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Validation. Figure SI1 shows the calculated total energy of equilibrated rutile TiO2 nanoparticles 

(open symbols) with diameter dp,0 = 2 (triangles), 2.8 (circles) and 3 nm (squares) as function of 

temperature along with the simulations of Collins et al.
1
 for d = 2.8 nm (filled circles). The 

energy of the dp,0 = 2.8 nm particle calculated here is in agreement with Collins et al.
1
. 

Decreasing the particle size to dp,0 = 2 nm leads to a small step in the total energy. This marks the 

transition temperature between solid- and liquid-like particles. The small size of this step 

indicates that the transition between liquid and solid is small explaining the liquid-like behavior 

of such particles (Figure 4). Increasing the particle size shifts this step to higher temperatures 

(2300 K for 2.8 nm and 2700 K for 3 nm), higher than the melting temperature of bulk TiO2 in 

agreement with Koparde and Cummings
2
. 
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Figure SI1 The total energy of equilibrated rutile TiO2 nanoparticles with initial diameter dp,0 = 

2.8 nm (1245 ions) of Collins et al.
1
 (filled circles) compared with this work (open symbols) as a 

function of temperature. 

 

Different Initial Particle Orientations. Figure SI2 shows that different initial particle 

orientations (right particle is rotated by 0 (black), 90 (red), 180 (pink) and 270° (green)) lead to 

slightly different evolution of surface area during all stages of sintering, but all are close to each 

other (dp,0 = 3 nm and T = 1800 K). The evolution for 0° (red line) deviates slightly more than the 

rest but it also converges with the others at the end. The average of these four simulations is 

shown here and in Figure 4 (dash-dot line). The bond order parameters Q4, W4 and W6 for oxygen 

and titanium ions in the present nanoparticles were calculated following Steinhardt et al.
3
 with 

the source code of Wang et al.
4
. It was found that the final coalesced TiO2 nanoparticle remained 

in the rutile phase as the initial ones in agreement with Koparde and Cummings
5
. 
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Figure SI2 Evolution of normalized surface area for two rutile TiO2 particles undergoing 

sintering with dp,0 = 3 nm at conserved T = 1800K where the right particle is rotated by 0 (red), 

90 (black), 180 (pink) and 270° (green) along with their average (dashed line). 

 

Influence of temperature on Sintering. Figure SI3 shows the average of four evolutions 

of normalized surface area a/a0 for two TiO2 nanoparticles undergoing sintering with initial 

diameter dp,0 = 2.5 nm as in Fig. 4 at T = 1500 (dotted line), 1600 (dash-dot), 1700 (dashed) and 

1800 K (solid). The horizontal line defines again the excess surface area reduction by 67 % as 

discussed in the paper. Increasing the temperature leads to shorter characteristic sintering times 

and therefore faster sintering in agreement with experiments
6
. Note that the initial stage of 

sintering (adhesion) does not depend on temperature so all evolutions are clustered together 

because adhesion depends mostly on particle diameter for solid particles. 



  29 

 

 

Figure SI3 Evolution of the normalized surface area of two TiO2 nanoparticles undergoing 

sintering with initial diameter dp,0 = 2.5 nm at conserved temperatures T = 1500, 1600, 1700 and 

1800 K. The thin horizontal line where the excess surface area (right axis) has decreased by 67% 

defines the MD-obtained characteristic sintering times  in Fig. 6 (circles). 
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