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S1: The peaks of 20.08° and 35.97° stand for the β-phase [1]. 

 
Figure S1. XRD pattern of pure PVDF. 

Table S1. Conversion of mass fraction to volume fraction. 

Mass fraction (wt%) Mass of SiO2 (g) Volume of SiO2 (cm3) Volume fraction 
(vol%) 

0.1 0.01 0.090 1.59 
0.2 0.02 0.181 3.13 
0.3 0.03 0.273 4.63 
0.4 0.04 0.364 6.08 
0.5 0.05 0.455 7.49 
0.6 0.06 0.545 8.85 
0.7 0.07 0.636 10.17 
0.8 0.08 0.727 11.46 
0.9 0.09 0.818 12.71 
1.0 0.1 0.909 13.93 
2.0 0.2 1.818 24.45 

The density of PVDF and nano-silica are 1.78 g/cm3 and 0.11 g/cm3. The volume frac-
tion of nano-silica can be calculated as following: 
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Vol (%) = ௏೙ೌ೙೚షೞ೔೗೔೎ೌ௏ುೇವಷ ା ௏೙ೌ೙೚షೞ೔೗೔೎ೌ  Х 100% 
For all samples, the mass of PVDF is 10 g, so VPVDF =10/1.78 = 5.618 cm3 

As the mass fraction of nano-silica raises from 0.1 wt% to 2.0 wt%, its volume fraction 
increases from 1.59 vol% to 24.25 vol%. The detailed result goes from one to the other can 
be seen in the Table S1. 

S2: To confirm the presence of KH570 on the surface of the particles, infrared was 
performed on the nano-silica before and after modification. The FTIR spectrum in Figure 
S2 displays that the nano-silica after modification demonstrate the characteristic peaks of 
KH570, which are located at 1700, 2350, and 2960, while pure silica does not exhibit these 
peaks. Therefore, the nano-silica was successfully modified. 

 
Figure S2. FTIR results of nano-silica before and after KH570 modification. 

S3: According to the TEM images, the average diameter of 20-nm, 30-nm, and 50-nm 
modified nanoparticles is 19.85 ± 3.35 nm, 33.48 ± 5.64 nm, and 55.69 ± 4.97 nm, respec-
tively. The specific analysis method is as following: TEM images were imported to ImageJ 
software. In ImageJ software, we set the size of scale bar firstly, and then measure each 
particle size by the measurement function of ImageJ (Figure S2). For each group of parti-
cles, we usually take about 30 TEM images, and measure at least 2–3 particle diameters in 
each image. A total of 50 particle diameters are measured, and then calculate the average 
value. Finally, the 50 diameter measurements were exported to Excel, and the average 
diameter of particles can be obtained. 
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Figure S3. Schematic diagram of using ImageJ software to measure particle size. 

S4：The calculations process of Rg 
Figure 3 stands for the function graph of -ln I(q) vs q2 and we can use Excel to fit the 

graph to get the slope and intercept. 
In addition, we can obtain the equation െln I(q) ൌ ln(ρ02v2) ൅ R୥ଶqଶ/3  from the 

equation I(q) ൌ 𝜌଴ଶ𝑣ଶ𝑒ି೜మೃ೒మయ  (1). Then Rg of the sample can be calculated through the slope 
of linear fitting since the slope equals R୥ଶ/3.  

For pure PVDF, the slope is 95.5418 ± 5.5706 nm, thus 𝑅௚ ൌ √3 ൈ 95.5418 = 16.93 nm. 
For PVDF/0.5 wt% TiO2, the slope is 107.64 ± 6.7435 nm, thus  𝑅௚ ൌ √3 ൈ 107.64 = 

17.97 nm. 

S5: Tan δ exhibits the minimum when the temperature is around 120℃. 

 
Figure S4. The changes of tanδ with temperature at 1Hz. 

S6： The detailed calculation results of Me 
The density is around 1.78 g/cm3; R equals 8.314 J/(mol·K); T is 393 K (120℃). Take 

the pure PVDF as an example to calculate the Me. 
The plateau modulus of pure PVDF is 648.72 MPa, and thus: 

Me=𝟏.𝟕𝟖 𝒈/𝒄𝒎𝟑∗𝟖.𝟑𝟏𝟒 𝑱/(𝒎𝒐𝒍·𝒌)∗𝟑𝟗𝟑𝒌𝟔𝟒𝟖.𝟕𝟐∗𝟏𝟎𝟔𝑷𝒂 =𝟏.𝟕𝟖 𝒈/𝒄𝒎𝟑∗𝟖.𝟑𝟏𝟒 𝑱/(𝒎𝒐𝒍·𝒌)∗𝟑𝟗𝟑𝒌𝟔𝟒𝟖.𝟕𝟐∗𝟏𝟎𝟔𝑱/𝒎𝟑 =8.97 g/mol 
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Me (PVDF/20 nm SiO2) = 𝟏.𝟕𝟖 𝒈/𝒄𝒎𝟑∗𝟖.𝟑𝟏𝟒 𝑱/(𝒎𝒐𝒍·𝒌)∗𝟑𝟗𝟑𝒌𝟒𝟒𝟗.𝟕𝟔∗𝟏𝟎𝟔𝑱/𝒎𝟑 =12.93 g/mol 

Me (PVDF/30 nm SiO2) = 𝟏.𝟕𝟖 𝒈/𝒄𝒎𝟑∗𝟖.𝟑𝟏𝟒 𝑱/(𝒎𝒐𝒍·𝒌)∗𝟑𝟗𝟑𝒌𝟒𝟒𝟏.𝟕𝟖∗𝟏𝟎𝟔𝑱/𝒎𝟑 =13.16 g/mol 

Me (PVDF/50 nm SiO2) = 𝟏.𝟕𝟖 𝒈/𝒄𝒎𝟑∗𝟖.𝟑𝟏𝟒 𝑱/(𝒎𝒐𝒍·𝒌)∗𝟑𝟗𝟑𝒌𝟓𝟐𝟗.𝟐𝟐∗𝟏𝟎𝟔𝑱/𝒎𝟑 =10.99 g/mol 
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