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Development of high-efficiency and stable electrochemical materials is necessary for  a sustainable and clean 

energy society.[1] High-performance functional electrocatalysts for oxygen evolution reactions (OER) play 

key roles in many energy conversion and storage technologies, such as rechargeable metal-air battery or for 

the production of hydrogen. [2]–[4]Traditionally, expensive noble-metal-based catalysts restrict the 

deployment and commercialization for sustainable energy devices. [5] Spinel oxides are excellent electric 

conductors and have good stability in alkaline solution under high overpotential, which makes it suitable for 

catalytical reaction. [5] The most commonly used spinel ORE catalysts are iron-based and cobalt-based spinel 

compounds. Cobalt-manganese based spinel oxide nanoparticles exhibit bifunctional properties as oxygen 

evolution/reduction reaction (OER/ORR) catalysts.[6], [7] In this work, we will utilize scanning transmission 

electron microscopy (STEM) imaging and electron energy loss spectrum (EELS) to examine the chemical 

composition and atomic structure of CoxMn3-xO4 nanoparticle made with ionic liquid. The core-shell 

CoxMn3-xO4 nanoparticles were synthesized by one-pot two-step procedure with additional ionic liquid. The 

electron microscopy characterization is acquired by JEOL-JEM ARM200CF equipped with Gatan continuum 

EEL spectrometer. The fine structure of oxygen K edge from nanoparticle shell and core will also be extracted 

and compared. Figure 1 shows high angle annular dark field (HAADF) STEM image with elemental atomic 

percentage maps of oxygen, manganese and cobalt. The atomic percentage line profile of Co, Mn and O are 

extracted from the white arrow. The HAADF image shows the nanoparticles are in round shape and 12 nm in 

diameter. From the elemental mapping, it is clear to see that nanoparticle have core-shell structure. The outer 

shell has high concentration of cobalt. The cobalt-rich shell is about 4 nm thick and has highest cobalt 

concentration of 20%At. An atomic resolution HAADF image of CoxMn3-xO4 nanoparticles is shown in 

Figure 2, the FFTs of selected areas in core and shell are exhibited on the right side of Figure 2. The atomic 

HAADF shows spinel structure on [001] zone axis. There is significant structural difference between core and 

shell region. Based the FFT and atomic image, we found the deficiency of tetrahedral sites of spinel structure 

in the shell region. It is believed that the ionic liquid used during nanoparticles synthesis introduced such 

tetrahedral sites deficiency. The electrochemical performance of core-shell CoxMn3-xO4 nanoparticles will 

be corelated with the structural properties, chemical composition and EELS fine structure analysis. 
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Figure 1. EELS elemental distribution mapping of CoxMn3-xO4 with elemental atomic percentage line profile 

of Co, Mn and O in CoxMn3-xO4-Vo nanoparticles. 
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Figure 2. Atomic resolution HAADF image of CoxMn3-xO4 nanoparticles. The FFTs of core and shell regions 

is shown on the right from corresponding-colored regions. 
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