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Negligible heating effect of electron beam

The maximum temperature rise T of sample caused by the electron beam is 

calculated,1

                                                     
∆T =

I
πke(∆E

t )ln b
r0

(S1)

where I is the beam current, k is the thermal conductivity, e is the electron charge, ∆E 

is the total energy loss per electron in a sample of thickness t,2 b is the carbon film 

radius, r0 is the beam radius. In our experimental conditions, the accelerate voltage of 

the TEM is 200 keV, the electron beam current density is 60 pA/cm2, I = 9.6 nA, b = 

1.5 mm, r0 = 400 nm, k = 2.683 W/m/K.3 The maximum temperature rise is calculated 

to be 3 K, which is consistent with previous reports.2,4,5 Thus, the temperature rise 

caused by electron beam irradiation in this work can be ignored. 



Fig. S1. The FFT patterns correspond to the HRTEM images of newly formed PbO 

nanoparticle in Fig. 1(b)–(f). 



Fig. S2. EDX spectra obtained from Sm-PMN-PT particle (blue line) before and (red 

line) after electron beam irradiation. The inset images show the observed area. 



Fig. S3. The growth of nanoparticle (marked by blue dot line) separates from Sm-

PMN-PT particle with 5 %mol excess PbO. (a)–(f) The growth process of 

nanoparticle and the FFT patterns in the upper right corner correspond to HRTEM 

images, respectively. (g) The final morphology of the focused area. (h) The enlarged 

area and (i) the corresponding FFT pattern obtained from the area marked white dot 

line in (d). (j) The simulated pattern along [0 1].1



Fig. S4. The growth of nanoparticle (marked by red dot line) separates from Sm-

PMN-0.30PT particle with 15 %mol excess PbO. (a)–(f) The growth process of 

nanoparticle and the FFT patterns in the upper right corner correspond to HRTEM 

images, respectively. (g) The final morphology of the focused area. (h) The enlarged 

area and (i) the corresponding FFT pattern obtained from the area marked with white 

line in (d). (j) The simulated pattern along [0 1]. 1



Fig. S5. (a)–(d) SEM images and the statistical distribution of grain sizes of Sm-

PMN-PT powder samples with normal stoichiometry, 5 mol%, 10 mol% and 15 mol% 

excess PbO, respectively. 



Fig. S6. The morphologies of Sm-PMN-PT powder samples with normal 

stoichiometry, 5 mol%, 10 mol% and 15 mol% excess PbO before and after electron 

beam irradiation. 



Fig. S7. The FFT patterns correspond to PbO nanoparticle 1 in Fig. 5. 



Fig. S8. (a) The indexed crystal planes of Sm-PMN-PT matrix, PbO nanoparticles 1 

and 3. (b) and (d) corresponding FFT patterns of nanoparticles 1 and 3 in (a). (c) and 

(e) simulated patterns along [2 1] based on orthorhombic structured PbO. 3



Fig. S9. The average sizes of PbO nanoparticles formed from four Sm-PMN-PT 

samples with normal stoichiometry, 5 mol%, 10 mol% and 15 mol% excess PbO 

before and after merging.  



Supplementary Movie S1 shows PbO nanodroplets are separating from Sm-PMN-PT 

particle and these nanodroplets are constantly fluctuating in the initial stage of 

electron beam irradiation.

Supplementary Movie S2 shows a PbO nanoparticle and a small PbO nanodroplet 

rapidly merge into a large PbO nanoparticle.
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