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Spinel compounds Li0.5xZn0.6�xMn0.4Fe2+0.5xO4 (x = 0.0; 0.1; 0.2; 0.4) were produced by the self- 
combustion sol–gel method. The obtained powders were calcined at 1000 �C for 2 h in Ar atmosphere .
The structural and microstructural characteristics of the resulting samples were studied by magnetiza- 
tion measurements, Mössbauer spectroscopy and X-ray powder diffraction in combination with the 
Rietveld method. Based on magnetization results, a cation distribution model is proposed which is tested 
with Rietveld refinements and supported by Mössbauer results. The observed increase in saturation 
magnetization wit h Li content in the structure is explained by an unusual distribution of Zn2+ ions in
octahedral sites.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction 

It has been proved by many authors that the crystalline struc- 
ture and physical properties of spinel ferrites are as strongly 
dependent on the preparati on method and on the thermal treat- 
ment as they are on the doping element – if any [1].

Spinels crystallize in an fcc cubic structure containing tetrahe- 
dral (A) and octahedral (B) sites.

Though structurally simple, these materials can be composi- 
tionally complex. These compounds have the general formula 
(Me1�dFed) [Me dFe2�d], where Fe is in its trivalent state, ‘‘Me’’ rep- 
resents a divalent metal element or any divalent combinati on of
them, the parenthesis contain the cations in A sites and the square 
brackets the ones in B sites, and d is the so-called degree of inver- 
sion (defined as the fraction of tetrahedral sites occupied by Fe3+

ions). Not all the available sites are occupied by cations and the 
proportion of tetrahedr al to octahedral occupied sites is 1:2. Since 
ions in different sites are antiferromagneti cally ordered, the resul- 
tant magnetis m observed in ferrites is due to the unbalanc ed mag- 
netizations of sublattic es A and B [2].

The physical propertie s in general – and the magnetic behav- 
ior in particular – of a certain ferrite are determined by its 
microstructur e. It is the distribution of a given element between 
both cation sites (which itself depends on cation size, valence,
bond strength, temperature and pressure) that affects the 
physical properties. Mn–Zn ferrites have a mixed spinel struc- 
ture. After the incorporation of new elements, the structura l
and magnetic environments of the two sites (A and B), can be
quite different. Since the cationic distribution among the lattice 
sites is strongly dependent on the material’s preparation [3–5],
it is important to determine the cation sites occupanc ies as well 
as the structural paramete rs in order to control the material’s 
performanc e.

A reliable method for such determination is the Rietveld analy- 
sis of X-ray powder diffraction patterns [6]. Different authors re- 
port the use of this analysis for obtaining information about the 
cationic distribution within the crystalline lattice [6–11].

Many studies have been develope d on the magnetic, struc- 
tural and morphologic properties in Mn–Zn ferrites mainly 
because of their novel applications in nanotechno logy [9–15].
Different compounds, such as the spinel oxide LiMn 2�xZnxO4

[10], ferrite LixMn1+xFe2�2xO4 [7] and other spinels of these 
elements [16–18] have been successfully characterized. In partic- 
ular, De Fazio et al. reported interesting magnetic and electronic 
propertie s of the spinels Li0.5xMn0.4Zn0.6�xFe2+0.5xO4 (x = 0.0–0.4)
[19,20]. These authors found that Li for Zn substitution – both 
non-magne tic ions – results in an enhancement in the magnetic 
propertie s and in an improvement of the micro-wave absorption 
characteri stics.

In this work we correlate the magnetic and structural proper- 
ties of Li0.5xZn0.6�xMn0.4Fe2+0.5xO4 (x = 0.0; 0.1; 0.2; 0.4) and 
determine the most probable cationic distribution in the spinel 
structure that agrees with both magnetic and structural experi- 
mental results.

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.jallcom.2013.03.068&domain=pdf
http://dx.doi.org/10.1016/j.jallcom.2013.03.068
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http://dx.doi.org/10.1016/j.jallcom.2013.03.068
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jalcom
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2. Experimental 

2.1. Samples preparation 

Samples of composition Li0.5xMn0.4Zn0.6�xFe2+0.5xO4 (x = 0.0; 0.1; 0.2; 0.4) were 
prepared by the self-combustion of a citrate precursor, as explained elsewhere 
[19]. Once the sol–gel and posterior self-combustion was produced, the resulting 
residue was calcined at 1000 �C for 2 h in a static Ar atmosphere. The obtained sam- 
ples were labeled 800, 801, 802 and 804, where the last digit indicates ten times the 
value of substitution, 0.5 x in the stoichiometric formulation (see Table 1).

2.2. Samples characterization 

Structural characterization was performed by X-ray diffraction with a Philips 
PW3040/60 diffractometer, with Si monochromator, Cu Ka incident radiation, at
40 kV and 30 mA, step scan of 0.2 �/min and step size of 0.02 � in 2h. The different 
observed phases were refined with the Rietveld method, as implemented in the Dif- 
fracPlus TOPAS � commercial software.

57Fe Mössbauer absorption spectra were recorded in transmission geometry at
room temperature using a multichannel analyzer with a drive-in constant acceler- 
ation mode. A 57Co(Rh) source with initial activity of 20 m Ci was used. The spec- 
trometer was periodically calibrated using a natural iron foil as a standard.
Powder samples (40 mg) were measured in a round acrylic sample holder of
20 mm diameter. The measured isomer shifts (IS); are referred to as a-Fe. The Nor- 
mos/Site program was used for fitting the measured spectra.

Magnetic properties were measured at room temperature with a vibrating sam- 
ple magnetometer Lake Shore 7300 with a maximum applied field of 15 kOe. Mag- 
netization as a function of temperature was measured for selected samples in a
Quantum Design SQUID from 4 K to room temperature, with an applied field of
100 Oe.

2.3. XRD Rietveld refinements

The Rietveld refinement method uses a least squares approach to refine a
theoretical X-ray diffraction spectrum until it matches the measured profile
[21]. The model for the calculated profile includes structural (spatial groups,
atoms in the asymmetric units, thermal factors, etc.), microstructural (concentra-
tion, crystal size, micro deformations) and instrumental (full width at half max- 
imum, width of slits, size of the sample, depth of X-ray penetration, background,
etc.) factors.

In the refinements performed in this work, the background was fitted using a
sixth degree polynomial function and the parameters related to thermal fluctua-
tions were not refined, since their influence is negligible compared to the uncertain- 
ties introduced by the refinement of occupancy factors. The values for these thermal 
parameters were taken from the Inorganic Crystal Structure Database (ICSD) in- 
dexed files corresponding to each phase: ICSD #28514 for MnZn ferrite, #26170 
for ZnO and # 24698 for FeO.

A TCHZ pseudo-Voigt profile was used to describe the peak shape. This function 
accounts separately for the contribution due to the particle size, the strain broaden- 
ing and the experimental contribution (a detailed mathematical description of the 
Rietveld method can be found in Ref. [21]). In order to account for the instrumental 
contribution, a standard reference material of silicon powder (SPI� SRM 640c) was 
measured.

2.3.1. Quality of fit
In order to provide figures of merit for the performance of the Rietveld method 

at the different refinement stages, indexes known as R-factors are usually used. The 
criteria used to determine the quality of the fit indicate the user the evolution of the 
refinement and help to decide if the proposed model is adequate. However, just a
single parameter is not enough to evaluate the refinement [22], so it is important 
to have several indicators for each iteration. Different parameters appear in the lit- 
erature to evaluate the quality of the fit [21]. In this work, the parameters called 
weighted pattern (Rwp), goodness of fit (GoF) and expected factor (Rexp) are used. These 
parameters are defined as:

Rwp ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
wnðYo;n � Yc;nÞ2P

wnðYo;n � BkgnÞ
2

s
;

Table 1
Samples notation.

Sample x Formulation 

800 0.0 Mn0.4Zn0.6Fe2O4

801 0.1 Li0.05Mn0.4Zn0.5Fe2.05O4

802 0.2 Li0.1Mn0.4Zn0.4Fe2.1O4

804 0.4 Li0.2Mn0.4Zn0.2Fe2.2O4
GoF ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
wnðYo;n � Yc;nÞ2

N � P

s

and

Rexp ¼
Rwp

GoF

where Yo,n and Yc,n are, respectively, the observed and calculated data at point n;
Bkgn, is the background at data point n; N is the number of data points; P is the num- 
ber of parameters and wn the weighting factor given to data point n. In counting sta- 
tistics, this last factor is given by wn = 1/r(Yo,n)2, where r(Yo,n) is the error in Yo,n.

Both Rwp and GoF are good global indicators of the refinement process, since the 
numerators of these factors contain the residual function which is being minimized.
A rather good refinement is represented by low values of these parameters: Rwp

around 0.10 for XRD in a conventional diffractometer, and GoF around 1 [23].
3. Results and discussion 

Fig. 1 shows the XRD patterns acquired for all the samples.
Reflections of the (311), (440) and (220) planes confirm the for- 
mation of the MnZn ferrite with a well-defined spinel structure 
and some secondary phases which are indexed as ZnO and FeO.
It is remarkable that sample 804 (with x = 0.4) is single-phas e.

Fig. 2 shows the first quadrant of all the samples’ hysteresi s
loops, all of which saturate at fields below 15 kOe. Li doping con- 
siderably modifies saturation magnetization Ms since its value in- 
creases from 63.0 emu/g for x = 0.0 to 101.5 emu/g for x = 0.4. The 
inset of Fig. 2 shows the Ms values as a function of Li content, x.
It is thought that the inclusion of Li+ and extra Fe3+ in the lattice 
promote s a cation arrangement between tetrahedral and octahe- 
dral sites, increasing Ms to the rather high observed values. Since 
magnetizati on is given in emu/g, the Ms values for samples with 
secondar y phases should be corrected. This is possible to do after 
refining the X-ray diffraction patterns, when the different phase’s 
concentr ation are determined.

Coercivit y is low in every case, with values around and below 
100 Oe. A soft magnetic behavior has already been reported for 
MnZn ferrites [23] and is also expected here.

It is well-known that the magnetic properties of spinel ferrites 
depend on the vectorial sum of the magnetic moments at tetrahe- 
dral (A) and octahedral (B) sites which align anti-parallel to each 
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Fig. 1. X-ray diffraction patterns of samples Li0.5xZn0.6�xMn0.4Fe2+0.5xO4 (x = 0.0; 0.1;
0.2; 0.4).
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other [24]. It has also been experimental ly verified in numerous 
studies (see, for instance Refs. [22] and [24]) that the distribution 
of cations among the lattice sites is strongly dependent on the 
material preparation. Therefore, an accurate determination of
the cationic distribution in the lattice is important to account for 
the magnetic properties of the material.

Since different site occupation is translate d into different rela- 
tive intensities in the diffraction patterns, profile fitting by Rietveld 
analysis is one of the most used methods to determine cation dis- 
tributions. Hence, for the correct assessment of the cationic distri- 
bution, an adequate magnetic structure model is required.

As different configurations may be effective in minimizing the 
quadratic differenc es between the observed and calculated spectra,
the Rietveld method requires the use of a model for cationic distri- 
bution as close to the real one as possible so that the starting point 
for the refinement is not far from the converging values. The par- 
ticular cation distribution or configuration which gives the best 
fit to the experimental diffraction patterns should also be appropri- 
ate for describin g the increase in saturation magnetization Ms with
Li content, x. Since magnetization in a ferrimagnetic compound is
calculated as the difference between the magnetic moment in
octahedral and tetrahedr al sites, the increase in M can be achieved 
by either incremen t of B moments, decrease of A moments , or both.

For proposing an appropriate cationic model, different aspects 
had to be considered:

1. The system should be electrically neutral, that is – the sum of
the ionic charges of cations in A and B sites should be equal 
to 8, in order to neutralize the charge corresponding to the four 
O2� per unit formula.

2. The total magnetization should increase with x.
3. An inversion factor d(0 < d < 1) had to be defined for each x

value in order to consider the cationic distribution of 0.5 x Li,
(0.6 � x) Zn, 0.4 Mn, and (2 + 0.5 x) Fe per unit formula.

4. Since the cations in sample 800 (x = 0.0) are different from the 
ones with x–0.0, different models were proposed to consider 
this fact.

After several attempts, in which all the above considerations 
had to be fulfilled, the following models were the best for fitting
both structural and magnetic data:
0
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Fig. 2. First quadrant of the hysteresis loops for all the samples as a function of Li
content, x. The inset shows the increasing of saturation magnetization with x, before 
correction for secondary phases.
� For sample 800 (x = 0) model M0:

Zn2þ
0:6�dMn2þ

0:4Fe3þ
d

� �
A

Zn2þ
d Fe3þ

2�d

h i
B
O2�

4

� For samples with x–0 model Mx:

Liþ0:5x�dZn2þ
0:4�0:5x�dMn2þ

0:2�2dMn3þ
0:2þ2dFe2þ

0:2þ2d

� �
A

Liþd Zn2þ
0:2�0:5xþdFe3þ

1:8þ0:5x�2d

h i
B
O2�

4

Using these models for the refinements, it was found that Mn
ions prefer tetrahedral coordina tion even when allowing some 
octahedral occupation, as the system converge d to a B site occupa- 
tion of zero for this cation. Only divalent Mn is appropriate for 
x = 0.0 and for samples with Li both di- and trivalent states of
Mn were considered. Therefore, a divalent state of Fe had to be also 
considered, in order to account for the natural balance Fe3+ + -
Mn2+

M Fe2+ + Mn3+ [25]. The possibilit y of a tetravalent state for 
Mn ion was disregarded on the basis of previous studies by Wende 
et al. [7]. In addition, it is widely accepted that in mixed ferrites Zn
ions occupy A sites. However, in this case, it was necessary to allow 
B sites occupation by Zn2+, which is quite remarkable.
20 30 40 50 60 70 80 90 100 110 120
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Fig. 3. Rietveld refinement of samples 801 (a, grey online) and 804 (b, red online).
The inset is an enlargement of the portion with the most intense peaks. Circles 
indicate the observed intensity while the calculated pattern is shown as a solid 
curve. Below each spectrum, the difference between observed and calculated 
intensities can be seen. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)



Table 2
Rietveld parameters indicating the quality of the refinements and different phase- 
content for all samples.

x Rexp (%) Rwp (%) GoF Ferrite (%) FeO (%) ZnO (%)

0.0 2.93 4.86 1.66 88.7 ± 0.6 10.5 ± 0.2 0.4 ± 0.1 
0.1 3.20 4.66 1.46 79.0 ± 0.5 20.6 ± 0.2 0.4 ± 0.1 
0.2 2.53 3.79 1.50 93.8 ± 0.8 6.2 ± 0.5 0.00 ± 0.01 
0.4 2.20 3.07 1.40 100.00 ± 0.01 0.00 ± 0.01 0.00 ± 0.01 

Table 4
Cell parameter, cell volume, crystal size and strain for all samples.

x a (±0.0001 Å) V (±1 Å3) D (±0.2 nm) Strain e0 (±0.001)

0.0 8.4556 605 57.5 0.029 
0.1 8.4902 612 55.4 0.033 
0.2 8.4608 606 60.6 0.042 
0.4 8.4409 601 84.2 0.059 
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3.1. Rietveld refinement data 

Fig. 3a shows the Rietveld fit of sample 801 and Fig. 3b displays 
the correspondi ng to sample 804. The refinements correspondi ng
to the other samples are very similar and are not shown. Tables
2–4 contain all the parameters and results obtained from the 
refinements.

The calculated strain values e0 (Table 4) increase with Li con- 
tent. This provides further evidence that Li ions enter the spinel lat- 
tice. It is also noticed that the crystal size D in samples with lithium 
increases when the amount of secondary phases decrease s, since 
minority phases usually tend to prevent grain growth.

The values of Rwp are higher for the samples with more second- 
ary phases, but remained less than 5% in all the cases.
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Fig. 4. Mössbauer spectra of samples 800 (a) and 804 (b).
3.2. Mössbauer spectra 

As it is widely accepted, Mn, Zn, and Fe cations in the spinel 
structure of MnZn ferrites are distributed among the two intersti- 
tial tetrahedral (A) and octahedral (B) sites. In general, Mössbauer
spectra of MnZn ferrites may be fitted with one sextet correspond- 
ing to Fe in the A sites and another sextet correspondi ng to Fe in
the B sites.

In this work, all the studied samples were fitted with two sex- 
tets {A} and {B} (one for each crystallograph ic site A and B) and a
doublet {D1} to take into account the probable existence of small 
particles with low crystallinity.

Mössbauer spectra for x = 0.0, 0.1 and 0.2 were fitted with an
additional doublet {D2} correspond ing to the secondary phase 
(FeO) detected by XRD in those samples (Fig. 1 and Table 2).

Fig. 4a and b shows the room temperat ure spectra of samples 
800 and 804, respectively. The correspondi ng fitting parameters 
are presented in Table 5.

The six-line spectra for the samples were analyzed in terms of
two sub-spectra. For x = 0.4, the sharper pattern can be due to
Fe3+ ions at B-sites while the broader pattern may be due to Fe3+

and Fe2+ ions at A sites, as the IS value suggests (Table 5). This re- 
sult is in agreement with the proposed model for cation distribu- 
tion (Section 3). The broadening of the A-pattern {A}, is
interpreted as being due to the distribution of hyperfine fields at
A sites, mainly caused by a random distribution of the cations at
B sites [26].

The presence of {D2} is related to antiferroma gnetic FeO, as a
singlet of these characterist ics can be assigned to this phase [27].

The presence of {D1} can be related to the fact that a fraction of
Fe ions have few nearest neighbors with ordered spins [26]. This 
Table 3
Cationic distr ibution in sites A and B for all samp les. The uncertaint ies associated with th

x Li+ Zn2+ Mn2+

A B A B A B

0.0 0.000 0.000 0.273 0.327 0.400 0.000 
0.1 0.035 0.015 0.335 0.165 0.170 0.000 
0.2 0.085 0.015 0.285 0.115 0.170 0.000 
0.4 0.185 0.015 0.185 0.015 0.170 0.000 
fact makes it difficult to quantify the iron ions distribution be- 
tween A and B sites.
e catio nic occupation affect the last significant digit.

Mn3+ Fe3+ Fe2+

A B A B A B

0.000 0.000 0.327 1.673 0.000 0.000 
0.230 0.000 0.000 1.820 0.230 0.000 
0.230 0.000 0.000 1.870 0.230 0.000 
0.230 0.000 0.000 1.970 0.230 0.000 



Table 5
Parameters derived from the Mössbauer analysis for sextets {A} and {B} and doublets {D1} and {D2}: Bhf (hyperfine magnetic field in Tesla), IS (isomer shift referred to a-Fe at RT),
linewidth C and SA (relative spectral area of each component).

{B} C 0.32 mm/s {A} C 0.40 mm/s {D1} C 0.40 mm/s {D2} C 0.50 mm/s 

x Bhf (T) IS (mm/s) SA (%) Bhf (T) IS (mm/s) SA (%) IS (mm/s) SA (%) IS (mm/s) SA (%)
(0.1) (0.02) (0.1) (0.02) (0.02) (0.02)

0.0 50.0 0.37 60.0 47.4 0.42 13.0 0.44 22.0 1.00 5.0 
0.4 50.8 0.38 70.0 49.0 0.75 10.0 0.34 20.0 – –

Table 6
Inversion factor, theoretical saturation magnetization per unit formula and corrected 
experimental saturation magnetization for all samples.

x d 0Mt
s (±0.01 lB) xMt

s (±0.01 lB) xMc
s (±0.1 emu/g)

0.0 0.327000 4.73 – 74.7 
0.1 0.015000 – 6.41 91.4 
0.2 0.015000 – 6.66 100.3 
0.4 0.009375 – 7.25 101.5 

Table 7
Comparison between experimental and theoretical relative magnetizations. The 
uncertainties are also shown.

x (M/M0)Exp D(M/M0)Exp (M/M0)Calc D(M/M0)Calc

0.0 1.00 0.07 1.00 0.05 
0.1 1.22 0.08 1.36 0.05 
0.2 1.34 0.09 1.41 0.05 
0.4 1.36 0.09 1.5 0.1 
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Although an exact iron distribution is difficult to achieve by
Mössbauer analysis, the presence of Fe3+ in the octahedral sites 
and the presence of Fe2+ – without discarding some contribution 
of Fe3+ – in the tetrahedral sites for the substituted samples, are 
a good support to the proposed model.

3.3. Magnetic data 

For those samples which are not single phase, the amount 
of secondary phases has to be considered when calculatin g
magnetization in units of emu/g. Supposing that – at room temper- 
ature – the magnetic moments of each lattice site are perfectly 
anti-paralle l to one another, saturatio n magnetization could be
calculated by subtracting the magnetic moments of sites B and A,
just as would be done at T = 0 K. Let 0Mt

s and xMt
s be the theoretical 

saturation magnetization calculated with cationic distribution 
models M0 and Mx, respectively , xMc

s the correspondi ng value with 
mass correction and ax the ferrite content. According to this, it is
found that 0Mt

s = (8–10d) lB for samples without Li and 
xMt

s = (6.4 + 2.5 x � 16d) lB for those with x–0.0. The values of the 
refined inversion factor, the calculated values for 0Mt

s and xMt
s

and corrected experime ntal saturation magnetization xMc
s are

shown in Table 6 for samples with different Li content.
The Field Cooling reduced magnetizati on M(T)/M0 curve of

sample 800 is shown in Fig. 5. Similar results were obtained for 
0 50 100 150 200 250 300 350

0.88

0.90

0.92

0.94

0.96
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1.00

M
/M
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T [K]
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H=100 Oe

Fig. 5. Field cooling M(T) curve for sample 800. The applied field is H = 100 Oe.
all samples. Because magnetic moments are not perfectly aligned 
at room temperature , there is an error when calculating the theo- 
retical magnetization as the difference between B and A moments.
Magnetiz ation is reduced in about 12% when going from T = 4 K to
T = 300 K. This effect must be considered when comparing the 
magnetization calculated from the proposed cationic model with 
the experime ntal data.

A complete uncertainty analysis was performed for both calcu- 
lated ((M/M0)Calc) and experimental ((M/M0)Exp) relative magneti- 
zations. Besides the mentioned thermal effect for the error in
calculated relative magnetization (D(M/M0)Temperature), the error gi- 
ven by Rietveld refinement was also considered (D(M/M0)Rietveld):

D
M
M0

� �
Calc
¼ D

M
M0

� �
Rietveld

þ D
M
M0

� �
Temperature

The uncertainty in magnetization measurements is mainly 
influenced by mass measurements (D(M/M0)Mass):

D
M
M0

� �
Exp
¼ D

M
M0

� �
Mass

Comparis on between experimental and theoretical relative 
magnetization s is shown in Table 7 and Fig. 6 along with their 
associate d uncertainties .
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Fig. 6. Comparison between relative xMc
s (circles) and xMt

s (squares). The dashed 
line is a guide for the eye.



10 M. Arana et al. / Journal of Alloys and Compounds 568 (2013) 5–10
Experimental and calculated values for saturatio n magnetiza- 
tion are indistinguishab le within the error and follow the same 
behavior increasing with Li content, supporting the validity of
the proposed cationic models.

Under the experime ntal conditions described for the studied 
samples, there is some Li and Zn preference towards A sites, which 
increases with Li substitut ion. The appearance of Mn2+ ions in
octahedral sites is also observed with increasing x. Since the total 
magnetization is the difference MB �MA, the increase in Li and 
Zn A-occupa ncy together with the appearance of Mn2+ in octahe- 
dral sites (with a larger magnetic moment than Mn3+) increases 
the net magnetization . Calculation of d with Mössbauer paramete rs
of iron occupanc y in A and B sites (Table 5) yields similar results 
(dx = 0 = 0.36 and dx = 0.4 = 0.04) to those obtained with Rietveld 
refinement (Table 6).

4. Conclusions 

For the selected experimental conditions, substituting Li for Zn
in Mn–Zn ferrite favorably contributes to a decrease of secondary 
phases and an increase in saturation magnetization . The magnetic 
and structural observed properties were explained by introducing 
an adequate cationic distribution model, which considers both tet- 
rahedral as well as octahedral sites for Zn ions.

The presence of the doublet D1 in the Mössbauer RT spectra 
makes it difficult to quantify iron ions distribution between A
and B sites. However, the existence of the six-line magnetic pattern 
due to the superexchange interaction between the magnetic ions at
tetrahedral (A) and octahedral (B) sublattices and the raise in the 
hyperfine fields (Bhf) of A and B sites suggest an enhancement in
magnetic coupling, which is evidenced in the increase of Ms.

Lithium substitution favors ion migration to the different crys- 
talline sites. This is supported by the obtention of a single phase 
material and no segregated phases for x > 0.3.
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