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EFFECT OF PRESSUREON THE CURIE TEMPERATUREOF C0Cr2O4
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Thepressureeffect on the CurietemperatureT~of CoCr2O4 wasmeasuredunder pressuresup to 11.5 kbar. The pressure
derivativeofT~is found to be +0.25 K/kbar. On thebasisof thisresult, therelationshipbetweenthemagnetictransitiontem-
peratureandvolume is discussed.

Bloch [1] reportedthat thereis anempericalrule The compoundCoCr2O4crystalizesin the spine!
for the relationshipbetweenthe magnetictransition latticewith anormalcationdistribution,whereCo

2+

temperatureTCN (Ta: Curie temperature,TN: Néel ions locateat tetrahedral(A) sitesandCr3+ ions at
temperature)andvolume V in insulatingmagnetic octahedral(B) sites.It becomesferrimagneticbelow
compoundssuchas CoO, FeO, severalgarnetsand the Curietemperature(Ta) of 97 K [31.Thereis a
ferrites: magneticphasetransition(Ta) around27 K [3]. The

A P /A1 ( spontaneousmagnetizationat 4.2K is about0.1 UBulogicN/ulog V=—T, ~l, .

performularunit [31,which is solow that it cannot
or be explainedby the simple Néel model.Menyuk et
dT /d — ~ icT al. [4] andPlumier [51proposeda ferrimagnetic

C,N P— ~ C.N, ‘ ‘ spiralstructurewiththreemagneticsublatticesA, B-

in which K expressestheisothermalcompressibility. I andB-Il for CoCr
2O4from their neutrondiffrac-

Recently,Kanomataet a!. [2] alsoreportedthat tion (N.D.) experimentaldata. Then, Tsudaet a!.
the valueof d log TCN/dlog V for chalcogenidespi- [61 observedthe NMR signalsfrom Co

59 andCr53
nels FeCr

2S4andCoCr2S4are given by about — ~. nuclei in CoCr2O4.From the magneticfield depen-
Furthermorethey reportedthateq. (1) is obtained denceof theseresonancefrequenciesup to 50 kOe,
by assumingthat the dominantpart of the super- they estimatedthe halfconeanglesof the ferrimag-
exchangeinteractionis the kinetic oneandthe band neticspiralfor low temperaturemagneticphaseto be
width W (the transferintegral I) is proportionalto 180 ±70, 1230±40 and 1230±40 for Co, Cr-I and
V — 5/3~However,it is not clear at presentwhether Cr-I! sublattices,respectively. These angles are
Bloch’s rule is adaptablefor all insulatingmagnetic somewhatdifferent from thosedeterminedby N.D.
compounds.So, it is necessaryto examinesystem- Furthermore,theyreportedthatthe local momentof
atically the pressureeffecton the transitiontemper- Co

2+ in the hightemperaturemagneticphaseseems
atureof many magneticcompoundsbesidesthose to be parallelto the net magnetization.The main
mentionedabove, purposeof the presentnoteis to measurethe pres-
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surechangeof theCurietemperatureof CoCr2O4and
to investigatethe interatomicdistancedependence 104 . CoCr2O4

of the superexchangeinteractionof CoCr2O4.
For the preparationof the sample,desiredpro-

portionsof powderedCo304and Cr203weremixed
in alcohol, and, after preheatingat 900°Cfor six

102
hoursand1000

9C for twelvehours,thisproductwas
-

fired at 1400°Cin air for a dayand thenquenched
to room temperature.

TheX-ray diffraction patternwhich wasobtained
at room temperatureusing copperradiation mdi-
cated a single-phase,normal spine!structure.The
lattice parameterandu parameterare found to be
8.322A and0.386, respectively.Thisvalueof the u
parameteris in goodagreementwiththatpreviously
observedby Menyuk et al. [4]. 98

Thevalueof dT~/dpwasmeasuredwith themag- I0 10
neticinduction methodat hydrostaticpressuresde-
scribedin a previouswork [7J~Initial permeability p k bar)
versus temperaturecurves for CoCr

2O4 were ob- Fig. I. Shiftof theCurietemperatureversuspressurecurve.

tamedat differentpressures:initial permeabilityde-
creases rapidly just below T~with increasing NiO [12,14,15], La2CuO4~[16,17], Mn—Zn fer-
temperatureand then takesa nearlyconstantvalue rite [9], FeCr2S4[2], CoCr2S4 [21 andtherareearth
with further rise in temperature.T~wasdefinedas iron garnets[10,18]. Therelation(1’) suggestedby
thepointof intersectionoflinearextrapolationsfrom Bloch is expressedby the straight line in fig. 2. As
both high and low temperatureranges.The Curie shownin fig. 2, the relation betweendTc,N/dpand
temperaturefor CoCr2O4wasfound to shift from ‘CTCN for the presentcompoundis well consistent
100.2K at normalpressureto 103.1 K underapres- with the relation proposedby Bloch [1]. For the
sureof 11.5kbar. TheCurie temperatureat normal compressibilityof Mn—Zn ferrite, GdIG andErIG,
pressureis somewhatlargerthan the value (97 K) we assumedthat the compressibilityof thesecorn-
reportedby Menyuket al. [3]. Thepressureshift of poundsare equalto that of YIG [18].
T~is shownagainstappliedpressurein fig. 1. Forthe As mentionedabove, the spin arrangementof
presentcompound,theCurietemperaturewasfound CoCr2O4is a complicatedferrimagneticspiral type.
toincreaselinearlywithappliedpressurein the pres-
surerangeinvestigated.Thevalueof dT~/dpdeter- i.s
mined from theresultsin fig. 1 is foundtobe + 0.25
K/kbar.This valueis smallerthan thoseof Mn—Zn
andNi—Zn ferrites. That is, dT~/dpof Ni—Zn fer- ~ ErIC

rites range from +0.73±0.06to + 1.16±0.07K/ ‘. 1.0 Mn~,Znn,Fe20~

kbar [8]. Furthermore,dT~/dpofMn05Zn05-Fe204 LoIcuO~.y_~<0

wasfoundtobe +0.9±0.04K/kbar [9]. Thevalue FeO 0Co~~.
of d log T~/dlog V for CoCr2O4wasobtainedto be 0.5

0COCI.

2S.

—3.1 usingthepresentresulton dT~/dp.In thiscal-
culation, we used the compressibility
K= (0.80±0.21)x 10~kbar’ for CoCr2S4 [2] as CoCr1~

the compressibilityof CoCr2O4. In fig. 2, we plot 01 0~ 0.3

dTCN/dp againstICTCN for CoCr2O4togetherwith k ~ (K / k bar)

thoseforCoO[10,12], FeO [11,12], MnO [12,13], Fig.2. P1otsofdT~~/dpagainsticTCN.
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Lyons and Kaplan [191 studied theoreticallythe ionswithoppositelydirectedmoment.In thesecorn-
groundstatespin configurationof cubicnormal spi- pounds,the only magneticinteractionsof antifer-
nels.They proposeda ferrimagneticspiral structure romagneticspinelsare thoseof A site Co ions. The
with threemagneticsublatticesA, B-I andB-IT, when distancebetweenA site Co ions is very largeandthe
theisotropic exchangeinteractionbetweenthe near- A—A interactioninvolves two or threeintervening
est neighbourB—B ions becomescomparablewith ionsin superexchangeinteractions.In thiscase,it is
thatbetweennearestneighbourA—B ions. Tsudaet interestingto investigatewhether the relationship
al. [6] discussedthe relationbetweenthe ferrimag- betweenthe magnetic transition temperatureand
netic spiral structureand the exchangeparameters volume follows Bloch’s empirical rule mentioned
for CoCr2O4on thebasisof theexperimentalresults above.
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