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ABSTRACT 

The magnetic properties and lattice dynamics of the spinel ferrite system Cdx Co1-x 
Fe2 04 (x = 0.0, 0.1, ... , and 1.) were studied in the temperature range between 78 to 
800°K. The results showed that the samples with x = 0.0 up to 0.5 are ferrirnagnetic at 
room temperature, and a magnetic disorder transformation started to appear at x = 0.6. 
The Neel temperature was found to decrease with increasing cadmium concentration. 
The reduced hyperfine magnetic fields for the A- and the B- sites were found to follow 
the Brillouin function and One-Third-Power Law. The results showed also that the intro­
duction of the Cd2+ ions decreased the f-value and Debye temperature, while the mean 
square velocity of the 57Fe nucleus was not affected greatly specially at low and normal 
temperatures. The anisotropic energy, for 0.1"' X ~0.9 was found to be of the order of 
2 X 10"14 erg. · 

99 



i:<:o~J..U uLS~lJ J:cc·:hU.Ut U"'t~t ~tJJ 

~.)AJt ~_;Jt ~. •J 

~~~~)~~ 

,S-JS 
..r-1 ..r 

.)J~,.. i_,AU; rt~4 

~~~I ~ ~UA ;.;~J- ~, ~I ~ ~ /.;~J 
~ J..£.o4- - .;J~JA J.o.£.o - ~u ~.;~ ~I .;~J 

u~ '-i~ ~ .;~J- c~ ~LA c~ .;~J 
(z;~Li.JI) - ~j~l J..£.o4-- .;J~JA J,o.£.o 

~~J.ll ul.S~IJ J!. "!hl:a.i.11 u-=>1~1 ~IJJ ~~ lolA i) ~ 
,1"c _ _f~ ~~~ ~_,i k~ '/J#I ~jllt.t!s!,:;14:J1~1 u-=>I~IJ 
.liij JJ~~ ~,JAW~~~~\, • • • , •,Y, •,\, ~ = ~ ¥ 
tJI~~,I~u~JJi)k~lu~I.JA~JS.IJJ~JlluL...u~~~~ 
~ ~~ ~ ~~ u~l ul ~L:WI ~JI Jilj lolA. d A• • Jl VA~ 
~JJ i) ~~.,&JI a:JWI i) u.JSl( • ,o = ~) • ,o~ ~ ~~Jl.SJI 
~J~}:a J!. "!hl:a.i.oiJl:aJI LIWI Jl J~l i) u~l l~ ~ ~~~ ~,~~ 
~.;J ~ ~J~}:a Jil ~ ~,~~ ~JJ ul ~J LAS, ~~ o.lA ~ ~~Jl.SJI 
J£ 'i~ ~~ u~l ul ~~ ~L:WI u~l JiJJ • ~.,&JI i) ~Jl.SJI 
LIIJ.l a:.~·.1~ tt .t wuhUi.ll _ I A <t~La,o ••• t · Jil Jl.SJI · .. s • 4.a.w.a.:a :.r- - - ,... . ~ ' 1.)-0 ~ ~ J::""'~ • 
f /' ~~~ UJ=at.i ~ d.ll.SJ, YfO '/JI)U ~,)a.Jl ul.l ~~ ~~~ ~~~ 

• J!s!. t.JI ~IJ u~~ .t~""~~Ui.ll ~~ ~ 'illl 
J~IJ ':f~J ~,~~ ~JJ 't!'; US,OI ~~ Lw..t,J.U olA ~u:a UAJ 
~ ~J~j ~ ~JJlJ~ ~ ~ JS ul ~J JiJJ ~.1.11 u-=>I....Al.~l OJJ.a 
~_,il ~U ov ~~~ ~,;, ol_,:a kJ"" e-:'J4&..,.,Jlo ~ ~ ~~JWI ~.;J 
~ Jilj lolA. J.o.j~"ell ~JI~I u~JJ~ ~~J~~JWI ~J~~~tj 

Jl.,.\ = ~ Uo-ul~jUU:<tMIJaiJt~J~I~UU..~d.ll.S 
~ J! \t- '. )( y JjJoa I) UJ'l ..... ~ • ,\ - 4JM 

100 



Introduction 

The ltlllgnetic properties of several mixed ferrites with spinel-type crystal structure have 
been the subject of many investigations using different techniques [1-6]. An example of 
these ferrites is provided by the series of compounds _with the §eneral formula Me Fe2 0 4 
where Me is a mixture of diamagnetic elements as Zn2+ or Cd + and transition elements 
as Ni2+ or Co2+. In these compounds, the cations are distributed among octahedral (B) 
and tetrahedral (A) interstitial sites of a face-centred cubic oxygen lattice. 

In a previous work [7] we applied the Mossbauer Effect technique for studying the 
magnetic properties of Cdx Ni1 -x Fe2 0 4 series and in the present work we are dealing 
with the study of the magnetic -behaviour of the series Cdx Co1.x Fe2 O,. at different 
temperatures. 

Experimental 

Eleven samples for the ferrite system Cdx Co.1.x Fe2 0 4, where ()EO; X E0;1, were prepared 
by the usual ceramic sintering ~rocess [8], in steps of 0.1. Pure constituent oxides were 
mixed, pressed, prefrred at 900 C for 30 hours, then sintered at 1100°C for 6 hours and 
were annealed in air. The ferrites formation were proved by X-ray diffraction. The 
lattice constant for each member was calculated and found to vary from 8.365 ± 0.019 
A for x = 0.0 to 8.676 ± 0.017 ° A for x = 1.0. The Mossbauer Effect spectra were 
measured over the temperature range from 78 to 800°K. 

Results 

Magnetic Properties 
The room temperature Mossbauer Effect spectra of the samples with x = 0.0 up to 0.6 
showed magnetic hyperfine patterns. The samples with x = 0.7 up to 1.0 showed para­
magnetic doublets only. The values of the calculated hyperfme magnetic fields for the 
A and B- sites at different temperatures are plotted in Fig. 1, for sample with Cd con­
centration x = 0.3. The relation between Neel temperature (TN) and x is plotted in Fig. 
2. It was shown that as x increased, TN decreased. The obtained value of Neel temperature 
for CoFe2 0 4 is exactly the same as the value reported by Schuele et al. [9] using static 
magnetic measurements. 

The curves of Heff(T)/Heff(O) versus T/TN for both A- and B- sites (Fig. 3) follow the 
Brillouin function characteristic of iron with J = 5/2. These curves showed also that the 
hyperfine magnetic field at the 57Fe nuclei in the B-site at a certain value of T/TN 
decreased on replacing iron ions in the A-site by cobalt ions. The log-log plot of these 
values (Fig. 4) showed straight lines for both A- and B- sites verifying the One-Third-Power 
Law [10] which describes the substance magnetization for samples with OEO;XE0;0.4. 
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Fig. 1: Variation of hyper fine fields in Cd0 . 3 Co0 • 7 Fe2 04 
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Fig. 2: Variation of Nee! temperature TN of Cdx Co1 x Fe2 0 4 system as function of x. 
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Fig. 3: The Brillouin curve for J = 5/2 with reduced hyperfine fields for 
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Fig. 4: One-Third-Power Law, as applied for Cd0 .4Co0 ,6 Fe204 sample. 
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Fig. 5a: Debye temperature for Cd- Co ferrite system versus x. 
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Fig. 5b: Variation off-value with x at room and liquid nitrogen temperature. 
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Lattice Dynamics 
In the Debye approximation for lattice vibrations, the f-value was used to calculate the 
Debye temperature llo, from the relation [11] : 

ln fa ln Aex a 6ErT 
Kllf> 

Where Aex is the experimental area, Er is the free atom recoil energy, T is the absolute 
temperature and K is Boltzmann's constant. The value of liD was calculated for o.;;;; X 
.;;;;o.6, its variation with xis shown in Fig. Sa. The obtained values of Debye temperature 
of the system could be used to calculate the f-values at different temperatures. The 
values were found to decrease as the Cd-content increased, as shown in Fig. Sb. 

The mean square amplitude of the vibration <x?- of the 57Fe nucleus in the direction 
of emission of the gamma rays, averaged over the lifetime of its first excited state, is 
calculated from the relation: f = exp (- (x2 )/~) and is found to increase by increasing 
the Cd- concentration (Fig. 6). 

The mean square velocity (v2 ) of probe 57Fe nucleus is calculated from the relation: 

C2 (x2 ) ~E 
Inf = 2 

2 2 
where ~E is the experimental value of isomer shift. 
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Fig. 6: Variation of the mean square displacement at room and liquid nitrogen temperatures 
versus x. 
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The variation of<v2 ) with temperature is shown in Fig. 7. This curve shows that (v
2

) 

is nearly constant for the A- site with varying Cd- content, while it differs slightly for the 
B- site, specially at high temperatures. 

The anisotropic energy at room temperature is calculated from the spectrum of the 
sample with x = 0.6 where relaxation effects appeared due to magnetic disorder transfor­
mation, using the relation [12]: 

A(T)/Amax. = exp (-w/KT) 
where A(T) is the relative amplitude of the central peak at temperature T'K, and Amax 
is the relative amplitude of the paramagnetic spectrum. The anisotropic energy w is 
found to be 2 X 10"14 erg. 
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Fig. 7: Variation of the mean square velocity ( v2
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Discussion 

The preceeding results showed that the compounds for x = 0.0 up to 0.6 are in a ferri­
magnetic state at room temperature, for x>0.6 the compounds are in the paramagne$ic 
state. It is seen also that the nuclear magnetic field is smaller for the A-site Fe3+ ions 
than for the B-site ions, (Fig. 2). This can be due to the nature of the intersublattice 
magnetic bonds, beside the slight covalency of the tetrahedral iron ions. Since each 
tetrahedral iron ion will have on the average half of its intersublattice magnetic bonds 
with Co2+ and the other half with Fe3+ ions, while every octahedral Fe3+ ion will have on 
the average three quarters of the magnetic. bonds with iron and one quarter with Co2

+ 

[7]; so, it could be concluded that the Fe3+ - 0 2 - - Fe3+ interaction is stronger than 
that of Fe3+- 0 2-- Co2+. 

The decrease of the B-site hyperfine magnetic fields at the Fe3+ nuclei at a certain 
value of T/TN, on replacing iron ions in A-site by cobalt ions, can be interpreted also 
on the basis of the number of nearest magnetic neighbours where the Co(A) - Fe(B) 
exchange interaction is less than Fe( A)- Fe(B) interaction. 

The increase of (x2 ) on increasing the Cd-concentration can be due to the increase of 
spacing of the B-site when it is distorted by the introduction of Cd2+ ions (radius 0.973 A) 
in the nearest neighbour A-sites. Consequently the decrease in the values off and On on 
increasing the Cd-concentration. 
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