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1. SEM of the BaTiO3 powders particles
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Fig. S1 SEM of the 80 nm (a) and the 200 nm (b) BaTiO3 powders.
Fig. S1 is the SEM of the as-obtained BaTiO3 powders. They have uniform spherical morphology with good dispersibility homogeneity and smoother surfaces. Both of the particles size distributions exhibit the normal distribution. The mean particle size is 80 nm (named as the small particles) and 200 nm (named as the large particles), respectively, as displayed in the illustrations of Fig. S1a and S1b. 
2. XRD of the BaTiO3 powders particles
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Fig. S2 XRD of the 80 nm and the 200 nm BaTiO3 powders.
Fig. S2 is the XRD of the as-obtained BaTiO3 powders. XRD pattern also proved that they are perovskite phases based on the diffraction peaks corresponding to standard card of PDF 05-0626. On the whole, the intensity of XRD diffraction peak of the 200 nm BaTiO3 particles is stronger than that of the 80 nm BaTiO3 particles, which indicates that the former has higher crystallinity than that of the latter. Since the XRD diffraction peak split at 44-46° is obvious, the large particles are composed of a tetragonal phase. Corresponding to XRD diffraction peak of the small ones, there is only a relatively broadened peak at 44-46°, showing that the small ones are a pseudo-cubic phase composed of tetragonal phase and cubic phase. The XRD peak at 44-46° of the small ones shift to a high angle, displaying that the unit cell volume became smaller.
3. Particle size distribution of the BaTiO3 powders particles obtained by the laser particle size analyzer
Fig. S3 is the particle size distribution of the as-obtained BaTiO3 powders. The tested number of the 80 nm BaTiO3 powders particles is 331, and the particle size distribution is relative narrow (90-104 nm), whose average particle size is 97 nm. And the tested number of the 80 nm BaTiO3 powders particles is 330, whose particle size distribution and average particle size are 188-246 nm and 217 nm, respectively. The test results obtained by the laser particle size analyzer are comparable to that by the SEM micrograph through a linear intercept method, which are the same order of magnitude. 
[image: image3.png]Size Distribution by Intensity

Intensity (%)
2N w s a2
3 888 33

°

°

10 100 1000 10000
Size (d.nm)

b Size Distribution by Intensity

40

@
8

Intensity (%)
8

3

ot
01 1 10 100 1000 10000
Size (d.nm)





Fig. S3 Particle size distribution of the 80 nm (a) and the 200 nm (b) BaTiO3 powders obtained by a Laser Particle Size Analyzer.
4. Comparison of the Gibbs free energy of the binary particle size system by the calculated results and the experimental data
Because the smaller the size of the micro-nano powders is, the easier it is to agglomerate. The test results of the laser particle size analyzer method are larger than that of the SEM measurement results, which show the relative large errors. The surface area of the BaTiO3 powders can be obtained by converting the particle size achieved by the laser particle size analyzer. For 1 g BaTiO3 spherical particles with particle size d, the following equation is satisfied:
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Where n is the number of the BaTiO3 powders particles, and ρ is its density. By combining the equation (1) with the  equation (
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), we can get the equation (2) as follow:
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Where, S is the specific surface area of the BaTiO3 powders particles, and the unit is m²/g. Supposing the S80 and S200 are the specific surface area of the 80nm and 200 BaTiO3 powders particles, respectively, the calculation results are S80=10.2802 m²/g and S200=4.5953 m²/g, respectively. According to the equation (3), for 1 mol BaTiO3 powders, the total surface area (SA) of the BaTiO3 powders can be obtained.  
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Where, R is the radius of the BaTiO3 powders particles. When the temperature and pressure are determined, for 1 mol spherical particles, the G satisfies the following equation (4):
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Where, M is the molecular weight of the BaTiO3 powders, (s is the surface free energy of the BaTiO3 powders particles, and Vm is its molar volume. According to equation (5), the G values of the 80 nm and the 200 nm BaTiO3 powders are 167.81 J/mol and 47.61 J/mol, respectively. When the powder ratio is 1:1, the G value of the binary particle size system is 107.71 J/mol. The experimental results are comparable to the calculated results, indicating that the mechanism explanation is reasonable.
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