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Layered perovskite oxides, have been attracting interest widely due to their rich compositional variety and 

flexible interlayer galleries that facilitates chemical modification. Especially, 2D oxide nanosheets derived 

from the layered perovskites via exfoliation reactions have been at the center of this attention. 2D complex 

oxides display superior electronic, optical, mechanical properties providing a remarkable toolbox for designing 

multifunctional materials with critical thicknesses. Some of the most promising application fields are 

(photo)catalysis, optoelectronics, energy conversion and storage, electrochromic devices, (bio) chemical 

sensing, and nanoelectronics.1–5 

The parent layered compounds are composed of n repeating layers of (2D)-ABO3 slabs separated by 

cations or cationic units with n=∞ corresponding to the cubic perovskite structure. Ease of modification of the 

A and B site cations, ions in the interlayer gallery as well as the number of perovskite layers (n) provide layered 

perovskites and their corresponding nanosheets with great structural diversity and functionality. In particular, 

electronic and photocatalytic properties of nanosheets can be tailored by doping in the A and/or B site  even in 

minute amounts, which provides control on the connectivity/rotation of the octahedron units.6–8 

High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) is a 

remarkably powerful technique for real-space imaging at sub-angstrom resolution with Z-contrast (Z = atomic 

number). The HAADF image intensity is approximately proportional to (Z2) 9 with heavy atoms appearing 

brighter which allows identification of the atomic species through intensity patterns in the image. Additionally, 

by performing electron energy loss spectroscopy (EELS) in combination with the Z-contrast imaging, atomic 

resolution information on chemistry, structure, and electronic properties for complex material systems can be 

obtained.10 Hence, this method provides great path for analysis of chemical and electronic structure of 

materials with single-atom sensitivity.10,11 

Detailed understanding of the atomic structure of the modified structure is needed to correlate the local 

structural changes with physical behavior of materials. However, evaluation of structural properties of 

nanosheets of molecular thicknesses, exact position of the chemical substitutions and defect sites created by 

doping is challenging through conventional techniques. Although there has been effort to investigate the atomic 

structure of 2D oxide nanosheets by STEM analysis 12, detailed investigation on the dopant induced changes 

in 2D oxide structure is still needed. 

In this work, we focus on calcium niobate (KCa2Nan-3NbnO3n+1) and investigate the effect of 

introduction of aliovalent substitution in the Ca2+ sites in structural and electronic properties of the bulk and 

2D nanomaterials. The powders are prepared by solid state or sol-gel synthesis and nanosheets are derived by 

soft chemical exfoliation (Figure 1). The products are analysed by aberration corrected STEM/EELS (TitanTM 

Themis). The effect of dopant concentration on the structural, optical, and photocatalytic properties of the 

perovskite oxides will be discussed. 
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Figure 1. Schematic representation of a) structure of Dion-Jacobson phase layered perovskite oxide, b) 

soft synthesis of 2D sheets from 3D parent material via exfoliation c1-2) HAADF-STEM images of Ru doped 

Ca2Nb3O10 nanosheets 
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