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Piezoelectric materials are utilized in various applications, including ultrasonic transducers, sensors, actuators, and frequency 
generators. The extrinsic contribution from the domain wall motions plays an essential role in the piezoelectric effect. However, the 
detailed understanding of the domain-wall mechanisms still needs to be improved and expanded, especially for the complex 
coexistence of multiple domains. The in situ high-resolution x-ray diffraction is a powerful technique for probing structural 
information, especially domain structures, of ferroelectrics under external stimuli [1, 2]. The positions of each Bragg reflection are 
related to the lattice vectors of each domain and the orientation of the domain walls can be calculated correspondingly. 

Here, we uncover the influence of domain volume fraction on domain wall motion in PbZr0.52Ti0.48O3 single crystals throughout the 
monoclinic to tetragonal phase transition using high-resolution single-crystal synchrotron x-ray diffraction and mechanical 
compatibility theory. We find that the domain wall orientation strongly influences the three-dimensional diffraction intensity 
distribution, allowing us to trace the domain wall orientation change with temperature. The evolution of the domain walls proves that 
the different domain volume fractions lead to diverse evolutionary behaviors of the domain walls. The domain pairs with a large 
volume fraction form the stable domain wall, while those with a small volume fraction form the susceptible domain wall. Our 
discovery is a step towards a deeper understanding of domain wall motion and offers a promising method to enhance the piezoelectric 
effect by controlling the domain structures and domain volume fractions in piezoelectric crystals. 
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