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XPS characterization of PbZrO3:NiO nanocomposites

XPS method has been used to confirm the exact compositon ratios. The Ni 2p 

have been used to calculate the ratio of the NiO. The results show that the deposition 

time has to be conformity with the volume ratio of NiO.
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Figure S1. (a) Ni 2p3/2 spectra for the pure NiO films, P-1, P-3, P-5 nanocolunar 

composites. (b) NiO composite ratio versus the deposition time and the XPS data.

HAADF images of PbZrO3:NiO nanocomposite films

From the interfacial region, we achieve the average diameter of NiO nanocolumnar is 

around 2~7 nm within the PZO matrix for the nanocomposite film. From the Figure 

S3, it is clear that the average diameter of NiO and the number of the NiO 

nanocolunnars increases with the addition of NiO.

Figure S2. (a)-(c) The Low-magnification HAADF images of the P-1 and P-4 nan-

ocolumns, respectively. (d) High-resolution image of a single NiO nanocolumnar 

within the PZO matrix for the corresponding nanocolumn composites.



 

Figure S3. (a)-(f) STEM-EDS line scans for Pb, Zr and Ni atom in the interfacial 

region around the NiO nanocolomnar (the black, red and blue dot reprents Ni atom, 

Pb atom and Zr atom, respectively.) for the P-1, P-2, P-3, P-4, P-5 and P-6 PZO:NiO 

nanocolumn composites, respectively.

Leakage current density for PbZrO3:NiO nanocomposites

The leakage current conduction for these samples have been shown in Figure S4. 

Figure S4 shows leakage current density of the PZO:NiO nanocomposites as a 

function of increasing NiO ratio. The lowest leakage current density capacitor of the 

pure PZO thin film is about 9.5 × 10-3 A/cm2 and breakdown occurred at ∼550 kV/cm. 

The addition of NiO can decrease the leakage current density. However, when NiO 

ratio increases beyond 5%, PZO:NiO nanocomposits capacitor can lead to higher 

leakage current density.



Figure S4. (a) The leakage current density of the PZO:NiO nanocomposites with 

verious NiO ratios.
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