
Accepted Manuscript

Exchange-coupling of hard and soft magnetic sublattices and magnetic anoma-
lies in mixed spinel NiFe0.75Cr1.25O4 nanoparticles

I.S. Lyubutin, S.S. Starchikov, A.O. Baskakov, N.E. Gervits, Chun-Rong Lin,
Yaw-Teng Tseng, Wen-Jen Lee, Kun-Yauh Shih

PII: S0304-8853(17)32578-7
DOI: https://doi.org/10.1016/j.jmmm.2017.11.067
Reference: MAGMA 63407

To appear in: Journal of Magnetism and Magnetic Materials

Received Date: 17 August 2017
Revised Date: 15 October 2017
Accepted Date: 16 November 2017

Please cite this article as: I.S. Lyubutin, S.S. Starchikov, A.O. Baskakov, N.E. Gervits, C-R. Lin, Y-T. Tseng, W-
J. Lee, K-Y. Shih, Exchange-coupling of hard and soft magnetic sublattices and magnetic anomalies in mixed spinel
NiFe0.75Cr1.25O4 nanoparticles, Journal of Magnetism and Magnetic Materials (2017), doi: https://doi.org/10.1016/
j.jmmm.2017.11.067

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jmmm.2017.11.067
https://doi.org/10.1016/j.jmmm.2017.11.067
https://doi.org/10.1016/j.jmmm.2017.11.067


  

1 

 

Exchange-coupling of hard and soft magnetic sublattices and magnetic 

anomalies in mixed spinel NiFe0.75Cr1.25O4 nanoparticles  

 
I.S. Lyubutin1, S.S. Starchikov1*), A.O. Baskakov1, N.E.Gervits1, Chun-Rong Lin2*), Yaw-Teng 
Tseng2, Wen-Jen Lee2  and Kun-Yauh Shih3  

  

1
Shubnikov Institute of Crystallography of FSRC “Crystallography and Photonics” RAS, Moscow 

119333, Russia 
2
Department of Applied Physics, National Pingtung University, Pingtung County 90003, Taiwan  

3
Department of Applied Chemistry, National Pingtung University, Pingtung County 90003, Taiwan 

 
*) Corresponding authors: Dr.  S.S. Starchikov 
Shubnikov Institute of Crystallography of FSRC “Crystallography and Photonics” RAS,  
Moscow 119333, Russia 
E-mail: sergey.s.starchikov@gmail.com 
 
*) Prof. Chun-Rong Lin 
Department of Applied Physics, National Pintung University, Taiwan 
E-mail:  crlinspin@gmail.com  

 

Abstract 

 
A set of single-crystalline nanoparticles (NPs) of nickel-chromium ferrite NiFe0.75Cr1.25O4 with a cubic spinel 

structure were synthesized and investigated. The NPs size can be varied from about 5 to 50 nm by the final annealing of 
the precursor at different temperatures. The distribution of cations over the tetrahedral (A) and the octahedral [B] sites 
(Fe0.75 Ni0.25) [Ni0.75 Cr1.25] O4 was established from the magnetic and Mössbauer measurements. In large NPs, the 
magnetic structure at low temperatures is close to the collinear antiferromagnetic (AFM) structure of the Neel type; and 
the total magnetic moment Mtot of the ferrite coincides with the direction of the B-sublattice moment. Several size-
dependent magnetic anomalies were revealed. Three types of magnetic ions present in the A- and B- sublattices cause 
the competition of AFM and FM exchange interactions resulting in the highly frustrated magnetic ordering and the 
occurrence of canted magnetic structure in the octahedral B-sublattice. The frustrated structure is very flexible and 
significantly subjected to temperature and applied field. It results in several magnetic anomalies observed, including the 
occurrence of magnetic compensation, abnormal behavior of ZFC and FC magnetization curves and hysteresis loops. It 
was shown that magnetic anomalies can be explained in terms of exchange coupling of “soft” and “hard” magnetic B- 
and A-sublattices. This effect in the (Fe0.75 Ni0.25) [Ni0.75Cr1.25] O4 NPs can be considered as an atomic-scale analog of a 
similar effect observed in two-phase exchange-coupled alloys developed for permanent magnets and for the 
perpendicular recoding media. 
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1. Introduction 

The perspective of magnetic materials with the spinel type crystal structure originates from their  
structural, magnetic and electronic features modifiable by introducing different metal ions into the 
local crystal sites  [1,2]. Possibility of tuning of magnetic properties, easy and cheap production, 
make them widely used in electronic devices, for magnetic record, ferro-liquids, biosensors and 
other applications [3]. For binary spinels with cubic space group Fd3m , the general formula is 
(N2+

1-x M3+
x) [N2+

x M3+
2-x] O4. Round and square brackets denote tetrahedral and octahedral 

positions, respectively, and x is a parameter of inversion. When x = 0, all bivalent ions are located 
on tetrahedral sites and such spinel is called “normal”. If x = 1, half of the trivalent ions are in 
tetrahedral sites, while all bivalent and other trivalent ions are in octahedral sites, and this spinel is 
called “inverse”. 
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