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Abstract: We investigate the local structure of nanoparticlesbased on a manganese-zinc ferrite. Results of Xray powder diffraction (XRD)analyze by Rietveld Refinement and X-ray Pair Diffraction Function
(PDF)measurements are crossed with those of magnetization curves and Near Structure X-ray absorption
spectroscopy(XANES) to study the valence state of Mn ions and thecation distribution at interstitial sites of
nanoparticlestructure. Linear combination fitting of XANES dataclearly indicates the existence of mixed valence
states of Mncations. Thus, it induces nonequilibrium cation distributions in the nanoparticlewith the presence of
a large amount of Mn cations at octahedral sites.The results of Rietveld, PDF and magnetism are in good
agreement and also show an octahedral distortion.
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I.

Introduction

In nanotechnology research, a material that has been very important are so-called ferrofluids, which are
colloidal dispersions of magnetic nanoparticles, with sizes of the order of few nanometers, in a liquid carrier.
These ferrofluids, after adequate surface functionalization, can be dispersed in several biological media, aiming
at the cellular separation, obtaining of magnetic resonance images, to the cancer treatment (inside the tumors) by
magnetic hyperthermia [1,2]. In addition, spinel-type ferrite nanoparticles, in particular Mn-Zn nanoparticles,
represent a group of the most widely used flexible magnets in many technological applications such as
electronics [3]. For example, throttling coils, loudspeaker, recording heads, broadband pulse transformers, etc.
Spinel ferrites with general molecular formula MFe2O4, M being a divalent transition metal, crystallize
in a face-centered cubic lattice (𝐹𝑑3𝑚) that corresponds to a close-packed arrangement of 32 oxygen anions,
with 64 tetrahedral interstices (A sites) and 32 octahedral interstices (B sites). The metallic cations only occupy
1/8 of the A-sites and 1/2 of the B-sites and the crystallographic representation
[M(1−x)2+Fex3+]A[Mx2+Fe(2−x)3+]BO42− is better chosen to clearly express the cation distribution among the
tetrahedral and octahedral sites. In this case x is called inversion degree and is the fraction of A-sites occupied
by Fe3+cations or the fraction on B sites occupy by divalent metals. If x is zero the structure is named normal
spinel as for ZnFe2O4 bulk material and when x equals one it is an inverse spinel like ideal CoFe2O4 structure.
However, in ferrite nanoparticles the spatial confinement at the nanometric scale leads to underlying cubic
lattices that often present non-equilibrium cation distributions[19,20]. In such a context it is necessary to
perform experiments able to enlighten the very local structure of these nanocrystals.
Ferrofluids constituted by Mn-Zn nanoparticles may be good candidates for liquids carrying heat
exchange devices using magnetocaloric energy conversion [4]. In this purpose, we investigate the properties that
give rise to this great variety of possible applications, properties like crystalline structure, the use of specific
ions in the structure can be very important in the magnetism of these nanosystems. The present work deals with
the synthesis of nanoparticles (NPs) type Ferrite Mn-Zn by co-precipitation method and structure of crystalline
characterization using three synchrotron techniques, Powder X-Ray Diffraction (XPD), X-Ray Extraction Edge
(XANES), Pair Diffraction Function (PDF) and Vibration Sample Magnetometer (VSM).

II.

Experimental

2.1 Sample Preparation
The spinel Mn0.9Zn0.1Fe2O4(sample MZ1) nanoparticles (NPs) are synthesized by hydrothermal coprecipitation [5], of initial aqueous solutions mixtures (0.5M) of MnCl2.4H2O, ZnCl2 and FeCl3.6H2O, in a
solution proportion 1(divalent metals):2(iron trivalent). Synthesis does not occur at room temperature and
reagents have to be brought to a boil. In this way, an alkaline solution (NaOH - 0.7M) was heated at 100°C and
the divalent metal solution was heated to 60°C. After reaching these temperatures the addition of the divalent
metal solution to the base solution was done. After the mixture reached the boiling temperature again, the
reaction was continued for another 30 minutes under stirring and boiling. In order to prevent FeCl 3 hydrolysis at
this temperature, acid is added to initial mixtures, showed that the results on the yield of the synthesis are not
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altered by the type of acid used (H2SO4, HNO3, HCl or HClO4) in order to prevent hydrolysis in the initial
mixture, however acid concentration acts also on size and polydispersity. Reagent addition procedure acts on the
particle size, especially the way and the rapidly of reagent mixing. The synthesis report in order to get the great
grains are obtained by pouring theMn(II)Zn(II)-Fe(III) mixture as slowly as possible into base solution under
slow stirring. The nature of the base acts significantly on the size of the ferrites. Thus, the type and the molar
concentration [5] were chosen favoring a higher crystalline growth of the nanoparticles. To perform the addition
of the reagents, a burette with a flow rate of 3 mL/s was used ensuring a slow addition. In addition, to minimize
the oxidation of Mn+2 the solutions were exposed to the N2 gas flow before and throughout the reaction. As a
summary, co-precipitation step performed at 100ºC is then largely influenced by several parameters. Therefore,
particle size and polydispersity depend on the operating mode, on the nature of precipitating base and on the
initial mixture acidity. Control of these parameters allows reproducible results to be obtained nanoparticles with
relatively larger sizes. After the reaction time, the precipitate is washed in water and treated with HNO3 solution
2M to reduce the co- and opposite ion concentrations and to clean the particle surfaces. After, the precipitate is
washed in water and drying. The nanoparticles powders analyzed in this work are obtained after evaporation of
the aqueous liquid.
2.2

Measurements
At last step of the synthesis, the [Fe], [Mn] and [Zn] content in the nanoparticles is investigated at
University of Brasilia – Brazil with a Shimadzu EDX 720HS - Spectroscopy Dispersive X-ray (EDX). The
physical chemical properties of the nanoparticles have been determined by combining Synchrotron X-Ray
Diffraction (XRD), Pair Diffraction Function (PDF) and X-ray Absorption Near Edge Structure (XANES)
measurements. In addition, the magnetic properties were studied with measurements in a Vibrating Sample
Magnetometer (VSM).The sample has a Wyckoff Positions of 𝐹𝑑3𝑚(No.227:2). Then, in this work, we have
obtained a precipitate containing NPs with mean size around24 nm.For XRD,PDFand XANES, the data
processing, optics and the main characteristics of the XDS beamline (W09A-XDS) of the LNLS set up could be
found in a refer [6]. The PDF data were collected in transmission mode at room temperature, with a point
scintillator detector (FMB-Oxford LaBr). The focusing element was a toroidal mirror and the incident beam was
a “bow tie” format. In this configuration, unwanted background arising from external sources and Compton
scattering is minimized. The employed wavelength was 0.6199 Å (~20 keV). The samples were measured in the
3 ranges between 1 and 60; 60 and 120; 120 and 160 with different steps 0.004, 0.006 and 0.008 in 2θ,
respectively, with Qmax= 20.0Å-1. Thediffracted lines are related to the characteristic interplanarspacings of the
structure and compared with bulk standard dataof the International Centre for Diffraction Data (ICDD)
forMnFe2O4 (ICDD no. 01-073-1964), ZnFe2O4 (ICDD no. 98-007-2033),Zn(1−x)MnxFe2O4 (ICDD no. 98-0028512 to -8516).The data were normalized for incoming beam intensity, employing a monitor detector to count a
fixed number of photons for each angle. The XRD data was collected in the same conditions. We measured the
sample MZ1 and the alumina standard (Al2O3; NIST 676) inside 0.15 mm polyimide capillary tubes
(KAPTON®) at the XDS beamline[7]. The samples were mounted inside the capillary tube on a stainless-steel
base fixed with beeswax. They rotate on their own axis, in the direction perpendicular to the beam and the
scintillator. The background was determined by measuring an empty capillary under identical experimental
conditions.XANES spectra are collected in transmission mode, at room temperature, around the Mn K-edge.
Each spectrum corresponds to an average over three independent scans.Magnetization measurements are
performed at UnB at using the model of Vibrating Sample Magnetometer (VSM - PPMS- Physical Property
Measurement System, Quantum Design mod. 6000). Magnetization curve as a function of temperature in the
presence of a field of 50 kOe.
2.2.1

PDF Data processing and analysis
The X-ray diffraction measurements was performed at room temperature over the range in r space
between 1.4 and 30 Å.The intensity data were corrected and normalized using the program PDFgetX2 [8] to
obtain the total scattering structure function, F(Q), and its sine Fourier transform, i.e. the atomic PDF, G(r). This
Python-based software uses a data correction method, where the slowly changing structure-independent signal is
filtered out to obtain X-ray intensities that contain structure information. Corrections performed by PDFgetX2
include, for example, for incoherent Compton scattering, background scattering from the sample container/air,
sample self-absorption, polarization of the X-ray beam, etc. In the Fourier transform of F(Q) to obtain G(r), the
data were truncated at a finite maximum value of the (Q = Q max) momentum transfer. Qmax was optimized so as
to avoid large termination effects and to reasonably minimize the introduced noise level as the signal to noise
ratio decreased with the increased Q value. Here, Qmax = 20.0 Å-1 was found to be optimal. To verify possible
local structural characteristics, especially due to the peculiar cubic shape, PDF analysis was applied. First, PDF
data from the alumina standard (Al2O3; NIST 676) sample were modeled up to 500Å to obtain Qdamp and Qbroad,
which describe experimental resolution effects. The PDF data modeling resulted in Qdamp =0.058 Å-1 and Qbroad=
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0.005 Å-1, which were kept fixed during the subsequent fitting procedures. For the PDF [9] data modeling of the
sample, cell parameters, isotropic atomic displacement parameters, atomic positions, and the parameter delta2
(which accounts for correlated atomic motion effects in PDFgui[10] were refined. We fitted all the structural
parameters, maintaining the symmetry of the compound. We also adjusted the scale factor, the Gaussian
damping factor (Qdamp) and the peak broadening.
2.2.2

XRD Data processing and analysis
Preliminary analyzes were performed using the Williamson-Hall method, to determine the strain size.In
order to make the analyses, Rietveld structure refinement of the XRD data is performed using the GSAS
software package developed by Larson and Von Dreele[11]. It provides a fitting procedure of experimental
results and allows determining here the lattice parameter, the oxygen position, and the cation distribution (x) that
represent the Fe3+ occupation at the tetrahedral site. The structure refinements are made with a peak shape
modeled by a pseudo-Voigt function that includes correction for peak asymmetry and background intensity well
accounted by a Chebyshev polynomial function. The diffractogram was fitted until the convergence for the data,
the best result being selected on the basis of reliability factor of refinement (Rwp) and Goodness of Fit (GOF).
The results of the refinements carried out on this powder are listed in table 2. For the refinement we begin first
with the background factors in which we used Chebyshev function with only 3 terms. In the next step the
following parameters were refined: cationic distribution, occupation oxygenic, lattice parameters, size, and
strain.
2.2.3

XANES Data processing and analysis
XANES spectra are collected in transmission mode, at room temperature, at the LNLS W09A-XDS
beamline [6] around the Mn K-edge. The spectrum corresponds to an average over three independent scans. The
spectra are calibrated in energy by measurements of transmission spectra of Mn foils. The energies E0 was
defined like the maximum of the first derivation at the absorption edge of these reference sample is6552 eV
[12]. Background removal is performed by means of the AUTOBK algorithm.In the absence of the bulk
material, the oxides (Mn2O3, MnO2,Mn3O4) were used to adjust the experimental data. Thus, in this form the
data directly reflect the average local environment around the absorbing atoms.
2.2.4

Magnetic Data processing and analysis
Magnetization measurementsare performed at UnB (Physics Institute) using the vibrating sample
magnetometer (VSM; PPMS, QuantumDesign model 6000).Magnetization curves are obtained as a function of
the applied field (up to 9000 kA/m), between 5 K after a zero-field-cooling (ZFC) procedure and at 300 K.The
signals of magnetization were normalized by the sample mass and multiple by the density of the nanoparticle.
The water signal was subtracted. Thus, with the obtained signals for the magnetic hysteresis and the coercivity
field versus temperature was analyzed to take the value of saturation magnetization and the Block temperature,
respectively.

III.

Results

Energy Dispersive X-ray (EDX) spectroscopy was used to determine a chemical composition of the
sample. The Fig. 1 show the results of EDX plotted at a relative frequency scale. The value obtained for a
fraction of divalent metals, EDX = 0.34, that is a percentage of Zinc and Manganese metals divided by a total
quantity of metals, is close to the standard value for an ideal ferrite, that is 0.33.Table 1 shows the percentage
values of the metal type obtained from EDX. The second plot of the Fig. 1 present broadening of the Full Width
at Half Maximum (FWHM), β, of the X-ray diffracted peaks with the increasing of 2 scattering angle. We can
see the difference between the Bragg peaks (111), (311), (400) and (440). Thus, this is associated to the strain
and the quantitative analyses was obtained using the Williamson-Hall method (W-H) [13].Strain-induced
broadening arising from crystal imperfections and distortion are related by ε ≈ β/tan. This method allows a
separation of reflection broadening and the strain. The third plot of the Fig. 1 shows the W-H analyses for the
MZ1 sample and the Alumina standard sample. The slope of the plotted lines means the strain of the samples.
The Alumina sample present a very lower value of the strain, 3.10 -4[14] and was used to subtract an
instrumental error (βinstrumental). The W-H equation is:
𝜆
(1)
𝛽𝑐𝑜𝑠𝜃 = 𝑊−𝐻 + 4𝑆𝑠𝑖𝑛𝜃
𝐷𝑅𝑋
𝑊−𝐻
where S is the Strain, 𝐷𝑅𝑋
is the diameter and𝛽 = 𝛽𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝛽𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡𝑎𝑙 . The Table 1 summarize the
results to W-H analyses and the value of the strain (𝜀) is a typical to ferrite nanoparticles [19].
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Figure 1. Elemental analysis of sample MZ1: performed by EDX; plot normalize intensity of X-ray diffraction
by relative position; and the Williamson-Hall methodplot.
Table1
𝑊−𝐻
EDX=[M]/([M]+[Fe]) beingM= Mn and Zn; in the analysis of Williamson-Hall 𝐷𝑅𝑋
is the diameterand  is
Strain;
% Mn
29.78

% Zn
3.82

% Fe
65.30

EDX
0.34

D W-H (nm)
23.19


1.19 x10-3

Fig. 2 show the X-ray diffraction pattern after the Rietveld refinement of MZ1 data. The Miller’s
indices were shown for thirty-one peaks. The blue circle symbols are the experimental data, the red solid line
represent the fit and the green solid line are the difference between the experimental and fit line. The last show a
good quality of fit and could be represented by the values of GOF (2) and Rwp. Table 2 summarize the results
of the Rietveld Refinement analyses for our sample. The values obtained for the cell parameter, oxygen position
and for the quality of fit: GOF and reliability factor are showing and are below theacceptable limits seen in the
literature [15]. The Rietveld refinement results show that the nanoparticle structure is spinel as was predict.

Figure 2: X ray diffractogram of the MZ1 sample showing the experimental points (o), the adjust done by the
GSAS program (solid line) and right above the difference between the experimental points and the adjust done
by the refinement.

DOI: 10.9790/4861-1103013644

www.iosrjournals.org

39 | Page

Evidence of structural distortions in mixed Mn-Znferrite

Figure 3.Pair Diffraction Function (PDF) Refinement of the MZ1 sample data with the𝐹𝑑3𝑚(SG. 227:
2) group space(red solid line)at 300 K. The blue symbols are the experimental data. The green solid line
represents the difference between the experimental and the refinement. The insert show three first layers of
coordination. The peak position is marked by a vertical dotted line.
The Fig. 3 show the radial distribution function, G(r), obtained from the diffraction data by Fourier
transforming the normalized total structure factor S(Q) with Q=4(sin)/. S(Q) is the measured intensity
corrected for background, Compton and multiple scattering, absorption, geometric an others factor. The inset in
Figure 3 shows the enlargement of the region until 6 Å where 4 points are highlighted. In order the position
@1around 1.90Å is physically understood like the distance between the oxygen atoms and the centered metal
ions of the A site (M(A)-O). The position @2around 2.10 Å represent the distance between the oxygen atoms
and the centered metal ions of the B site (M(B)-O), @3 (M(B)-M(B)) and @4 (M(A)-M(B)) one arises from the
scattering by the second coordination shell and the distances around 3.0 Å and 3.5 Å represent the near-neighbor
metal-metal ions in the octahedral site and A-B sites, respectively, and the Table 2 summarize these values. The
values of the structural parameters obtained for PDF analysis, lattice parameters (a) and oxygen coordinates (u),
are in reasonably good agreement with those determinates from the Rietveld, see Table 2.
Table2
Rietveld and PDF refined results
Rietveld
PDF

a
(Å)
8.43(8)
8.43(4)

u
0.255(2)
0.255(1)

M(A)-O
(Å)
1.90(6)
1.91(1)

M(B)-O
(Å)
2.06(5)
2.10(1)

M(B)-M(B)
(Å)
2.98(3)
2.99(0)

M(A)-M(B)
(Å)
3.48(1)
3.50(1)

x



Rwp

0.78(1)
0.79(1)

2.81
2.08

0.094
0.179

Fig. 4 show the Mn K – edge XANES spectra collected at room temperature and in the same conditions
for the oxides. The energy edge deduced from the spectra shows, as expected, that the average valence of Mn
ions in the synthesized nanoparticles samples is vary between +2 and +4 but the mean value is +3.
To determine the valence state of the MZ1nanoparticles was analyzed the XANES of the oxides
Mn3O4, Mn2O3, MnO2by applying the Linear Combination Fitting (LCF) method to the spectra of MZ1
nanoparticles sample. In such calculations, the XANES spectrum of the nanoparticles is analyzed considering a
linear combination of XANES spectra obtained from oxides samples. The quality of the fit corresponds to low R
factors (< 1 %) and the result point out tothe proportions, 26% of MnO2 and 18% of Mn2O3 and 57% of Mn3O4.
The oxidation of Mn in these oxides is known like +4, +3 and a mix of +2 and +3 respectively. The oxidation of
the oxide Mn3O4 has the proportion known like 33% of +2 and 67%[16]of +3 leading a 56% of Mn3+. Such
result means thatthere is more Mn3+ than others valences states in the MZ1 sample resulting in an average Mn
oxidation equal +3.1.
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Figure 4. Experimental XANES spectra of the MZ1 sample (open circles) fitted (red full line) using a LCF of
experimental XANES spectra of MnO2, Mn2O3 and Mn3O4 oxides. Residual is also shown as the lowest trace
(pink full line).
Table3
Analyze using Bloch's law (†); and by analysis using Kneller's law (§).
†

M0 (kA/m)
411

†

B
7.76x10-5



†

1.5

§

TB (K)
302.93

§

Ms (kA/m)
411.5

§

K (J/m3)
1.8x104

The Fig.5 shows a typical magnetization result obtained for MZ1sample. The value of saturation
magnetization Mswas measured at 5K and 300Kat maximum field (9000kA/m). To determine the value of
experimental saturation magnetization (see Table 3) we set using Bloch's law T3/2[17]and find Ms value around
411 kA/m and a value of coefficient typical of 1.5 for bulk systems. This coefficient is size dependent and
independent of the structure. To adjust the fitted curve, we set free this coefficient and find the same value. Set
the temperature scale like log natural the linear behavior was observed for MZ1 sample of Bloch’s Law
(𝑀𝑆 = 𝑀0 1 − 𝐵𝑇 𝛼 ), where M0is the magnetization at 0K, B is the Bloch constant, is an adjustable
parameter. This show a good agreement with the Bloch theory analyses.Using Kneller's Law [18],
2𝐾
𝐻𝑐 = 0.48
1−
𝜇0𝑀𝑠

𝑇
𝑇𝐵

1
2

(2)

where𝜇0 = 4𝜋10−7 Tm/A, 𝑇𝐵 is the block temperature, K is the anisotropy constant, we analyze the
behavior of the curve coercivity field Hc vs temperature T and determine the Block temperature of this system
with the value equal 302 K. The middle figure of Fig. 4 shows the decreasing behavior of remanence
magnetization Mr as a function of temperature, with a higher decay up to the temperature 50K.Table 3
summarize the results of the analyze using Bloch's law and Kneller's law.
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Figure 5. Hysteresis loops of MZ1 at 5K and 300K; Adjust using Kneller's law (Hc vs T) and Bloch's Law.

IV.

Discussion

In the MZ1 sample using Williamson-Hall analyzes, we see an increase in the βcosθ error of the peak
(440) explained by the difficulty in determining the position and the width of the peak, since many of these
peaks overlap. The same observation could be observing at the Bragg peak (222), which is very close to that of
(311). Thus, we need to choose the peaks carefully to avoid overlapping peaks. This problem occurs in
nanomaterials because the peaks are very large when compared to the bulk material. For example, the alumina
sample shows no increase in error. The tensile effect is evident in the middle of Fig. 1 with increasing peaks
which show a distortion of the network parameter in the nanoparticles.The XRD pattern shows good sample
crystallinity as evidenced by the Rietveld Refinement up to the index peak (666) and a cubic packaging 𝐹𝑑3𝑚.
Table 2 presents the fraction of Fe+3ions at sites A with x ~ 0.78 and should be analyzed from the
crystallographic formula of spinel-type ferrite. The cationic distribution determined by the techniques of this
work shows good accuracy in the distribution between the sites, with ~ 7% of the zinc ions, ~ 15% of the
manganese ions and ~ 78% of the iron ions being in the tetrahedral site. Thus, the cationic distribution for the
refinement of the PDF is [Mn0.14Zn0.07Fe0.79]A[Mn0.76Zn0.04Fe1.22]BO4.47 and for the refinement of Rietveld
[Mn0.15Zn0.07Fe0.78]A[Mn0.75Zn0.04Fe1.23] B O4.47. In previous studies [19, 20] we have seen that in zinc ferrites we
had 64% occupancy at site A and in manganese ferrites we had 33% of Mn at site A. In the case of manganese
ions, their occupation may be strongly associated with the valence state of the ions and the finite particle size
[20]. The choice on δ, the oxidation parameter, was for to describe only one non-stoichiometric MnZnFe2O4+δ
structural phase to take into account chemical titrations and electroneutrality[21]. The extra electronegative
charge that appears per unit of formula exactly compensates for the positive charges coming from the oxidation
of Mn ions, leading to δ = 0.47. This approach also corresponds to the following chemical formula,
Mn0.8Zn0.10Fe1.8O4, and produces vacancies with Fe and divalent cations in the proportion of 1: 2, distributed
randomly at both interstitial sites by the adaptation procedure.
We see a good agreement with the diameter determined with the Williamson Hall method (23.19 nm)
and with these refined by Rietveld (24.4 nm) and PDF (25.0 nm). The values of the position of the oxygen ion in
both spinel phases are not exactly those corresponding to a perfect compact cubic packaging since they differ
from the expected value 0.25 in the spatial group (No. 227: 2). The value found by the theoretical calculation
performed in the rigid sphere model does not take into account the filling of the interstitial sites by metallic
cations that can induce a slight distortion in the positions of the oxygen ions. In this work the position of the
oxygen values, u= 0.255, refined by Rietveld and PDF method are in good agreement with the expected like
have seen in the literature [19] for ferrite nanoparticles. For the refinements made, the amplitude average square
of the atomic vibration in the equilibrium position (Uiso) was determined in both techniques and present a good
agreement for the value found, 0.009 / 0.007 Å2 for metal ions at sites A, 0.010 / 0.012 Å2 for metal ions at sites
B and 0.039 / 0.029 Å2 for oxygen ions respectively for Rietveld / PDF.
The results of the PDF show that there is a marked difference between the adjusted and experimental
position @2, 2.10 Å and 2.20 Å, respectively. This discrepancy did not see for the other distances. Thus, this
could indicate that a distortion in the octahedral sites made the distance in that direction longer than expected
and the refinement cannot adjust this type of deformation that occurs in a direction of the octahedron site.In the
LCF of the XANES spectra we observed that the oxidation state of the manganese ion is ~ +3. The XANES
spectrum has a shoulder around 6552 eV, which is a characteristic related to a distortion of the MnO 6
octahedron. Other studies [22, 23], on manganese-based ferrite nanoparticles obtained by coprecipitation
synthesis, present this shoulder related to the Jahn-Teller effect. Our sample has a majority proportion of Mn3+
(55%) and the XRD Rietveld Refinement and PDF analyzes show that B sites are predominantly occupied by
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Mn ions. These shoulderassociated results seen in the XANES LCF around 6552 eV are good evidence that
there is a Jahn-Teller effect in our sample.In the spinel-type ferrites, the metal cations located at sites A and B
occupy the nodes of two spins subnets and the interaction of superexchange between them favors the antiparallel
alignment of the spins. However, as described earlier there is a difference between the number of sites A and B
and the way they are occupied, so this general behavior is described as ferrimagnetic. Then, if the distribution of
metal cations within the A and B sites and the magnetic moment of each ion are known, the ferrite saturation
magnetization at T = 0 K writes:
𝑀𝑆 = 𝑁𝑑/𝑀𝑀

𝐵

𝑛𝐵,𝐵 −

𝐴

𝑛𝐵,𝐴 𝜇𝐵

(3)

where 𝑛𝐵,𝑖 is the number of Böhr magnetons , 𝜇𝐵 , associated with the i site of the unit cell, 𝑀𝑀 is the
molar mass of ferrite, d its density, and N is Avogadro’s number. The summation extends over the A and B sites
of the unit cell. In nanocrystals based on spinel ferrites, cation redistribution can modify significantly the
properties of saturation magnetization when compared to bulk material. Thus, it would be theoretically possible
to deduce the Ms if we have the inversion degree x from the value of PDF and the average number of oxidation
of the Mn ions from XANES LCF. We therefore performed magnetization measurements at low temperature (5
K) in order to compare the MS experimental and deduced from the equation (3). The deduced Ms=
571.7kA/mvalue was found using x=0.78 from Table 2, average oxidation number of Mn equal to 3.1 and
volume fraction of the investigated nanoparticle. When compare these large and unexpectedMsdeduced and
experimental Msvalue, the great difference could be associated with the reasons that the equation (3) does not
take into account like the fact that the spin disorder on the surface of the nanoparticles [24]. This lack of
alignment of the surface turns even in high fields, leading to a decrease in total magnetization. Another fact is
the spin canting [25] that happens when the magnetic contribution of site A is very small in comparison to site
B. This generates an increase of the B-B sites interaction in detriment of the decrease of the magnetic A-B sites
interaction, causing a change in the magnetic structure [26]. In addition, the large difference between the values
of Ms deduced and experimental may be related to a structural distortion, the Jahn Teller effect. This distortion
caused at the B site can generate a drastic decrease in saturation magnetization. This distortion may be the main
reason for the large difference in Ms.

V.

Conclusion

The synthesis by the hydrothermal co-precipitation method presents a favorable technique to obtain the
Mn-Zn ferrite with high crystallinity and nanostructured. A production was achieved in 100% of a cubic spinel
phase and a single crystalline phase as evidenced by XRD Rietveld Refinement. The inversion degree was found
~ 0.8 for the XRD Rietveld Refinement and PDF showing a good agreement between the techniques. The mean
diameter was found around 24 nm by Williamson-Hall analyses, Rietveld Refinement and PDF analyses. The
atomic distance between the cation-oxygen in the B-site is longer for observed data than the adjust by PDF
analyses pointing out a distortion of B-site.This difference was not found at other distances. In the LCF of the
XANES spectra we observed that the oxidation state of the manganese ion is ~ +3.Near 6552 eV there is an
evident shoulder in the XANES spectrum associated with the distortion of the octahedron MnO 6.The theoretical
saturation magnetization is greater than experimental suggesting that there is a distortion in the magnetic
structure. Therefore, there are many evidences about Jahn Teller effect in our sample. In the future, this effect
and the cationic distribution of Mn atoms and their oxidation states can be more enlightenedbyDiffraction
Anomalous Fine Structure (DAFS) and X-ray Photoelectron Spectroscopy (XPS) studies.
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