
Accepted Manuscript

Chemical Disorder Reinforces Magnetic Order in Ludwigite (Ni,Mn)3BO5 with
Mn4+ Inclusion

Svetlana Sofronova, Evgeniya Moshkina, Ilya Nazarenko, Alexey Veligzhanin,
Maxim Molokeev, Evgeniy Eremin, Leonard Bezmaternykh

PII: S0304-8853(17)33830-1
DOI: https://doi.org/10.1016/j.jmmm.2018.05.068
Reference: MAGMA 63980

To appear in: Journal of Magnetism and Magnetic Materials

Received Date: 10 December 2017
Revised Date: 15 April 2018
Accepted Date: 23 May 2018

Please cite this article as: S. Sofronova, E. Moshkina, I. Nazarenko, A. Veligzhanin, M. Molokeev, E. Eremin, L.
Bezmaternykh, Chemical Disorder Reinforces Magnetic Order in Ludwigite (Ni,Mn)3BO5 with Mn4+ Inclusion,
Journal of Magnetism and Magnetic Materials (2018), doi: https://doi.org/10.1016/j.jmmm.2018.05.068

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.2018.05.068
https://doi.org/10.1016/j.jmmm.2018.05.068


  

Chemical Disorder Reinforces 
Magnetic Order in Ludwigite 
(Ni,Mn)3BO5 with Mn

4+
 Inclusion 

Svetlana Sofronova a , Evgeniya Moshkina a,b, Ilya Nazarenko a, Alexey Veligzhanin c, Maxim Molokeev d, 

Evgeniy Eremin a,d, Leonard Bezmaternykh a 

 
a L.V. Kirensky Institute of Physics SB RAS, 660036 Krasnoyarsk, Russia 
b Siberian State Aerospace University named after Academician M.F. Reshetnev, 660037 Krasnoyarsk, 
Russia 
c National Research Centre “Kurchatov Institute”, 123182 Moscow, Russia 
d Siberian Federal University, 660041 Krasnoyarsk, Russia 
 

Abstract 
Crystals of ludwigite Ni2.14Mn0.86BO5 were synthesized by flux growth technique. We show in the paper 

that it contains Mn3+ and Mn4+. A possible mechanism of the manganese valence states stabilization has 

been proposed. The structural and magnetic characterization of the synthesized samples has been 

carried out in detail. The cations composition and Mn valence states of the crystal were determined 

using X-ray diffraction and EXAFS technique.  The comparative analysis was carried out between the 

studied crystal and Ni2MnBO5 synthesized previously. Magnetic susceptibility measurements were 

carried out. The magnetic transition in the studied composition occurs at the 100 K that is higher than in 

Ni2MnBO5 although the studied composition is more disordered. The calculations of the exchange 

integrals in the frameworks of indirect coupling model revealed strong antiferromagnetic interactions. 

The several magnetic subsystems existence hypothesis was supposed. The possible magnetic structure 

was suggested from the energies estimation for different ordering variants. 
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Introduction 
Oxiborates Ni3-x MnxBO5 belong to the family of ludwigites [1]. The peculiarity of these compounds is the 

presence of quasi-low-dimensional elements in the structure - three-legged ladders, as well as triangular 

groups, which in some cases leads to very interesting physical properties. In addition to this, there are 

different valence metal ions in the structure; they can be di- and tri- [2, 3], as well as di- and tetravalent 

ions [4, 5, 6]. 

There are monometallic ludwigites: Fe3BO5 and Co3BO5, in which Fe (Co) ions are represented in the di- 

and trivalent state. Both compounds exhibit interesting physical properties. 

In Fe3BO5 at high temperatures, the Fe3+ ions with spin 5/2, are localized in one of the two 3LL (3-legged 

ladder) formed by Fe3+-Fe2+-Fe3+ ions, and one additional electron is smeared out between three ions. 

With increasing temperature, this additional electron is localized in one of the pairs, as a result, a dimer 

is formed, and a structural phase transition occurs with an increase in the crystalline cell by the factor of 

two. In addition, a singularity is also observed on the magnetization curves. Magnetic ordering occurs at 

lower temperatures in two stages: at 112 K and 74 K, while the two subsystems are ordered mutually 

orthogonally. [3] 

In Co3BO5, charge ordering arises immediately at high temperatures, and unlike iron ludwigite, magnetic 

ordering occurs in one stage at 42 K. However, the Co3+ ion is in the low-spin state, and its spin is zero. 
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