoms”, and their radial distances from the 

nanosphere centre are denoted as or , respectively. surf
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Figure S-2. A schematic structure of crystalline Si nanosphere with defined parameters. 

The shadow represents the particle surface with certain thickness.

Table S-1 Structural parameters of Si nanospheres (Å)

R0 12.5 25.0 37.5 50.0

Rcore 10.8 22.7 35.0 47.5

R 11.56 23.68 36.04 48.49

rms 0.588 0.615 0.614 0.651

rms/R 0.0508 0.0259 0.0170 0.0134

δ 1.35 1.59 1.65 1.64

 δMax 1.46 2.17 2.26 2.45

3. Interplay between LJ force and mechanical contact force



Figure S-3 demonstrates the interparticle LJ potential ELJ, LJ force FLJ, the contact force 

Fc as a function of surface separation distance d. It is clear that the LJ potential first 

decreases to a first minimum at d≈0.14 nm, and then increases sharply by decreasing 

surface separation, finally reaches a second potential minimum. By differentiating 

interparticle LJ potential with respect to surface separation, the as-obtained LJ force also 

first decreases to a first minimum, followed by increasing sharply, finally reaches a 

second minimum force. The first minimum point of LJ potential corresponds to the first 

almost zero point of LJ force at d≈0.14 nm where the occurrence of mechanical contact 

force initiates, confirming that due to the intermolecular repulsive forces, the mechanical 

contact force arises when two surfaces are less than equilibrium separation distance apart.  

In addition, the twice appeared minima indicate the stepped atomic structure at the 

interface of two closely interacting nanoellipsoids.

As observed from Figure S-3b, the pull-off force of two parallel silicon nanoelliposids 

with Re=2.5 nm (Table 2), i.e., the first minimum point, is about -2.0 nN. In view of the 

Hamaker constants of silica1 (ASilica=6.5×10-20 J) and ASi=14.8×10-20 J, the pull-off force 

between two 40 nm-radius silica is about -13.2±2.6 nN.4 But considering the size 

difference of Re =2.5 nm and R=40 nm and also the difference in Hamaker coefficient, 

the magnitude of pull-off force obtained in this work is reasonable.

   In addition, it should be noted that before particle’s contact, the interparticle force is 

dominated by LJ force while there is almost no contact force. But after contact 

deformation, apart from the contribution of LJ force, contact force also arises and in 

particular, the mechanical contact force becomes dominant: the magnitude of LJ force is 

far less than mechanical contact force as observed from Figure S-3b and c. Of note, our 

formulas can reasonably reproduce the MD simulated results before particle’s contact 

deformation.
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Figure S-3. The interplay between interparticle LJ potentials ELJ (a), LJ forces FLJ (b) and  

mechanical contact forces Fc (c) between two parallel silicon nanoellipsoids of (2.50, 

5.00, 2.50) nm in radius as a function of surface separation. (b): the red dashed line 

represents MD simulated results while the black dashed line denotes the results calculated 

from our formulas of Eqs. (6) and (7).

4. Supplementary nomenclature

Table S-2 Nomenclature for symbols used in this work

Symbol

A Hamaker constant

C the vdW attraction interaction parameter

ε the potential well depth or strain

σ the collision diameter of atom



ELJ interparticle Lennard-Jones potential

E Young’s modulus

E* the reduced Young’s modulus

R0 the cut-off radius

R the defined particle radius  R R

 R the averaged radial distance of surface atoms from particle’s centre

Rcore the radius of particle’s core

Re the equivalent radius

 χ12 η12 the orientation term

 1R the radius of principal curvature

 1R the radius of principal curvature

 B A aspect ratio

F2 the correction factor for the eccentricity of the ellipse

δ effective surface thickness

δMax the maximum surface thickness

δn normal displacement

d the shortest surface separation along the line of two particles’ centres

dmin The minimum surface separation

v velocity or volume of atom

λ the ratio of the particle radii of two particles

Fn total normal force

FvdW  van der Waals attraction force

FBorn the short range Born repulsion force



Fc mechanical contact force
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