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Abstract
Hyperthermia is used to combat and reduce the effects of tumors. This study relates to  Co1−xMnxFe2O4 magnetic nanopar-
ticles and their potential in hyperthermia treatment applications.  Co1−xMnxFe2O4 nanoparticles were prepared using the 
high-temperature thermal decomposition method, and the cubic spinel structure with the Fd-3m space group was confirmed 
through X-ray diffraction analysis. The self-heating temperature was measured using a magneTherm device, and the Möss-
bauer spectrum covers six lines of sites A and B. Consequently, the composition, particle size, and frequency conditions of 
magnetic nanoparticles capable of generating self-heating temperatures near the cancer cell death temperature of 42–43 °C 
were established.
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Introduction

At present, among magnetic nanoparticles (MNPs), spinel 
ferrites have received a significant amount of interest in the 
field of nanotechnology owing to their excellent physical 
and chemical properties [1–3]. When an external alternat-
ing magnetic field is applied to MNPs, an exothermic phe-
nomenon occurs due to loss of magnetization reversal, and 
this characteristic is promising in the field of hyperthermia 
treatment [4, 5]. The synthesis of high-temperature thera-
peutic substances suitable for remote therapy that induces 
cancer cell death without adversely affecting normal cells 
is being advanced [6, 7]. When the substances are synthe-
sized, it is significant to prepare MNPs that is controllable 
particle shape, size, and chemical stability. Researchers are 
studying on how to tune the properties of MNPs by adding 
metal-ionic [8]. Among various spinel ferrites, nano-sized 

manganese (II) ferrite and cobalt (II) ferrite have received 
significant attention instead of magnetite  (Fe3O4) because of 
its their higher chemical resistance to oxidation and intrin-
sic magnetic properties. When compared to other nanofer-
rites,  MnFe2O4 is increasing the importance in biomedical 
fields due to improved saturation magnetization.  CoFe2O4 
has high coercivity, magnetic anisotropy, and moderate 
magnetization, making it preferred for magnetic record-
ing storage and stress sensing application fields [9–12]. In 
addition,  Co2+ and  Mn2+ ions combine with (Co, Mn)Fe2O4 
to have inverse spinel structures located in tetrahedral and 
octahedral gaps, respectively structures, and magnetic prop-
erties can be developed by increasing electrical resistance 
[13, 14]. By applying this, the replacement of Mn, which 
has the advantages of easy synthesis, excellent stability, and 
control of magnetic properties, based on cobalt ferrite hav-
ing high saturation magnetization, coercivity, and magnetic 
crystal anisotropy is in progress [15, 16]. As a result, the 
area of the hysteresis curve is widened, and specific power 
loss increases accordingly, showing excellent properties as 
a material for high heat treatment. [17, 18]. In this study, we 
attempted to clarify the exothermic effect of Mn doping by 
systematically analyzing  Co1−xMnxFe2O4 ferrites through 
crystallographic analysis, magnetic properties, positional 
distribution of ions, and valence.
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