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Abstract. 'I'he magnetic propertiea of system CoGaz-.Pe.O4 (z=O.l,0.2,0.3,04,0.5,0.8, 1) with spinel structure 
were investigated by means of dc susceptibility and dc magnetization measuremente in magnetic fields 1-12kOe as 
well aa by means of Mossbauer effect. The results of mlyrnetic memurements show that compounds with 0.1 < z 
0.5 exhibit features typical for spin glasses and ones with 1 ~ 0 . 8  and 1 have a ferromagnetic ordering. The compounds 
with x=0.8 and L exhibit relaxation behaviour in their Mossbauer spectra. 

It is well known that, trpinels arc good candidates for spin glass behaviour because of the different types of disorder 
and frustration that may be present in their lattices [L]. In this paper we report results of magnetic (dc susceptibility 
and dc magnetization) and Mossbauer measurements of polycrystalline compounds CoGaz-.Fe,04 (x=0.1, 0.2, 0.3, 
04, 0.5, 0.8, 1 )  with spinel structure [ZI.Tha neutron diffraction and low fieId susceptibility meaaurements showed 
that spinel CoGaa04 exhibited spin glass behaviour due to the competing int;eractions between Coa+ ions occuping 
tetrahedral (A) and octahedral (B) sites [31. 

DC magnetization measurements were performed in the temperature range 4.2 K < T 5 300 K using a Dominic&- 
type pendulum magnetometer. DC susceptibility meaanrements in the 4.2 K( T (600 K were camed out wing a 
Faraday method. The applied fields used in these magnetic memurements are 1-12kOe. The Mossbauer experiment 
waa made using a gammitspectrometer working in a regime of constant veIocity.The source used was 5 7 ~ o  in stainless 
steel. 
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Figure 1. a)Tcmpcrature dependence of dc susceptiblity (zfc-closed squares and fc-open squares) of CoGap-,FeaO* with 
c z 0 . 2  and 0.5 measured in field IkOe. The inset show temperature dependence of the inversesusceptibility for zs0.8 and 1. 
b)Ternperaturc dependence of the dc magnetization of CoCaz-,Fe,Od with z=0.1,0.3,0.5, 0.8, and 1 measured in field 10.8kOe. 

In Figure l(o) the tcmperatnre dependcncc of magnetic susccptibiiity of samples with concentration t=0.2 and 
0.5 is shown. The samples were firat cooled in zero fieId down to 4.2K. I'he field was applied and the measurements 
taken with increasing tcmpcraturc (zfc curve), Then the samples wcrc cooled again in a. constant field and a new set 
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of measurements done with decreasing temperature (fc curve). DC susceptibility measnrements made after cooIing 
the samples in zero field (zfc) indicate the presence of anomaly at temperatures 26K and 32K in the x=0.2 and 
0.5 respectively. The shape of ~ f c  curve and fc curve is indicative of spin glass like behavionr for these samples. 
Note that the values of the paramagnetic Curie temperatnre are positive @=102K and @=161K for xz0.2 and x=0.5 
respectively. Such SGlike behavionr was observed also for sampIes with x=O.l, 0.3 and 0.4. The momaly observed 
on the temperature dependence of dc magnetbation after cooling in zero feid of samples with 0.15 x s0.5 (Figure 
l(b)) confirm spin glass behaviour. 

The results of magnetic measurements here reported indicate two type of magnetic behaviour depending on the 
sample composition. The curves of temperatnre dependence of inverse magnetic susceptibility (the valnea of @ are pos- 
itive 8=315K, @=380 for zz0.8 and 1 respectively) (inset.Fignre ~ ( a ) )  and magnetization (ETgnre.l(b)) are indicative 
of the presence of ferromagnetic ordering in the samples with x=0.8 and 1 (To - 285K and Tc -335K for x=0.8 and 
1). The field dependence of magnetization measured on these samples up to 12.2kOe at temperature 4.2K (Figure 
2(a)) shows that the behaviour of the curves are different above and below the concentration x=0.5. 
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Figure 2. afField dependence of t he  magnetization of CoGa2-.Fe.O, with -0.1, 0.3, 0.4,0.8 and I at T=4.2K. b)Mossbauer 
spectra of CoGa~.~Feo,sQ in temperature range 5K ( T 529SK. 

Figure 2(b) shows the Mossbauer spectra of C O G ~ ~ . ~ F ~ ~ . ~ O ~  and in temperature range 5K 5 T 5 295K. The 
Mossbauer spectra in this range have the features characteristic for relaxation effects l4,5]. The relaxation effects 
are aho observed in the Mossbnner spears, sample with x=l [6]. The values of isomer shift 6 s~ 0.5 f 0.03mm/s 
determined from the Mossbauer spectra at  room temperature are typicd for Fe3+. The phaae tranaition temperatnre 
determined from the Mossbauer measurements for xe0.8 is 225K. There is a large difference between phase transition 
temperature determined by m e w  of mnag~tetic H J I ~  Moeabauer rneiianrements for x d . 8 ,  Tc - 285K and Tc - 225K 
respectively. This large difference can be related to different time scale measurements. 

Thus magnetic measurements show that samples with concentration x 50.5 are good candidates to exhibit spin 
glass behavionr. The relaxation effects observed in the Mossbauer spectra of samples with x=0,8 and 1 indicate the 
presence of the spin ffuctuations. 

The authors are grateful to Prof. Yu.M.Seidov (IPASA Baku) and Dr. V.Ponamarchuk (ILTPE K6arkov) for usefd 
discnssions. 
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