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Renewable energy resources attract immense interest due to the depletion of fossil energy resources as 

well as environmental issues including global warming and abnormal weather. Accordingly, extraction 

of energy from natural sources such as sun light, wind, waves and even animals is not just a promising 

choice but an inevitable solution. These challenges also have been addressed by nanotechnology 

developing the nanogenerator (NG) devices. The NG devices convert vibrational or mechanical energy 

as well as thermal energy into electrical energy using low-dimensional materials such as nanowires 

(NWs), nanotubes, nanobelts and nanoparticles (NPs) [1]. The NG devices act as power sources for 

small-sized integrated electronic components, including biosensors, microelectromechanical (MEMS) 

systems, resonators, and even portable personal electronics. Piezoelectric materials, which can generate 

electrical charges when mechanically deformed, are among the most key components for fabricating 

such energy converting devices. There have been vibrant reports about fabricating the NG devices using 

the piezoelectric nanomaterials including wurzite ZnO, CdS, ZnS, InN and GaN or perovskite PbZrO3, 

BaTiO3 [3]. To elucidate the piezoelectric response from a piezoelectric nanomaterial, Wang and his co-

workers [2] conducted a novel approach via conductive atomic force microscopy (AFM) measuring 

voltages generated from a ZnO nanowire when mechanically deflected by a conductive AFM probe. 

Also, other stress modes such as tensile and compressive stress were induced on a ZnO NW to 

characterize the piezoelectric effects of such nanomaterials. To our knowledge until now, however, there 

are little concerns about the piezoelectric character of the zero-dimensional nanostructure, i.e., 

nanoparticle (NP).  

In this study, we have tried to measure the piezoelectric responses from a single nanoparticle when 

they are mechanically deformed. The experiments were conducted in a transmission electron microscope 

(TEM) with an in-situ TEM stage enabling controlled indentation experiments. The direct piezoelectric 

effect from a BaTiO3 nanoparticle under periodic compressive load was examined. we measured the 

electrical response when a single crystalline nanoparticle was mechanically compressed by a conductive 

indenter. Figure 1 is a typical TEM image which shows a cross-sectional view of the indentation process 

of a BaTiO3 nanoparticle. Controlling the displacements of the conductive diamond indenter, we could 

induce compressive stress to the single nanoparticle placed on the Au film coated Si wedge fixture. The 

mechanical load induced on the particle was measured by a force transducer attached to the indenter. We 

measured the piezoelectric charge from the piezoelectric nanoparticle by the indentation of a BaTiO3. 

From the TEM-indentation results, we calculated the piezoelectric coefficient value (d33) of a single 

BaTiO3 particle. The d33 value of a 100nm size particle is about 800pC/N which is about 6 times larger 

than that of polycrystalline BaTiO3 ceramics [4]. 
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Figure 1. A cross-sectional view of the indentation process of a BaTiO3 nanoparticle. 

 

 

 
Figure 2. Compressive load induced on a BaTiO3 nanoparticle, (b) a cross-sectional view of the indentation process 

of a BaTiO3 nanoparticle. The piezoelectric charge generated at surfaces (red dotted line) was measured. 


