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Abstract : Praseodymium (Pr’*) substituted cobalt ferrite nanoparticles Pr.CoFes.04 {x=0.000, 0.025, 0.050, 0.075 and 0.100 }
were synthesised by sol-gel auto combustion method. The precursor samples were calcinated at 600 °C , for six hours. The ferrite
samples were characterised by X-ray, on Philips x-ray diffractometer, Model 3710, using Cu-Ka radiation (3= 1.5405 A®). The
lattice parameter, the mean size of nano particles, the oxygen positional parameter and cation distribution have been determined by
using Rietveld analysis. Lattice constant ‘a’ increases from 8.373- 8.423 A with increase in Pr** substitution. Hopping lengths .4
and La increases with Pr’“substitution. The mean ionic radius of the tetrahedral A- and octahedral B-sites increased with an increase

in Pr>* substitution.

IndexTerms - Cobalt ferrite; Rietveld analysis; cation distribution; lattice parameter.

L. INTRODUCTION

Spinel ferrite having formula AB;Q4, are made of about 70% iron oxide (Fe205) and about 30 % other metal oxides such as, CuQ
. Co0, NiQ, MnO, MgC . FeO, ctc. [1] From five decades these materials have been most attractive for research due to their most
remarkable applications in electronics , dialectical , optical and catalytical field ,[2,3] the physical properties of ferrite sample are
dependent on, method of synthesis, and distribution of cation either A or B sites , are totally dependent on their ionic radius, crystal
field , ionic polarisation and electronic configuration of dopant. [4,6]

Cobalt ferrite spinel particles shown verity of novel properties like cations . their charges and their distribution amongst

tetrahedral and octahedral sites, can be controlled by experimental conditions during synthesis, so different methods are used for
synthesis of ferro spinel compound such as, standard ceramic method, chemical co-precipitation, thermal decomposition of oxalate,
citrate, tartrate precursor, sol-gel auto-combustion method, ete, [7] among these different method. to synthesised homogeneous
particles in bulk scale, co- precipitation and sol-gel method are best methods. Among both methoed, sol-gel method widely used
because of low processing temperature and excellent chemical homogeneity in end product [8,9].
Spinel ferrite are also doped by rare earth cations such as Y**, Gd**, HO*, Nd*, Pr**, etc., its resulting mixed ferrites have natural
structure , lattice strain disturbed resulting increase in electric and magnetic parameters [10,11]. In present work we report, the effect
of rare earth ion dopant, Prascodymium (Pr*7) in cobalt ferrite and its influence on lattice structure parameter and distribution of
cation in two sublattice namely tetrahedral (A) and octa hederal [B] sites. We have successfully prepared nano spinal ferrites
PryCoFez-x04 (x= 0.00 to 0.1.in step of 0.025) by sol-gel auto combination, followed by heat transmit at 600 °C for six hours and are
characterised x-ray diffraction with scanning rate, one degree per minute.

II. EXPERIMENTAL

A series of Pr** doped CoFeyxQs, in step of 0.025 prepared by sol-gel auto combination method, from pure Fe(N(3)2.9H.0
(99.9%), Co(NOs)..611,0, Citric acid and Ammonia solution (Merck India), were used as starting material . Initially aqueous solution
citric acid mixed with agqueous solution of metal nitrate fallowed by addition of ammonia solution till to PH = 7, the solution was
heated on magnetic stirrer till temperature approximately 90 °C , with continuous stirring until the gel formed, continued the heating
then get spontancously brined and it converted into fine powder. All samples were calcinated at 600°C, for six hours, the calcinated
samples analysed by X-rays spectroscopy to identify structural parameters using Philips X-ray diffractometer with Cu Ka (2 =1.5405
A® ) as the radiation source. The refinement of structure was confirmed using software, Win Ploter (Version LIB.LLCMS).

III. RESULT AND DISCUSSION

Fig. 1 shows XRD patterns of all prepared samples, were indexed and cubic lattice was observed, all materials has well defined
crystalline single phase of fce system, with few traces of secondary phases (* PrOs;). The observed diffraction peaks assigned to
different planes of (111).(220). (311), (400), (422), (511), and (440) indexed to single phase, are in good arrangement with standard
values given in JCPDS data (80-2377).

The X-ray diffraction patterns shows small changes in peaks position because of unstable d-spacing values with increasing Pr**
content in all ferrite samples. The replacement of Fe?* jons in octahedral B site by Pr** change in expansion of unit cell, resulting in
increasing of lattice constant [12]. The lattice parameter ‘a’ was calculated using the following equati

a=dy(i* +k% +1%)

(1)
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Where d is the inter-planer spacing and (hkl) is the index of the XRD reflection peak.

The values of lattice contestant are represented in Tablel. It is nbserved that lattice constant ‘a’ increases from 8.373- 8.423 A
with increase in Pr** substitution. The jonic radius of Pr** and Fe' ions is 1.13 and 0.67 respectively, therefore, when Fe™* was
replaced byPr’* the lattice constant should aggrandize as the content of the Pr’* increased.

£
e
*
&
-

o e ZJE s
=
= % A
= # ~ A m—
=] ;
A& ﬁ A R A
-
2
.
P I
- hd ¥ v LJ el
=2 B3O <3 S50 (=1 ] Ta

(]

Fig.LX.R.D.pattens of Pr.CoFe:x9s (x=0.000, 0.025, 0.050, 0.075 and 0.100)

Table 1.The value of lattice constant (a), goodness factor (y2), discrepancy factor (Rwp), expected
values(Rexp), tetrahedral and octahedral bond length {dax and dgx) tetrahedral edge , shared and unshared octahedral edges (daxe .
dexe and dexev)System Pr.CoFe.. 04 (x =0.000, 0.025, 0.050 , 0.075 and 0.100)

Rex

Co;np. 1A v Rwp dax dex daxe  dexe  dexgv
P

0.000 8.3732 1741 3256 2.178 1.8999 2.0443 3.1025 2.8183 2.9621

0.025 8.3761 1,589 4512 2417 1.9006 2.0450  3.1036 2.8193 2.9631

0.050 8.3835 1963 41024 2621 1.9023 2.0468 3.1063 2.8218 2.9657

0.075 8.3084 1424 3841 2914 1.8056  2.0504  3.1118 2.8268 2.9710

0.100 8.4234 1.9113 2.0565 3.1211 2.8352 2.9798

2.654 3.945 2.541

The refinement of the structures was carried out with software, Win Ploter (Version LIB.LCMS), from X-ray powder diffraction
data. Both octahedral and tetrahedral cation and oxygen sites are assumed to be fully occupied. Diffraction profiles were modeled by
using a multiterm Simpson’s rule integration of the pseudo-Voigt function. The fitting quality ofthe experimental data were checked
by using the following parameters: the goodness of fit, x%; that must tend to 1 and two reliability factors, Rp and Rwp (weighted
differences between measured and calculated values) that must be close to or less than 10%. The refined crystallographic parameters
were: the scale factor; the lattice parameter, a0; the oxygen positional paramerter, u; the mean particles size and the degree of inversion,
Xi
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Fig 2. Typical Observed (- ) and calculated ( - ) X—ray diffraction pattern of PriCoFez.,04 sample (x=0.0) .

The x-ray diffraction patterns rctirement was continuously done to get goodness factor near to one, the value of discrepancy factor
(Rwp) and exapted values (Rexp) with goodness index are also listed in Tablel. The Rietveld refined XRD patterns for typical sample
x=00 of PryCoFes..0; systems is shown in the Fig. 2. Indicate observed and calculated paittern as well as their difference are much
collinearly,

By using the experimental values of lattice constant, oxygen positional parameter “u” and substituting the following equation, the
allied parameters ol such as tetrahedral and octahedral bond length (dax and dgx) tetrahedral edge, shared and unshared octahedral
edges (daxe , dexe and dpxev) were caleulated by using following equations [13,15] (dax and dpy), tetrahedral edge, shared and
unshared octahedral edge (daxe. dexi: and dpxey) were caloulated.
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Table 2. illustrates thar all the allied parameter increased with the increase in Pr** substitution. The variation of allied parameters
is related to the difference in the ionic radii of Pr’** and Fe**. The Pr** ion with the larger ionic radii increases the allied parameter as
the replaces Fe** ions of smaller jonic radii.

The hopping length for A-site (I.s) and B-sites (La) are calculated using the values of lattice constant.
Ly=a 7 (7

LAZC[
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Table 2. shows the variation of hopping lengths L4 and Lg with Pr’*substitution. It is observed from Table 2. that the distance
between the magnetic ions (hopping length) increases as Pr’" substitution increases, This behavior of hopping lengths with Pri~
substitution is an analogous with the behavior of lattice constant with Pr** substitution. This variation may be attributed to the
difference in the ionic radii of the constituent ions, which makes the magnetic ions become larger to each other and the hopping
length increased.
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Table 2. Hopping lengths(L.4 and Lg), Ionic radii of tetrahedral A-site (ra), octahedral B-site (rg). theoretically lattice constant
{am) and oxygen positional parameter (u) and Cation distribution of PryCoFez04x04 (x = 0.000, 0.025 , 0.050 , 0.075 and 0.100).

Comp. Ta s ah u ; istributi
La (A L (A Cation distribution
x Al B® K & @
0.000 3.6257 29604 0.670 0.725 8518 0.3849 (Fe)) [CoFel® Oy
0.025 3.6270 29614 0.670 0.731 8633 0.3846 (Fe)* [CoProo2sFeq o75]® O

0.050 3.6302 2.9640 0.676 0.734 8.550 0.3848 (COO U5F€0 95)A [CO() 95P!‘0 osFG]B 04

(Conuslenss)? [CoposProzsFeosrs/®
3.6366 29693 0.676 0.740 8.565 0.3845
0.075 Oy

0.100 3.6474 29781 0.681 0.743 8.582  0.384¢6 (CouniFenot [ConoProsFel’ Oy

The cation distribution in spinel ferrite can be obtained from the analysis of x-ray diffraction pattern. In the present work, the
Bertaut method [16] is used to determine the cation distribution. The cation distribution of Pr.CoFe:Qy is listed in Table 4. The
radius of Pr'* ions was larger than that of others metal ions in the as-obtained products and the inter spaces of tetrahedral sites (A)
was smaller than that of octahedral site [B], so Pr** ions was prior to occupy the octahedral sites [B].Partial migration of Co® ions
{0.78A) from B to A sites has been observed by increasing the Pr** concentration. Fe** ions showed no strong preference for any site
and occupy both tetrahedral A- and octahedral B-site.

The mean ionic radius of the tetrahedral A- and octahedral B-sites (ra and rs) can be calculated for all the samples using the
relations discussed elsewhere [17]. The values ofr4 and rg are listed in Table 2. It is observed from Table 2 that the mean ionic radius
ofthe tetrahedral A- and octahedral B-sites increased with an increase in Pr?* substitution. The increase in r is due to the replacement
of smaller Fe** jons of ionic radii (0.67 A) by the larger are earth Pr*~ ions with 1.13 A ionic radii at octahedral B-site. The small
increase in ra is due to the migration of Co* ions from B site to A site, that resulted in the increase the octahedral radii ‘rg’.

The theoretical values of lattice parameter can be calculated with the help of following equation [18],

Qe =§\/§[(TA+R0) +V3(r5 + Ry)] @

Where ra and rg are radii of tetrahedral (A) site and octahedral [B] site, Ro is radius of oxygen i.e. (Ro= 1.32 A). The values of
theoretical lattice parameter “ag’ obtained by using relation (9 )are shown in Table 2. It is observed that ay, increased from 8.518 to
8.582A with increase in Pr* substitution. The difference between a and am may be related to the lattice defects for polycrystalling
material and the presence of Fe’* on A orB sites which are not taken into account [19].

Using the values of *a’. the radius of oxygen ion Ro= 1.32 Aand ra” inthe following expression, the oxygen positional parameter
‘u’ can be caleulated [17],

Table 2. shows the variation of oxygen positional parameter ‘u’ with Pr** substitution. Our value of *u’ is larger than its ideal
value (u = 0.375 A), this larger value may probably be due to many reasons, including the history of the samples, experimental or
measurement errors, €.g. precision of the observed X-ray intensity and the theoretical data used for the scattering model ofthe system.

IV. CONCLUSION

Praseodymium (Pr*”) substituted cobalt ferrite nanoparticles PryCoFez 04 (x = 0.000, 0.025 , 0.050 , 0.075 and 0.100 ) were
successfully synthesised by sol-gel auto combustion method. XRD patterns illustrates formation crystalline single phase of fec
system, with few traces of secondary phases (* PrOs) for all samples. The Rietveld refined XRD patterns shows observed and

calculated pattern are much collinearly, Lattice constant ‘a’ increases from 8.373- 8.423 A with increase in Pr** substitution. All
the allied parameters increased with the increase in Pr3* substitution. Hopping lengths L4 and Lg increases with Pr'' substitution.
The mean ionic radius of'the tetrahedral A- and octahedral B-sites increased with an increase in Pr3* substitution.
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