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Abstract

. Assuming preferential distribution of magnesium ton among tetrahedral (A) and octahedral (B) site the cation distribution s predicted

{1 Nd* substituted Zn-Mg ferntes. Cation distribution is investigated by a method wheremn structural refinement 1s apphied The theoreuical intensity
of X-ray reflections, which found to depend on site occupancy, was calculated The dependence of intensity of reflections against cation distnbution
parameter was studied which suggests that the intensity of (220) and (422) reflections are sensitive 10 A-site, whercas that of (222) and (400) to the
B-siie Close agreement of the theoretically calculated and experimentally observed intensity supports the predicted cation distribution. To counter
Jheeh, the sumplified method wherein graph of theoretical intensity of (220) reflections s plotted agamnst distribution parameter. By plotung observed
mienty of the same plane the exact distribution parameter is decided with the help of this plot The plot of rchability factor, R against disnbution
paametes shows deep near about exact distribution parameter, which supports the exactness ol cation distribution The investigated cation distribution
wvedls that zine 1on shows its strong occupancy on A-site and magnesium 10n distributes partially among A and B sites indicating maximum occupancy
A wite for x = 020 The substituted Nd** ion resides on B-site displacing proportional amount of magnesium from B site to A site.
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1. Introduction

Spincl ferrites have two magnetic sublattices, tetrahedral A-site
and octahedral B-site. The structural, electrical and magnetic
propertics, upon which its application depends, arc found to be
sensitive to distribution of cations among these sites [1]. In
order to interpret the results regarding these intrinsic properties,
the knowledge of cation distribution turns out to be essential.
Therefore, investigation of cation distribution in ferrites system
s of interest. The cation distribution can be investigated by the
Gelli'o statistical model in which three magnetic ions per formula
unit is considered [2]. However, the present system does not
consist three magnetic ions per formula units. Upadhyay and
Raldha [3] have suggested thc method to estimate cation
distribution, assuming relative weighted magnetic interaction
per formula unit. This was further modified by Vasambekar et al
[4] for trivalent substitution.

‘ By process of structural refinement of X-ray powder
diffractograms, much structural information can be obtained [5,6].
The intensity of X-ray reflections provides the information
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regarding occupancy of cations among these sites [ 1, 7], whercas
full width at half maximum (FWHM) gives particle size [5]. The
intcnsity of 220 and 422 reflections strongly depends on cations
of tetrahedral site [7], while that of 222 and 400 is sensitive to
cations of octahedral site [8]. Assuming this dependence, the
structural refinement method is used and the results regarding
the study of cation distribution investigation by structural
refinement for Nd** substituted Zn-Mg ferrites are reported.

2. Experimental

Compositions of polycrystalline ferritcs, Zn Mg, ,Fe, Nd O,
(x=0.00,0.20,0.40,0.60, 0.80 and 1.00; y = 0.00 and 0.05) were
preparcd by standard ceramic method, wherein the AR grade
oxides ZnO, MgO, Fe,0, and Nd,O, were employed. The
sintcring temperature was controlled at 1000°C for 24 hours and
the furnace was slowly cooled. To confirm the completion of
solid state reaction, the compositions were characterized by
standard tools i.e. X-ray, FIR absorption and SEM. The
diffractograms were further subjected for structural refinement
to investigate the cation distribution.
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3. Results and discussion

The X-ray diffractograms of powdered compositions reveal the
formation of single phase cubic spinels, showing well defined
reflections of allowed planes. On refinement of the diffractograms,
the extracted structural data are presented in Table 1. The lattice
constant, as indicated in Table 1, exhibits lincar relationship
with Zn?* concentration obeying Vegard's law. This may be due
to large ionic radius of Zn?* ion (r,,2* = 0.83 A), which when
substituted resides on tetrahedral A-site and displaces smaller
Fe*ion (rh3+ =0.67 A) from A sitc to B site. This suggests the
strong occupancy of Zn?* ion on tetrahedral A-site [9]. Due to
Nd* substitution the lattice constant is found to be decreasing
slightly. Such reduction in the lattice constant in rare-earth
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substituted ferrites system was reported by Rezlescy and
Rezlescu [ 10], suggesting the occupancy of rare-earth ion on .
site.

The physical densities (dp) of the compositions wer,
measured by using liquid method and are reported in Tabje |
along with X-ray density (dx) and porosity (P). The caun,.
oxygen bond lengths for tetrahedral A-site, (A-0) and fi,
octahedral B-site (B—0) were calculated by using relaton,
A-0=(u-1/8)aV3 and B-O = (5/8-U) a and are presentc
in Table 1. The A-O bond length shows increasing trend wyy,
Zn?* concentration, whilc B-O bond length decreases wih
increasing Zn?* jon. This can be autributed to the stron,
occupancy of Zn?* ion on A-site. Tetrahedral site (R 4) and

Table 1. Structural data for the compositions of Zn Mg, Fe, Nd O, ferrites system.

Compositions = X 0 00 020 0.40 060 0.80 1.00
Parameters U y = 0.00
Lattice constants, (a) A 833 8.53 8.37 8.39 8.41 8.43
No. of Formula unit, (2) 8 8 8 8 8 8
Formula weight, (w) gm. 200.02 208.23 216 44 224 65 232 8 241.08
X-ray Density, (dx) gm/cm' 3.99 4.01 4.22 4.54 4.64 4.81
Physical Density, (dp) gm/cm® 4 64 4.79 4.95 5.10 5.27 5.40
Porosity (P) % 13 89 16.36 14.44 10.39 1198 11 00
Bond distance, (A-O) A 1.72 1.78 1.82 1.86 1.87 194
Bond distance, (B-O) A 2.13 211 2.09 2.08 208 2.04
Tetrahedral Radws, (R,) A 0.37 0.43 0 47 051 0.52 0.59
Octahedral Radus, (R,) A 0.783 0 755 0.739 0727 0.725 0691
R-Factors R, 0 0045 0.0197 0.0108 0.0065 0.0069 0.0183
R, 0.005! 0 0233 00127 0.0066 0 0068 00178
Ryp 0.017 0.042 0.023 0.012 0.018 0.035
S 0.056 0123 0.125 0 064 0.097 0190
Oxygen ion parameter (U) A 0369 0373 0.355 0.377 0.378 0.383
y=0.0§
Lattice constants, (a) A 8.31 8.33 8.35 8.37 8 39 8.41
No. of Formula unit, (Z) 8 8 8 8 8 8
Formula weight, (w) gm. 204.23 212.44 220.66 228.87 237.08 245.29
X-ray Density, (dx) gm/cm' 4.13 4.15 4.39 445 4.50 4.79
Physical Density, (dp) gm/cm’ 4.65 4.82 4.99 5.16 5.33 5.49
Porosity, (P) % 11.26 13.75 11 86 13.67 15.48 12.57
Bond distance, (A-O) A 1.71 1.78 1.81 1.85 1.87 1.92
Bond distance, (B-0) A 2.13 2.10 2.08 2.07 2.07 2.05
Tetrahedral Radius, (R,) A 0.36 0.43 0.46 0.50 0.52 0.57
Octahedral Radius, (R,) A 0.782 0.751 0.736 0.727 0.719 0.695
R-Factors R, 0.0228 0.0201 0.0174 0.0092 0.0260 0.0319
R, 0.0212 0.0209 0.0116 0.0103 0.0248 0.0304
Ry, 0.057 0.044 0.050 0.026 0.056 0.069
S 0.305 0.231 0.266 0.142 0.299 0.370
Oxygen ion parameter, (U) A 0.368 0.373 0.375 0.377 0.378 0.382
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octahedral site (R) radii have been calculated by using relation
irom Smith and Wijn [11], R, =(u=-1/4)ay3-R, and
Ry = (5/8-u)a—R,, where R is the radius of oxygen and u is
the oxygen ion parameter. On close inspection of Table 1, it is
jound that the tetrahedral radius increascs with increasing Zn?*
concentration, whereas that of octahedral site decreascs. This
also supports the occupancy of Zn?* jon on A-site.

X-ray powder diffractograms consists much structural
information, which can be explored by structural refincment (5,
6] According to Rietveld [5], the intensity of reflection observed
A Bragg's position 6, is given by

0= AL B LG 1 By} exp [-Co(26,0? 1 HF], (D)

where IFA'Z — is the total structure factor, obtained by summing
the atomic scattering factors of all 56 atoms along with their
positonal co-ordinates. Since the cubic spinel has space group
td3m [7], the positional co-ordinates uscd are 8a and 16¢ for
cations of tetrahedral and octahedral site respectively and 32e
jor oxygen ion [1]. The atomic scattering factors were obtained
fromeq. (15)

f(s)=Y a, exp(=b,s)+c,, v)

where g, b, and ¢, are the coefficient obtained from least curve
titing. P, is the multiplicity of the reflections and L, is Lorents.
polarization factor. Since the Gaussian distribution function was
«onsidered as profile function, the constant Co could be equal
10 4log2 [12]. The term H, is Full Width at Half Maximum
{1‘WHM), takes account of peak broadening resulting from
particle size and is given by Hf = utan® @+ vtan @ +w, where
«. v and w arc the half width parameters. The reliability of
suuctural refinement is usually expressed in terms of reliability
lactors Ry, Rp. pr and S, the goodness of fit [13,14]. Thesc
factors have been calculated and presented in Table 1. The values
of the parameters arc found to be less than 0.15, the limit of

rehability [ 15, 16], which supports the refincment.

Assuming preferential occupancy of Mg?* ion on either sitcs,
the formula proposed for cation distribution is

B
(Z"ngSFel-x-G)A[Mgl-x—BFcHx-o-&-—_\'] 04, 3

where § is the distribution parameter, which gives amount of
Mg™ on occupying tetrahedral A- site. By using cq. (1), the
theoretical intensities of reflections were calculated and the ratio
l/lm is used for interpretation of the results. In order to confirm
the dependence of intensity of reflcctions on site occupancy,
the intensities of various reflections have been calculated as a
function of distribution parameter § in the range form 0 to 1-x
“_"d plotted against distribution parameter §, as depicted in
Figure 1, On inspection of Figure 1, it is observed that intensity
0220 and 422 reflection decreases with increasing §, whercas
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the inlf‘:nsily of 222 and 400 reflcctions increases with incrcasing
6. This may be attributed 1o the sensitivity of 220 and 422
reflection to the cations of tetrahedral A-site and that of 222 and

6000
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Figure 1 Theoretical intensity of reflection vs distnbution parameters
8

400 reflections to the cations of octahedral B-site. If amount of
lighter Mg* ion (§) increases, then equal amount of heavier
Fe** ion shifts from A-site to B-site. This results into decrease
in the total structurc factor (F,) of A-site and increase in total
structure (F,) of B-site. The clubed intensity /| +1;,;, remains
independent on §: however. it shows increasing trend with
oxygen ion parameter (u), as shown in Figurc 2. The oxygen ion
parameter was decided by placing observed intensity of I, +
1, on this plot. Thus obtained u-parameters are reported in
Tablc 1.
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Figure 2. Intensity of I, + L, reflection vs oxygen 1on U-parameter

The intensity of 220 reflection being sensitive to A-site, is
calculated as a function for distribution parameter § and plotted
versus §. The expanded part of this plot 1s shown in Figure 3,
typically for x = 0.40; y = 0.00 and 0.05. The exact value of
distribution parameter § is obtained by placing observed
intensity of 220 reflcction on the same plot, as indicated in the
Figure 3. These values of exact distribution parameter § are
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used to predict cation distribution. The refincment factors R,
were also calculated as a function of § and plotted against § as
depicted in Figure 3. By inspection of Figure 3, it is found that
the refinement factor shows the dip near about exact value of §.
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Figure 3. Theoretical intensity of 220 reflection and reliability index R,
vs distribution parameter d. (a) x = 0.40 ; y = 0.00 and (b) x = 0.40 ;
y = 0.08.
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This dip in the refinement factor supports the exactness of the
distribution parameter § and hence proposed cation distribuy,,
The investigated cation distribution is presented in Tabe »
The cation distribution presented in Table 2 shows g,
agreement with the previous reports for MgFe,O, ferritc | 17
The occupancy of magnesium ion on tetrahedral site incregy,
with Zn2* concentration (x) up to x = 0.20 and decrease thercaficr
On Nd* substituion, the amount of Mg2* ion occupying A
increases. This also supports the occupancy on Nd** 1on on
site.

4. Conclusion

Structural refinement method can be used to estimate the cxy
cation distribution. The intensity of reflection shows .
dependence on site occupancy and oxygen ion parameter, Th
cxact distribution parameter can be decided by compuring
observed intensity with calculated one. The refinement faciy
shows a deep near about the cxact distribution parameters, whul,
support the exactness of the method. The cation distribution
investigation shows that the occupancy of magnesium 1on oy
tetrahedral site increases up to x = 0.2 and decreases therealier
The substituted Nd* ion resides on B-site and results it
increase of magnesium ion on A-site.
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