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Abstract 

Cobalt chromite is a potential multiferroic material. Nanoparticles were prepared 

by hydrothermal method. Cobalt and chromium oleates were used for the preparation. They 

were dissolved in the system water-ethanol and treated at 200 °C. As prepared product was 

amorphous. Then, precipitate was heat treated in a furnace at different temperatures up 

to 500 °C. The resulting samples were characterized X-Ray Diffraction, TEM and magnetic 

measurement. The sample heat treated at 300 °C was already crystalline. The mean particles 

size determined by Scherrer equation was 10 nm. This is in agreement with the TEM 

observation. 
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The multiferroic CoCr2O4 with no orbital degrees of freedom shows tiny deviations 

from cubic structure, even in its ground state. It orders ferrimagnetically below the Curie 

temperature, Tc =94 K, and an additional order-to-order magnetic phase transition to spiral 

magnetic phase occurs at Ts = 27 K. Magnetocapacitive measurements show that 

the dielectric constant of CoCr2O4 couples to the spiral magnetic order parameter, but is 

insensitive to the ferrimagnetic spin component. In our work, we address size effect magnetic 

properties of CoCr2O4 nanoparticles.  

The nanoparticles (NPs) of cobalt chromite (CoCr2O4) were synthesized by hydrothermal 

method, and subsequently annealed from 300 °C to 500°C. The crystal structure and particle 

size distribution of the NPs were investigated by powder Xray diffraction (XRD), dynamic 

light scattering (DLS) and transmission electron microscopy (TEM). The particle size was 

found to be about 5-20 nm for the samples annealed from 300 °C to 500 °C according 

to the TEM image. The TEM image also showed the particles were synthesized nearly 

spherical crystal shape.  

Magnetization vs. temperature measurements revealed a transition from paramagnetic 

to superparamagnetic (SPM) state in contrast with the transition from paramagnetic to long 

range ferrimagnetic state reported in bulk samples. The zero-field cooled (ZFC) and field-



cooled (FC) curves show glassy-like behaviour with furcation temperature, Tf = 38 K. 

The hysteresis loops exhibit a moderate hysteresis (μ0·Hc ~ 0.4 T) and no trend to saturation up 

to 7T, in contrast to the bulk sample. The typical features of the CoCr2O4 magnetic order are 

suppressed in the nanoparticles, resulting in a (super)spin-glass like state. 
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Abstract 

The CoCr2O4 nanoparticles (NPs) were prepared by hydrothermal treatment of chromium and 

cobalt oleates in a mixture of solvents composed of water, ethanol or pentanol at various 

temperatures. Samples, which were prepared by hydrothermal treatment at 200 °C, were 

amorphous. Therefore these samples were subsequently annealed on air at temperatures 

from 300 °C to 500 °C. The aim of the work is to prepare the well isolated uniform 

nanoparticles, and to address size effect in magnetic properties of the CoCr2O4 nanoparticles 

of various sizes. 

The obtained NPs were characterized by X-ray diffraction (XRD), transmission electron 

microscopy (TEM), scanning electron microscopy (SEM), Raman and infrared spectroscopy 



(FTIR), dynamic light scattering (DLS) and magnetic measurements. The particle size 

distribution was investigated by XRD and TEM. 

The XRD vibration spectroscopy experiments confirmed that the samples are composed 

of single phase CoCr2O4. According to the TEM images, the NPs size was found to be 

in the range of 2-20 nm, depending on the annealing temperature. The TEM images also 

showed that the particles had the tendency to form the aggregates during the annealing. 

The particles, which were prepared by hydrothermal treatment at temperature higher than 200 

°C, have nearly spherical shape. 

Magnetization vs. temperature measurements revealed the transition from paramagnetic 

to superparamagnetic (SPM) state in contrast with the transition from paramagnetic to long 

range ferrimagnetic state reported in bulk samples. The hysteresis loops exhibits a moderate 

hysteresis (µ0·Hc ~ 0.4 T) and no trend to saturation up to 7 T. The zero-field cooled (ZFC) 

and field cooled (FC) curves show glassy-like behaviour. The typical features of the magnetic 

order of cobalt chromite are suppressed in the nanoparticles, resulting in a (super)spin-glass 

like state. 
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