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Anomalous time behaviors of remanent and normal magnetizations
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Complex spin glass behavior is found to be present in a spinel systgrF&aNiCrO, where the cations
occupy two different sites, namely the tetrahedrally coordinated A site and the octahedrally coordinated B site.
The complex findings include anomalous tir(t¢ variations of isothermal remanent magnetizat{tRM),
thermoremanent magnetizati6hiRM), zero field cooled magnetizatidiM(ZFC)], and field cooled magneti-
zation[M(FC)]. Surprising results, like MC) <M(ZFC), M(FC) decreasing and changing faster than a slow
increasing MZFC) with t, the M(FC), M(ZFC) not moving (i.e., not changing witht) toward a common
equilibrium value M, and the IRM, TRM increasing with also exist for certaii (external magnetic fie)d
T (temperaturg 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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[. INTRODUCTION which could be influenced by their magnetism, like transport

, ) i properties. We studied the present system after observing, in
We report here anomalous tintg dependencies of iso- 3 recent study,an oscillatory MFC) vs t and a maximum in

thermal remanent magnetizatioiRM), thermoremanent M(ZFC) vs t in a crystallographically anisotropiéortho-

magnetizatior(TRM), zero field coolecﬂZFC_) magnetizgtion rhombid SG pseudobrookitéFe,TiOs). We have explained
[M(zFC)], and field cooledFC) mggneuzagor[M(FC)] INa  those results on the basis of the two site occupancy of cations
spinel spin glassSG GaFe,NICrO, (x=0.8. Some of  j, hseydobrookitd. Similar to pseudobrookite, the present
these dependencies look too abnormal when compared W"ﬁ/stem is also a two site system. However whereas in

the results existing in the literature. A SG system has Manyseudobrookite the crystallographi@xis provides the quan-
ground states and it drifts withfrom one ground statfone zation (z) direction due to crystal field anisotropy, in the
possible arrangemerpattern of randomly frozen(SG fro-  reqent crystallographically isotropicubic) system, Weiss
zen moments to the other while attempting to reach some fie|q 1. provides the quantization direction. This, as dis-

equilibrium ground stateG9). Itis this drift which is respon- ¢ sseq Jater, gives rise to additional anomalies in the present
sible for thet dependence of varioud, M, (magnetizations system's behavior.

or what may also be called as normal magnetizajiamsl
remanent magnetizationgi.e., M(ZFC), M(FC), IRM,
TRM]).1=3 Normally in a SG system, KFC) has very slow
variation, generally increasing, withas it is supposed to be
near the system’s equilibrium GS magnetizatitfy, and The system Ggre,_,NiCrO, was prepared by the conven-
M(ZFC) [<M(FC)] increases at a faster rate towardR®) tional ceramic technique. High purity oxides NiO,,O%,
[i.e.,M¢gl. On the other hand IRM, TRM decay withwhich ~ Fe,03, and GaOg, intimately mixed in molar proportions,
looks natural as, unlike FC), M(FC) case, the external were wet ground. These mixtures, in powder form, were
magnetic fieldH, =0 there!~® However in the present sys- pressed into circular pellets and fired at 1000 °C for 35 h in
tem, i.e., spinel ferrite GgFe,-NiCrO,, to our surprise we a muffle furnace. The pellets were furnace cooled, ground
find results, like MFC)<M(ZFC) and IRM, TRM increas- into fine powder, repelletized and refired at 1300 °C for
ing with t (even thoughH=0), which look highly puzzling at 10 h. The above-mentioned sequence was repeated and final
first sight. These results ak, T (temperaturg t dependent sintering was carried out at 1400 °C for 20 h. The pellets
and in the following sections we describe the details. Thevere furnace cooled and used as powder samples.

system withx=0.8 has been chosen for the study as its SG X-ray powder diffraction patterns were recorded using Ni-
transition temperatures are in a conveni@ntange. Even filtered CuK, radiation(A=1.5405 A. The observed peaks
though the SG nature of spinel ferrites is knoWfitheirM,  were well defined and could be indexed in terms of a single
M, -t behaviors have systematically not been investigatedphase cubic spinel structure. The lattice parameternas
Therefore the important results reported in the present workound to decrease linearly witk, beinga=8.275+0.005 A
have remained unobserved so far. The present study thdsr x=0.8. In the following descriptions, we are concerned
adds to the physics of spinel ferrites, which are an importanonly with x=0.8 system. The spinel crystal structure has two
class of compounds, and provides an advancement to thmtion sites with tetrahedr&A-site) and octahedra(B-site)
understanding of their magnetism. It also shows that greabtxygen coordinationt-*?>On the basis of the site preference
care should be taken in interpreting any of their propertiesnergy of the individual cationd;'3the expected cation dis-

Il. EXPERIMENT
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tribution for the studied system is(GgFeH)a
[Ni?*Cr¥*]g0,. Our x-ray intensity and Mossbauer 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 wit
a slow scanning speed. The presence of*Ga the A site
was confirmed by comparing the observed and calculatecs,
intensity ratios(220)/ (440 and(422)/(440).*11*Mossbauer =
spectra were recorded in a transmission geometry at differen
temperatures witiH=0, 12, and 40 kOe. They show A-site

mu/g]

4.2

2.8

1.4

PHYSICAL REVIEW B71, 174429(2009

Xge [arbitrary units]

s
&

N
3

I

B
S

a

0

T[K]
20 40 60
A Rand'

80 100 120
T T T

(A)

location of F&€* ions with M, <Mg and no canting of mo-
ments on A sitgM,, Mg=A-site, B-site magnetizationac
susceptibility(y,9) andM, M, measurements were made us-
ing a commercial ac susceptomef2d Hz, 0.5 Ogrms) ac
field] and vibrating sample magnetometer. TheZIFC)
value obtained at high H~55 kOe was used to calculate
the magnetic moment per formula unig,'* which showed a

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

Ill. RESULTS AND DISCUSSION

Frustration[simultaneous presence of competif@ppo-
site) instructions at a spin site concerning its orientation di-
rection] and disordefrandom distribution of cationémag-
netic and diamagnetic iohsn the latticd are the basic

requirements for a SG system. In a spinel ferrite this require-
ment gets satisfied in the following manner. There are three 6 s

exchange interactions present in a spinel lattitg, (be-
tween A site iong Jgg (between B site ions and Jag (be-
tween A and B site ionsAll the three exchange interactions
are negative, which makegg competitive talgg, Jaa. Thus
the orientation instruction af,g to a spin is opposite to that
of Jgg Or Jaa. However, generallyag > Jgg, Jaa (Refs. 11
and 12 which causes antiparallel alignment of A-, B-site
moments(ferrimagnetic ordering A SG freezing(random
direction alignment of momentoccurs when diamagnetic

ions are present in the lattice and magnetic and diamagnet

ions are randomly distributed. This happens in
(Gay gFey 2 A[NICr]gO, Where Fé* [Sce+ (FE* spin valug

=5/2] and diamagnetic G4 (Sgzs+=0) are randomly distrib-
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FIG. 1. (A) TemperaturdT) dependence of magnetizati¢kl)
recorded using external magnetic figdd=70 Oe. Curve @b] there,
and also in inset, belongs to the zero field cool&#C) [field
cooled (FC)] case. The inset showk dependence ol (recorded
using H=40 kOg¢ and of ac susceptibility(y,o. The horizontal
(vertica) arrows there, and also iB), indicate they (x) axes to

which the curves belong. The,—T curve has been recorded for

'ZCFC sample, andH=0 during measurementB) M—H variation
récorded aff=150 K (curve @ and 300 K(curve B. Inset(a) [(b)]
shows hysteresis curve recorded at 4.4%0 K] and inset(c)
shows 50 K hysteresis curve’s central portion; the hysteresis loop’s
branch numbers are marked there. All the curve@Bnhave been

uted on A site and magnetic ions with dissimilar momentsecorded for ZFC sample.

Ni%* (Syiz+=1) and CP* (Sce+=3/2), are randomly distrib-
uted on B site. Such a random distribution mallgs com-
parable toJgg, Jaa and the resultant spin direction different
at different site¥’ causing SG freezing of moments. How-
ever SG freezing occurs via cluster formativand there are
four transition temperatures, naméelyg, Te, Ty, and Tyy;
normally Tog> T > Ty > Tua, but near the tricritical point,

cooling, atTy; (S), remain magnetically ordered b(8),,
(Sw)y freeze in SG configuratiofrandom direction pointing
on the average Finally atT,;,, all three components$S,)),,
(Se)x (Sa)y» get randomly frozen in SG configuration. Figure
1 shows these transitions clearly for faBe, NiCrO,.
Curves a, b in Fig. (A) show the magnetic irreversibility,

Tc, Twa may be quite close. This is so-called reentrant SGM,,, behavior. For doingvl;,, [branching of ZFQa) -FC (b)

behaviort® As one cools the lattice, di-r magnetic clusters

curved measurement, sample is zero figld=0) cooled

are formed in the material’s otherwise paramagnetic statérom room temperaturéRT) [i.e., from aboveT ¢ (which is
The magnetic ordering inside the clusters is ferrimagnetic~170 K as discussed in the followihjgto the required tem-

and they remain uncoupled from each other uiiy is
reached. Assigning a spif, to a cluster, afl- the z com-
ponent ofSy, (Sy), of all clusters get magnetically ordered
and thex, y components(Sy),, (Sy)y, average out to zero;

perature(4.2 K) and a desired field K70 O¢ applied there
and thenM vs T recorded, withH present, up to RT. This is
ZFC curve[curve a; M(ZFC) vs T curve]. With the sameH
present, the sample is then field cooled from RT to 4.2 K and

Tc=system’s ferrimagnetic Curie temperature. On furtherM vs T recorded withH present and” increasing. This is FC
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FIG. 2. Temperatur€T) variation of isothermal remanent mag- tIs]

netization (IRM) and thermoremanent magnetizati6hRM), re-

corded usingH (external field =40 kOe (curves a and 70 Oe FIG. 3. Isothermal remanent magnetizatidRM) and ther-
(curves b. Horizontal arrows indicate thg axes to which the moremanent magnetizatidRM) recorded as a function of time

curves belong and for these measurements, H has been applied dtjusing H(external field =70 Oe aff=50 K (curves aand 4.2 K
removed in the desired way as described in the text. The IRM(CUrves b. Horizontal[vertical] arrows indicate they [x] axes to

TRM-T data recorded using =20 kOe are similar in nature to the Which the curves belong. For these measureméfiisas been ap-
40 kOe data. plied and removed in the desired way as described in the text. The

above description is valid for the main figuiéa) and(b)] and also
for their insets which show enlarged view of some portions of the

curve(curve b; MFC) vsT curve. It is seen from the curves o ,
main flgures curves.

a, b, that as the lattice cools, we def~ 110 K (whereM
starts increasing Ty, ~85 K [where M;; (a-b curve hysteresis curve has very small loopwidth and irfsggives
branching startd and Ty,~30 K (below which M;, be-  an enlarged view of its central portion showing a loopwidth
comes strong Such a behavior has been seen in other SGf ~50 Oe. AboveT, magnetic hysteresis is not observed
systems also. Curve c in Fig(A) inset showsy,cvs T and  but the M—H variation is nonlinear. Figure (B) curve a
the Ty1, Ty peaks are clearly seen there; thg peak is  shows a typical nonlineaM—H curve recorded at 150 K.
merged with theT\y, peak’s high temperature t&ilt may be  This nonlinearity is found to persist up t9170 K above
noted that theTy,;, Ty, peak positions, and also to some which linear M—H curves are obtained; for instance Fig.
extent theT. peak position, get affected iy and therefore 1(B) curve b shows a typical lineavl—H curve recorded at
their values may not be identical jn,. and low fieldM, vs T, 300 K (RT). The nonlineaM —H variation, without any hys-
data. At highH, SG transition temperatures change signifi-teresis, indicates the presence of uncoupled magnetic
cantly. Curves a, b in Fig.(&) inset are MZFC), M(FC) vs  clusters® in the Tc<T< 170 K range givingTcg~ 170 K.
T curves recorded using =40 kOe and we see from them Above T, clusters are absent and the system is truly para-
that Ty, has decreased t065 K; theT; and Ty, cannot be magnetic as is shown by the linelt—H variation. M6ss-
determined there owing to monotonic increasevbfvith T. bauer measurements too show the presence of magnetic
The M—T, H behavior of Fig. 1A) is similar to what has clusters below~170 K and their absence above that tem-
been seen in pseudobrookitend other SG systerh but  perature.
M;, behavior using a field as high as 40 kOe has not been Thus the Fig. 1 results are able to show all the four tran-
investigated there. sition temperatures, Vidcg, Te, Tyi, andTy,. TheTe, Tua,
Below T¢ (~110 K), the M—H curves show magnetic andT,,, transitions are seen more conspicuously in Fig. 2 in
hysteresis. Figure (B) shows typical hysteresis curves re- IRM, TRM vs T measurements. For the IRM measurement,
corded at 4.2 Klinset (a)] and 50 K[inset (b)]. The 50 K  the sample is zero field cooled from RT to 4.2 K whetés
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FIG. 4. Time(t) dependence of isothermal remanent magnetizdt®i) and thermoremanent magnetizatid@®RM) usingH (external
field) =40 kOe afT=50 K (curves a and 4.2 K(curves B. Horizontal[vertical] arrows indicatey [x] axes to which the curves belong. For
these measurementd,has been applied and removed in the desired way as described in the text. The above description is valid for the main
figures[Fig. (a), Fig. (b)], Fig. (a) inset(i) and Fig.(b) inset. Data recorded usirtg=20 kOe, 10 kOe are similar in nature to the 40 kOe
data. Inseti) of Fig. 4(a) and Fig. 4b) shows enlarged view of some portions of the main figures’ curves. (insef Fig. 4@ shows TRM
vst curve recorded at 4.2 K using=40 kOe butH applied at 115 K(just aboveT), for sample field cooling, and not at room temperature
(RT) as has been done for all other TRM tvsurves of Figs. 3 and 4. Details are discussed in the text.

applied and removed. The remanent magnetization, IRM, véhe Ty, transition is seen spectacularly there. This spectacu-
T is then recorded. For the TRM measurement, the sample iar slope change is similar to what we have seen in pseudo-
field cooled inH from RT to 4.2 K whereH is removed and  brookite SG: It may be noted that the IRM, TRM v§
remanent magnetizatioffRM) vs T measured. Figure(d) measurements provide unshiftéd=0) values of the transi-
[2(b)] shows IRM[TRM] vs T variation forH=70 Oe(curve  tion temperatures.

b) and 40 kOgcurve 3. In all the curves, a change of slope  Having seen the SG nature of the system and obtained its
is seen at the transition temperatut@g, Ty, Tyo). How-  transition temperatures, we now show some very surprising
ever these changes are sharper in curvéda40 kOg and time dependencies of its magnetizations. These measure-
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ments have been made atE4.2 K (T<Ty,) and 50 K
(Tm2<T<Ty4). Figure 3 shows the IRM, TRM vsfor H

=70 Oe. As above, for the IRNITRM] measurement, the
sample is ZFGFC in H] from RT to the measurement tem-
perature, T, (4.2 or 50 K andH applied and removefH
removed at that temperature before recording IRVIRM]

vst. 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 dat
are recorded foH=40 kOe(Fig. 4). 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 wherél=0 during measurement. Such a be- O
havior, to our knowledge, has not been reported before. We—
have tried to understand these results on the basis of the tw<l
site (A-, B-site) occupancy of cations in the spinel lattice,
where the magnetizations of the two sités, and Mg, are
antiparallel. Thus there will be two remanent magnetizations,
M,» andM,g, corresponding to A and B sites, respectively,
with M,g> M, since, as stated befor®lg>M,. Therefore
the observed remanent magnetizatidfy, is given by, M,
=M,g— M, whereM, represents IRM or TRM. As the lattice

is SG frozen at 4.2, 50 K, th#,,, Mg can have compli-
catedt dependencies like exponential or algebraic or loga-
rithmic or stretched exponential or a combination of these.
ThereforeM, vst can be quite complex. Assumiid, 5, M,

vst curves to be exponential, having their own initial values &
and decay rates, ani,=M,g—M,,, in Fig. 5 we have
shown some possible, computedariations ofM,. For in-
stance, in Fig. 8A) the curve dc’] shows a situation where

M, decreases§increasefwith t and the correspondini, g,

M,5 VSt variations are shown by the curves al[d3,b’],

ts]

uni

N [arb

ANENT MAGNETIZ

EM

{ | 3 1 1 1 1

1
1000

respectively. Similarly in Fig. @), curve ¢ shows a situation 0 2000 3000 4000 5000
whereM; is t independent and’avhereM, shows an initial
decrease and then an increase witfhe correspondinil, g, tCs3d

M, Vs t variations are given there by the curves a(fdr
curve 9 and d,b’ (for curve ¢). These computed variations
match with the results of Figs. 3 and 4. Thus the surprisin
result of IRM, TRM increasing witht seems to be a conse-
guence of the differertbehaviors oM, 5, Mg [i.€. (IRM),,
(IRM)g or (TRM),, (TRM)g]. Mathematically, for exponen-
tial t dependencies fav, 5, Mg, we have

FIG. 5. Typical time(t) variation of remanent magnetization
M,), computed for various possible time behaviors of A- and B-
ite remanent magnetizatiotisl,, and M,g). For these computa-

tions, M5, M,g VSt curves have been assumed to be exponential,
having their own initial values and decay rates, add=M,g
—M;4. Details are described in the text.

presence of B-site cantinfarge dg) in the systends17 It

M (D) = Mg (t) = Mra(t) = Mg(0)78' = M o (0)™4, may be noted that a time dependant Az can makeM, vs

1)

whereM,5(0), M,z(0) are thet=0 values ofM,, M,g and
\a, Ag, respectively, represent the decay ratedof, M, g.
The differentt behaviors ofM, 5, M,g arise due to a differ-

t oscillatory in nature. Such is found to be the case with
M(ZFC), M(FC) vst, described in the following, for certain
H, T, where [M(ZFO)],, [M(ZFO)lg and [M(FC)]a,
[M(FC)]g growth rates become time dependent. It may be
noted that Fig. @) curve b(called curve ) and Fig. 4a)

ence in the\, \g values. This difference is physically pos- inset(ii) curve (called curve I} have been recorded in iden-
sible for a spinel lattice owing to the different nearest neigh-tical conditions except that for curve |, like all other TRM

bor (nn) cation environments for A and B sites, which makescurves of Figs. 3 and 4, sample was field cooled from RT
the two sites magnetically inequivalent, and any weak A—Bwhereas for curve I, the sample has been field cooled from
coupling, which augments the independence of A, B site be115 K (i.e., from just abovel). As seen there, the initial
haviors. In a spinel lattice, an A site cation has 12 B sitesharp fall of curve | is absent in curve Il. Similarly the
cations as nearest neighbdnnig and a B site cation has 6 A curves’ nature also depended on the waiting tigpebefore

site ard 6 B site cations as nri&:}? Further the weakness of H is applied after zero field cooling, and the cooling rate
A-B coupling in GagFeyNiCrO, is brought out by the used in ZFC, FC measurements. These parameters have been
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M (FC) [emu/g]

M (ZFC) [emu/g]

FIG. 6. Variations of zero field
cooled magnetization, MFC),
and field cooled magnetization,
M(FC), with time (t), recorded us-
ing H (external field =70 Oe at
T=50K (curves a and 4.2 K
(curves B. Horizontal [verticall
arrows indicatey [x] axes to
which the curves belong. For
these measurements, has been
applied in the desired way as de-
scribed in the text. The above de-
scription is valid for the main fig-
ures|(a) and(b)] and also for the
inset to (@) which shows an en-
larged view of a portion of curve a
of (a).

kept uniform in all our measurements reported here to faciliwhere Mg(0), M(0) and Mg(), M() are thet=0 andt

tate the curves’ comparison.

Figures 6 and 7 show the (@FC), M(FC) vst behaviors
at 4.2, 50 K forH=70 Oe, 40 kOe. For the MFC) [M(FC)]
measurement, the sample is zero field codfadd cooled in
H] from RT toT,, (4.2 or 50 K andH applied[not removed
there. WithH present, MZFC) [M(FC)] vs t is recorded.
Several types dof variations are seen in Figs. 6 and 7, like
vs t almost constantt independent increasing, increasing
and then decreasing or vice versa, and oscillating; hre
means MZFC) or M(FC). As in pseudobrookite caseywe
can write

M(t) = Mg(t) — Ma(t)
=[Mg(%) = Ma()] = [Mg() = Mg(0)Je"¢&"

+[Ma(%0) = Ma(0)Je™A, )

174429-6

= values ofMg, My; Mg is [M(ZFC)]g, [M(FC)]g andM4

is [M(ZFC)]a, IM(FO)1a. g, La, respectively, represent the
growth rate ofMg andM,. Thus, as in the case ™, (Fig.

5), different,, ¢ values can produce the results of Figs. 6
and 7% Various Z,, {g values will occur depending oH, T

and cooling condition$ZFC or FQ and like N4, Ag, differ-
ence in¢,, {g values is physically possible. As explained in
Ref. 1, an oscillatoryM vst arises due to & dependent,,

(g i.e., at dependent drift rate when the SG system drifts, as
mentioned before, among its various ground statedglfs

the energy barrier separating two ground states, then the drift
rate, and alsal, g, will depend onAg/kT.! When Ag
~KT, any small difference i\g seen by the drifting system,
when it moves from one GS to the other, is felt by the system
making Ag/kT, and so the drift ratéi.e., /5, {g), t depen-
dent. In the case of pseudobrookite, such a situation occurred
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at 4.2 KI However in the present system, this situatioa.,  pseudobrookité, Az ~kT at 4.2 K and<kT at 30 K. This is
oscillatory behavioris existing both at 4.2 and 50 Kigs. 6  because at 30 K thoudkil has increased\g has not owing
and 7. This means that\g~KT both at 4.2 and 50 K in to the absence dfS,), ordering at 30 K. In pseudobrookite,
presence oH. In the present system at 50 K, as discussedG freezing is governed by the crystal field anisotropy and at
before, longitudinal magnetic orderindS,), ordering is 30 K, a-, b-axis spin components are paramagnetic and
present sincely,<50 K<Ty;. This provides anisotropy, c-axis component is frozen in a random way;,b,c

for spin reorientation, which enhancag by adding to sys- =crystal axes. Thus there is no preferential magnetic order-
tem’s disorder induced exchange anisotropy. The presence ofg direction of any kind at 30 K. Another strange looking
H further enhancedg by providing its own preferential di- result is seen in Fig. (B) inset (ii) where 50 K MZFC),
rection for any spin orientation drift. This makdg ~kTat M(FC) vs t curves are plotted together. As seen thdig,

50 K. When the system is cooled to 4.2 K, badtg andkT  M(FC) [curve d] is changing faster than MFC) [curve U]
decrease/Ag decreases owing to the absence of preferentiahfter a certaint, (i) M(FC)<M(ZFC) after certaint, and
longitudinal [(S),] ordering direction at 4.2 K as 4.2 K (iii) M(ZFC), M(FC) do not seem to be drifting toward a
<Tpp. This seems to be makinyg~kT at 4.2 K also. In commonMgq ast— . Similar results are seen at 4.2 K also
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[Figs. 1a) and 7b)]. All these resultq (i), (i), (iii)] look  extent to which the time behavior of a SG system can be
abnormal as they are opposite to what is observed in a nocomplex.

mal SG system. However we can understand these results by
realizing that for our system, WC)=[M(FC)]g-[M(FC)]

and MZFC)=[M(ZFC)]g-[M(ZFC)]5. Thus even though

[M(FO)]a g and[M(ZFC)]a g may be behaving in a normal spinel spin glass GaFe, JNiCrO,. This is a two site system

way, i.e., [M(FOlag>[M(ZFC)lpp, [M(FOlapg having \ihare the cations are distributed on two sites, Aand B, in the
slow t variation andM(ZFC)], g increasing at a faster rate |5yice The observed abnormal looking results have been un-
toward [M(FC)]ag, this need not be the case with yersiood on the basis of the separate A-, B-site time behav-
[M(FO)Jg-[M(FO)]a and[M(ZFQ)]g-[M(ZFC)]a which we  jors These results and their understandings add to our
actually measure. They can have any variation, especially 3nowledge of spinel ferrite physics and are significant as the
large H, like 40 kOe, wherdM(ZFC)]a g is expected to be  spinel ferrites, along with garnets, form an important class of
comparable t§M(FC)]a g (since larger thed, closer are the  magnetic compounds?417 They also show that great care
M(FC), M(ZFC) values in a normal SG syst¢mThus must be taken while interpreting thebehaviors of certain
depending on the[M(FC)]s, [M(FO)lg, [M(ZFC)],, SG systems, like say high: superconducting SG
[M(ZFC)]g growth rates, all the Fig.(B) inset (ii) results  systems?18which could have more than one cation site in
can be theoretically reproduced. These results indicate ththeir lattice;T,=critical temperature.

IV. CONCLUDING REMARKS

To summarize, we find surprising time behaviors for the
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