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Complex spin glass behavior is found to be present in a spinel system Ga0.8Fe0.2NiCrO4 where the cations
occupy two different sites, namely the tetrahedrally coordinated A site and the octahedrally coordinated B site.
The complex findings include anomalous timestd variations of isothermal remanent magnetizationsIRMd,
thermoremanent magnetizationsTRMd, zero field cooled magnetizationfMsZFCdg, and field cooled magneti-
zationfMsFCdg. Surprising results, like MsFCd,MsZFCd, MsFCd decreasing and changing faster than a slow
increasing MsZFCd with t, the MsFCd, MsZFCd not moving si.e., not changing withtd toward a common
equilibrium value,Meq, and the IRM, TRM increasing witht, also exist for certainH sexternal magnetic fieldd,
T stemperatured, t values. We have tried to understand the above and other observed results on the basis of the
possible separate time behaviors of the A- and B-site magnetizations in the system.
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I. INTRODUCTION

We report here anomalous timestd dependencies of iso-
thermal remanent magnetizationsIRMd, thermoremanent
magnetizationsTRMd, zero field cooledsZFCd magnetization
fMsZFCdg, and field cooledsFCd magnetizationfMsFCdg in a
spinel spin glasssSGd GaxFe1−xNiCrO4 sx=0.8d. Some of
these dependencies look too abnormal when compared with
the results existing in the literature. A SG system has many
ground states and it drifts witht from one ground statefone
possible arrangementspatternd of randomly frozensSG fro-
zend momentsg to the other while attempting to reach some
equilibrium ground statesGSd. It is this drift which is respon-
sible for thet dependence of variousM, Mr smagnetizations
or what may also be called as normal magnetizationsd and
remanent magnetizationsfi.e., MsZFCd, MsFCd, IRM,
TRMgd.1–3 Normally in a SG system, MsFCd has very slow
variation, generally increasing, witht, as it is supposed to be
near the system’s equilibrium GS magnetization,Meq, and
MsZFCd f,MsFCdg increases at a faster rate toward MsFCd
fi.e.,Meqg. On the other hand IRM, TRM decay witht, which
looks natural as, unlike MsZFCd, MsFCd case, the external
magnetic field,H, =0 there.1–8 However in the present sys-
tem, i.e., spinel ferrite Ga0.8Fe0.2NiCrO4, to our surprise we
find results, like MsFCd,MsZFCd and IRM, TRM increas-
ing with t seven thoughH=0d, which look highly puzzling at
first sight. These results areH, T stemperatured, t dependent
and in the following sections we describe the details. The
system withx=0.8 has been chosen for the study as its SG
transition temperatures are in a convenientT range. Even
though the SG nature of spinel ferrites is known,9,10 their M,
Mr − t behaviors have systematically not been investigated.
Therefore the important results reported in the present work
have remained unobserved so far. The present study thus
adds to the physics of spinel ferrites, which are an important
class of compounds, and provides an advancement to the
understanding of their magnetism. It also shows that great
care should be taken in interpreting any of their properties

which could be influenced by their magnetism, like transport
properties. We studied the present system after observing, in
a recent study,1 an oscillatory MsFCd vs t and a maximum in
MsZFCd vs t in a crystallographically anisotropicsortho-
rhombicd SG pseudobrookitesFe2TiO5d. We have explained
those results on the basis of the two site occupancy of cations
in pseudobrookite.1 Similar to pseudobrookite, the present
system is also a two site system. However whereas in
pseudobrookite the crystallographicc axis provides the quan-
tization szd direction due to crystal field anisotropy, in the
present crystallographically isotropicscubicd system, Weiss
field, HW, provides the quantization direction. This, as dis-
cussed later, gives rise to additional anomalies in the present
system’s behavior.

II. EXPERIMENT

The system GaxFe1−xNiCrO4 was prepared by the conven-
tional ceramic technique. High purity oxides NiO, Cr2O3,
Fe2O3, and Ga2O3, intimately mixed in molar proportions,
were wet ground. These mixtures, in powder form, were
pressed into circular pellets and fired at 1000 °C for 35 h in
a muffle furnace. The pellets were furnace cooled, ground
into fine powder, repelletized and refired at 1300 °C for
10 h. The above-mentioned sequence was repeated and final
sintering was carried out at 1400 °C for 20 h. The pellets
were furnace cooled and used as powder samples.

X-ray powder diffraction patterns were recorded using Ni-
filtered CuKa radiationsl=1.5405 Åd. The observed peaks
were well defined and could be indexed in terms of a single
phase cubic spinel structure. The lattice parameter,a, was
found to decrease linearly withx, beinga=8.275±0.005 Å
for x=0.8. In the following descriptions, we are concerned
only with x=0.8 system. The spinel crystal structure has two
cation sites with tetrahedralsA-sited and octahedralsB-sited
oxygen coordinations.11,12On the basis of the site preference
energy of the individual cations,11,13 the expected cation dis-
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tribution for the studied system is sGa0.8
3+Fe0.2

3+dA

fNi2+Cr3+gBO4. Our x-ray intensity and Mössbauer spectros-
copy measurements confirm this cation distribution for the
system. The x-ray intensity data were obtained both from the
area under the peaks and by a pulse counting technique with
a slow scanning speed. The presence of Ga3+ at the A site
was confirmed by comparing the observed and calculated
intensity ratioss220d / s440d ands422d / s440d.11,14 Mössbauer
spectra were recorded in a transmission geometry at different
temperatures withH=0, 12, and 40 kOe. They show A-site
location of Fe3+ ions with MA ,MB and no canting of mo-
ments on A sitesMA, MB=A-site, B-site magnetizationd. ac
susceptibilitysxacd andM, Mr measurements were made us-
ing a commercial ac susceptometerf21 Hz, 0.5 Oesrmsd ac
fieldg and vibrating sample magnetometer. The MsZFCd
value obtained at high Hs,55 kOed was used to calculate
the magnetic moment per formula unit,nB,11 which showed a

canting of moments at B site with average canting angle,ūB,
equal to 65° at 4.2 K and 70° at 50 K.

III. RESULTS AND DISCUSSION

Frustrationfsimultaneous presence of competingsoppo-
sited instructions at a spin site concerning its orientation di-
rectiong and disorderfrandom distribution of cationssmag-
netic and diamagnetic ionsd in the latticeg are the basic
requirements for a SG system. In a spinel ferrite this require-
ment gets satisfied in the following manner. There are three
exchange interactions present in a spinel lattice,JAA sbe-
tween A site ionsd, JBB sbetween B site ionsd, andJAB sbe-
tween A and B site ionsd. All the three exchange interactions
are negative, which makesJAB competitive toJBB, JAA. Thus
the orientation instruction ofJAB to a spin is opposite to that
of JBB or JAA. However, generallyJAB @JBB, JAA sRefs. 11
and 12d which causes antiparallel alignment of A-, B-site
momentssferrimagnetic orderingd. A SG freezingsrandom
direction alignment of momentsd occurs when diamagnetic
ions are present in the lattice and magnetic and diamagnetic
ions are randomly distributed. This happens in
sGa0.8Fe0.2dAfNiCrgBO4 where Fe3+ fSFe3+ sFe3+ spin valued
=5/2g and diamagnetic Ga3+ sSGa3+=0d are randomly distrib-
uted on A site and magnetic ions with dissimilar moments,
Ni2+ sSNi2+=1d and Cr3+ sSCr3+=3/2d, are randomly distrib-
uted on B site. Such a random distribution makesJAB com-
parable toJBB, JAA and the resultant spin direction different
at different sites10 causing SG freezing of moments. How-
ever SG freezing occurs via cluster formation15 and there are
four transition temperatures, namelyTCF, TC, TM1 andTM2;
normallyTCF.TC.TM1.TM2, but near the tricritical point,
TC, TM1 may be quite close. This is so-called reentrant SG
behavior.15 As one cools the lattice, atTCF magnetic clusters
are formed in the material’s otherwise paramagnetic state.
The magnetic ordering inside the clusters is ferrimagnetic
and they remain uncoupled from each other untilTC is
reached. Assigning a spinScl to a cluster, atTC the z com-
ponent ofScl, sScldz, of all clusters get magnetically ordered
and thex, y components,sScldx, sScldy, average out to zero;
TC=system’s ferrimagnetic Curie temperature. On further

cooling, atTM1 sScldz remain magnetically ordered butsScldx,
sScldy freeze in SG configurationsrandom direction pointing
on the averaged. Finally atTM2, all three components,sScldz,
sScldx, sScldy, get randomly frozen in SG configuration. Figure
1 shows these transitions clearly for Ga0.8Fe0.2NiCrO4.
Curves a, b in Fig. 1sAd show the magnetic irreversibility,
M irr, behavior. For doingM irr fbranching of ZFCsad -FC sbd
curvesg measurement, sample is zero fieldsH=0d cooled
from room temperaturesRTd fi.e., from aboveTCF swhich is
,170 K as discussed in the followingdg to the required tem-
peratures4.2 Kd and a desired field Hs70 Oed applied there
and thenM vs T recorded, withH present, up to RT. This is
ZFC curvefcurve a; MsZFCd vs T curveg. With the sameH
present, the sample is then field cooled from RT to 4.2 K and
M vs T recorded withH present andT increasing. This is FC

FIG. 1. sAd TemperaturesTd dependence of magnetizationsMd
recorded using external magnetic fieldH=70 Oe. Curve afbg there,
and also in inset, belongs to the zero field cooledsZFCd ffield
cooledsFCdg case. The inset showsT dependence ofM srecorded
using H=40 kOed and of ac susceptibilitysxacd. The horizontal
sverticald arrows there, and also insBd, indicate they sxd axes to
which the curves belong. Thexac–T curve has been recorded for
ZFC sample, andH=0 during measurement.sBd M –H variation
recorded atT=150 K scurve ad and 300 Kscurve bd. Insetsad fsbdg
shows hysteresis curve recorded at 4.2 Kf50 Kg and inset scd
shows 50 K hysteresis curve’s central portion; the hysteresis loop’s
branch numbers are marked there. All the curves insBd have been
recorded for ZFC sample.
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curvescurve b; MsFCd vs T curved. It is seen from the curves
a, b, that as the lattice cools, we getTC,110 K swhereM
starts increasingd, TM1,85 K fwhere M irr sa–b curve
branchingd startsg and TM2,30 K sbelow which M irr be-
comes strongd. Such a behavior has been seen in other SG
systems also. Curve c in Fig. 1sAd inset showsxac vs T and
the TM1, TM2 peaks are clearly seen there; theTC peak is
merged with theTM1 peak’s high temperature tail.5 It may be
noted that theTM1, TM2 peak positions, and also to some
extent theTC peak position, get affected byH and therefore
their values may not be identical inxac and low fieldM, vsT,
data. At highH, SG transition temperatures change signifi-
cantly. Curves a, b in Fig. 1sAd inset are MsZFCd, MsFCd vs
T curves recorded usingH=40 kOe and we see from them
that TM1 has decreased to,65 K; theTC andTM2 cannot be
determined there owing to monotonic increase ofM with T.
The M –T, H behavior of Fig. 1sAd is similar to what has
been seen in pseudobrookite1 and other SG systems4,5 but
M irr behavior using a field as high as 40 kOe has not been
investigated there.

Below TC s,110 Kd, the M –H curves show magnetic
hysteresis. Figure 1sBd shows typical hysteresis curves re-
corded at 4.2 Kfinset sadg and 50 K finset sbdg. The 50 K

hysteresis curve has very small loopwidth and insetscd gives
an enlarged view of its central portion showing a loopwidth
of ,50 Oe. AboveTC, magnetic hysteresis is not observed
but the M –H variation is nonlinear. Figure 1sBd curve a
shows a typical nonlinearM –H curve recorded at 150 K.
This nonlinearity is found to persist up to,170 K above
which linear M –H curves are obtained; for instance Fig.
1sBd curve b shows a typical linearM –H curve recorded at
300 K sRTd. The nonlinearM –H variation, without any hys-
teresis, indicates the presence of uncoupled magnetic
clusters15 in the TC,T,170 K range givingTCF,170 K.
Above TCF, clusters are absent and the system is truly para-
magnetic as is shown by the linearM –H variation. Möss-
bauer measurements too show the presence of magnetic
clusters below,170 K and their absence above that tem-
perature.

Thus the Fig. 1 results are able to show all the four tran-
sition temperatures, viz.TCF, TC, TM1, andTM2. TheTC, TM1,
andTM2 transitions are seen more conspicuously in Fig. 2 in
IRM, TRM vs T measurements. For the IRM measurement,
the sample is zero field cooled from RT to 4.2 K whereH is

FIG. 2. TemperaturesTd variation of isothermal remanent mag-
netization sIRMd and thermoremanent magnetizationsTRMd, re-
corded usingH sexternal fieldd =40 kOe scurves ad and 70 Oe
scurves bd. Horizontal arrows indicate they axes to which the
curves belong and for these measurements, H has been applied and
removed in the desired way as described in the text. The IRM,
TRM-T data recorded usingH=20 kOe are similar in nature to the
40 kOe data.

FIG. 3. Isothermal remanent magnetizationsIRMd and ther-
moremanent magnetizationsTRMd recorded as a function of time
std using Hsexternal fieldd =70 Oe atT=50 K scurves ad and 4.2 K
scurves bd. Horizontal fverticalg arrows indicate they fxg axes to
which the curves belong. For these measurements,H has been ap-
plied and removed in the desired way as described in the text. The
above description is valid for the main figuresfsad andsbdg and also
for their insets which show enlarged view of some portions of the
main figures’ curves.
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applied and removed. The remanent magnetization, IRM, vs
T is then recorded. For the TRM measurement, the sample is
field cooled inH from RT to 4.2 K whereH is removed and
remanent magnetizationsTRMd vs T measured. Figure 2sad
f2sbdg shows IRMfTRMg vs T variation forH=70 Oescurve
bd and 40 kOescurve ad. In all the curves, a change of slope
is seen at the transition temperaturessTC, TM1, TM2d. How-
ever these changes are sharper in curves asH=40 kOed and

the TM2 transition is seen spectacularly there. This spectacu-
lar slope change is similar to what we have seen in pseudo-
brookite SG.1 It may be noted that the IRM, TRM vsT
measurements provide unshiftedsH=0d values of the transi-
tion temperatures.

Having seen the SG nature of the system and obtained its
transition temperatures, we now show some very surprising
time dependencies of its magnetizations. These measure-

FIG. 4. Timestd dependence of isothermal remanent magnetizationsIRMd and thermoremanent magnetizationsTRMd usingH sexternal
fieldd =40 kOe atT=50 K scurves ad and 4.2 Kscurves bd. Horizontalfverticalg arrows indicatey fxg axes to which the curves belong. For
these measurements,H has been applied and removed in the desired way as described in the text. The above description is valid for the main
figuresfFig. sad, Fig. sbdg, Fig. sad inset sid and Fig.sbd inset. Data recorded usingH=20 kOe, 10 kOe are similar in nature to the 40 kOe
data. Insetsid of Fig. 4sad and Fig. 4sbd shows enlarged view of some portions of the main figures’ curves. Insetsii d of Fig. 4sad shows TRM
vs t curve recorded at 4.2 K usingH=40 kOe butH applied at 115 Ksjust aboveTCd, for sample field cooling, and not at room temperature
sRTd as has been done for all other TRM vst curves of Figs. 3 and 4. Details are discussed in the text.
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ments have been made atT=4.2 K sT,TM2d and 50 K
sTM2,T,TM1d. Figure 3 shows the IRM, TRM vst for H
=70 Oe. As above, for the IRMfTRMg measurement, the
sample is ZFCfFC in Hg from RT to the measurement tem-
perature,Tm, s4.2 or 50 Kd and H applied and removedfH
removedg at that temperature before recording IRMfTRMg
vs t. As seen in Fig. 3, both IRM and TRM show a decrease
with t, normally a fast initial decrease followed by a slow
decrease. However this is not the case when the above data
are recorded forH=40 kOesFig. 4d. In Fig. 4 whereas the
4.2 K behavior is similar to what is seen in Fig. 3, at 50 K
both IRM and TRM show an initial decrease followed by an
increase witht. This increase is surprising for a remanent
magnetization whereH=0 during measurement. Such a be-
havior, to our knowledge, has not been reported before. We
have tried to understand these results on the basis of the two
site sA-, B-sited occupancy of cations in the spinel lattice,
where the magnetizations of the two sites,MA and MB, are
antiparallel. Thus there will be two remanent magnetizations,
MrA and MrB, corresponding to A and B sites, respectively,
with MrB.MrA since, as stated before,MB.MA. Therefore
the observed remanent magnetization,Mr, is given by,Mr
=MrB−MrA whereMr represents IRM or TRM. As the lattice
is SG frozen at 4.2, 50 K, theMrA, MrB can have compli-
catedt dependencies like exponential or algebraic or loga-
rithmic or stretched exponential or a combination of these.1

ThereforeMr vs t can be quite complex. AssumingMrA, MrB
vs t curves to be exponential, having their own initial values
and decay rates, andMr =MrB−MrA, in Fig. 5 we have
shown some possible, computed,t variations ofMr. For in-
stance, in Fig. 5sAd the curve cfc8g shows a situation where
Mr decreasesfincreasesg with t and the correspondingMrB,
MrA vs t variations are shown by the curves a, bfa8 ,b8g,
respectively. Similarly in Fig. 5sBd, curve c shows a situation
whereMr is t independent and c8 whereMr shows an initial
decrease and then an increase witht. The correspondingMrB,
MrA vs t variations are given there by the curves a, bsfor
curve cd and a8 ,b8 sfor curve c8d. These computed variations
match with the results of Figs. 3 and 4. Thus the surprising
result of IRM, TRM increasing witht seems to be a conse-
quence of the differentt behaviors ofMrA, MrB fi.e. sIRMdA,
sIRMdB or sTRMdA, sTRMdBg. Mathematically, for exponen-
tial t dependencies forMrA, MrB, we have

Mrstd = MrBstd − MrAstd = MrBs0de−lBt − MrAs0de−lAt,

s1d

whereMrAs0d, MrBs0d are thet=0 values ofMrA, MrB and
lA, lB, respectively, represent the decay rates ofMrA, MrB.
The differentt behaviors ofMrA, MrB arise due to a differ-
ence in thelA, lB values. This difference is physically pos-
sible for a spinel lattice owing to the different nearest neigh-
bor snnd cation environments for A and B sites, which makes
the two sites magnetically inequivalent, and any weak A–B
coupling, which augments the independence of A, B site be-
haviors. In a spinel lattice, an A site cation has 12 B site
cations as nearest neighborssnnsd and a B site cation has 6 A
site and 6 B site cations as nns.11,12 Further the weakness of
A–B coupling in Ga0.8Fe0.2NiCrO4 is brought out by the

presence of B-site cantingslarge ūBd in the system.16,17 It
may be noted that a time dependentlA, lB can makeMr vs
t oscillatory in nature. Such is found to be the case with
MsZFCd, MsFCd vs t, described in the following, for certain
H, T, where fMsZFCdgA, fMsZFCdgB and fMsFCdgA,
fMsFCdgB growth rates become time dependent. It may be
noted that Fig. 4sad curve b scalled curve Id and Fig. 4sad
insetsii d curvescalled curve IId have been recorded in iden-
tical conditions except that for curve I, like all other TRM
curves of Figs. 3 and 4, sample was field cooled from RT
whereas for curve II, the sample has been field cooled from
115 K si.e., from just aboveTCd. As seen there, the initial
sharp fall of curve I is absent in curve II. Similarly the
curves’ nature also depended on the waiting timetw, before
H is applied after zero field cooling, and the cooling rate
used in ZFC, FC measurements. These parameters have been

FIG. 5. Typical timestd variation of remanent magnetization
sMrd, computed for various possible time behaviors of A- and B-
site remanent magnetizationssMrA and MrBd. For these computa-
tions, MrA, MrB vs t curves have been assumed to be exponential,
having their own initial values and decay rates, andMr =MrB

−MrA. Details are described in the text.
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kept uniform in all our measurements reported here to facili-
tate the curves’ comparison.

Figures 6 and 7 show the MsZFCd, MsFCd vs t behaviors
at 4.2, 50 K forH=70 Oe, 40 kOe. For the MsZFCd fMsFCdg
measurement, the sample is zero field cooledffield cooled in
Hg from RT toTm s4.2 or 50 Kd andH appliedfnot removedg
there. With H present, MsZFCd fMsFCdg vs t is recorded.
Several types oft variations are seen in Figs. 6 and 7, likeM
vs t almost constantst independentd, increasing, increasing
and then decreasing or vice versa, and oscillating; hereM
means MsZFCd or MsFCd. As in pseudobrookite case,1 we
can write

Mstd = MBstd − MAstd

= fMBs`d − MAs`dg − fMBs`d − MBs0dge−zBt

+ fMAs`d − MAs0dge−zAt, s2d

whereMBs0d, MAs0d and MBs`d, MAs`d are thet=0 andt
=` values ofMB, MA; MB is fMsZFCdgB, fMsFCdgB andMA
is fMsZFCdgA, fMsFCdgA. zB, zA, respectively, represent the
growth rate ofMB andMA. Thus, as in the case ofMr sFig.
5d, differentzA, zB values can produce the results of Figs. 6
and 7.1 VariouszA, zB values will occur depending onH, T
and cooling conditionssZFC or FCd and likelA, lB, differ-
ence inzA, zB values is physically possible. As explained in
Ref. 1, an oscillatoryM vs t arises due to at dependentzA,
zB i.e., at dependent drift rate when the SG system drifts, as
mentioned before, among its various ground states. IfDB is
the energy barrier separating two ground states, then the drift
rate, and alsozA, zB, will depend onDB/kT.1 When DB
,kT, any small difference inDB seen by the drifting system,
when it moves from one GS to the other, is felt by the system
making DB/kT, and so the drift ratesi.e., zA, zBd, t depen-
dent. In the case of pseudobrookite, such a situation occurred

FIG. 6. Variations of zero field
cooled magnetization, MsZFCd,
and field cooled magnetization,
MsFCd, with time std, recorded us-
ing H sexternal fieldd =70 Oe at
T=50 K scurves ad and 4.2 K
scurves bd. Horizontal fverticalg
arrows indicate y fxg axes to
which the curves belong. For
these measurements,H has been
applied in the desired way as de-
scribed in the text. The above de-
scription is valid for the main fig-
uresfsad and sbdg and also for the
inset to sad which shows an en-
larged view of a portion of curve a
of sad.
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at 4.2 K.1 However in the present system, this situationsi.e.,
oscillatory behaviord is existing both at 4.2 and 50 KsFigs. 6
and 7d. This means thatDB,kT both at 4.2 and 50 K in
presence ofH. In the present system at 50 K, as discussed
before, longitudinal magnetic orderingfsScldz orderingg is
present sinceTM2,50 K,TM1. This provides anisotropy,
for spin reorientation, which enhancesDB by adding to sys-
tem’s disorder induced exchange anisotropy. The presence of
H further enhancesDB by providing its own preferential di-
rection for any spin orientation drift. This makesDB,kT at
50 K. When the system is cooled to 4.2 K, bothDB andkT
decrease;DB decreases owing to the absence of preferential
longitudinal fsScldzg ordering direction at 4.2 K as 4.2 K
,TM2. This seems to be makingDB,kT at 4.2 K also. In

pseudobrookite,1 DB,kT at 4.2 K and,kT at 30 K. This is
because at 30 K thoughkT has increased,DB has not owing
to the absence ofsScldz ordering at 30 K. In pseudobrookite,1

SG freezing is governed by the crystal field anisotropy and at
30 K, a-, b-axis spin components are paramagnetic and
c-axis component is frozen in a random way;a,b ,c
=crystal axes. Thus there is no preferential magnetic order-
ing direction of any kind at 30 K. Another strange looking
result is seen in Fig. 7sbd inset sii d where 50 K MsZFCd,
MsFCd vs t curves are plotted together. As seen there,sid
MsFCd fcurve a8g is changing faster than MsZFCd fcurve b8g
after a certaint, sii d MsFCd,MsZFCd after certaint, and
siii d MsZFCd, MsFCd do not seem to be drifting toward a
commonMeq as t→`. Similar results are seen at 4.2 K also

FIG. 7. Time std dependence
of zero field cooled magnetiza-
tion, MsZFCd, and field cooled
magnetization, MsFCd, recorded
using H sexternal fieldd =40 kOe
at T=50 K scurves ad and 4.2 K
scurves bd. Horizontal fverticalg
arrows indicate y fxg axes to
which the curves belong. For
these measurements,H has been
applied in the desired way as de-
scribed in the text. The above de-
scription is valid for the main fig-
ures fsad and sbdg and also the
inset to sad and inset sid of sbd
which show enlarged view of
some portions of the main figures’
curves. In insetsii d to sbd curve a8
is actually curve a ofsad inset and
curve b8 is curve a ofsbd insetsid.
These sa8 ,b8d curves have been
put together for comparison. De-
tails are described in the text.
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fFigs. 7sad and 7sbdg. All these resultsfsid, sii d, siii dg look
abnormal as they are opposite to what is observed in a nor-
mal SG system. However we can understand these results by
realizing that for our system, MsFCd=fMsFCdgB-fMsFCdgA

and MsZFCd=fMsZFCdgB-fMsZFCdgA. Thus even though
fMsFCdgA,B and fMsZFCdgA,B may be behaving in a normal
way, i.e., fMsFCdgA,B . fMsZFCdgA,B, fMsFCdgA,B having
slow t variation andfMsZFCdgA,B increasing at a faster rate
toward fMsFCdgA,B, this need not be the case with
fMsFCdgB-fMsFCdgA and fMsZFCdgB-fMsZFCdgA which we
actually measure. They can have any variation, especially at
largeH, like 40 kOe, wherefMsZFCdgA,B is expected to be
comparable tofMsFCdgA,B ssince larger theH, closer are the
MsFCd, MsZFCd values in a normal SG systemd. Thus
depending on the fMsFCdgA, fMsFCdgB, fMsZFCdgA,
fMsZFCdgB growth rates, all the Fig. 7sbd inset sii d results
can be theoretically reproduced. These results indicate the

extent to which the time behavior of a SG system can be
complex.

IV. CONCLUDING REMARKS

To summarize, we find surprising time behaviors for the
spinel spin glass Ga0.8Fe0.2NiCrO4. This is a two site system
where the cations are distributed on two sites, A and B, in the
lattice. The observed abnormal looking results have been un-
derstood on the basis of the separate A-, B-site time behav-
iors. These results and their understandings add to our
knowledge of spinel ferrite physics and are significant as the
spinel ferrites, along with garnets, form an important class of
magnetic compounds.9–14,17 They also show that great care
must be taken while interpreting thet behaviors of certain
SG systems, like say high-Tc superconducting SG
systems,15,18 which could have more than one cation site in
their lattice;Tc=critical temperature.
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