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Magneticphase transitions in thepyridine(pyr) compoundsCo(pyr)2C12,
Fe(pyr)2C12,Fe(pyr)2(NCS)2andNi(pyr)2C12havebeenobservedat applied
magneticfields of ‘-‘0.7, 0.7, 1.1 and 2.7kG respectively.Theselow field
phase transitionsareobservedin the Fe andNi compoundsat T= 4.2 K,
and in the Co compound atT< 3 K, and are consistentwith metamagnetic
behavior.Magneticsaturationis notachievedin anyof these compounds
for fields of 60 kG,reflectinghigh anisotropy.

FEW magneticallyordered compoundsshowmeta- ferromagneticexchange,whereasthe otherfour com-
magnetic phase transitions.Herewe reporttheobser- poundsexhibit ferromagneticintrachain interactions.
vation oflow field, apparently metamagnetic, transitions
in the pyridine(pyr)compoundsCo(pyr)2C12,

1 Thetemperaturedependenceof the magnetic
Fe(pyr)

2C12,2 Fe(,pyr)2(NCS)2,~ andNi(pyr)2Cl2. susceptibilityof Co(pyr)2Cl2 has beenstudied’in
Thesecompoundsaswell asMn(pyr)2Cl2

4 and low appliedfields (0.1—40Oe) and thecompoundS
Cu(pyr)

2Cl2~
5’6havelinear chainstructureswith wasshownto orderantiferromagneticallywith

strongexchangeinteractions.alongthechains,and TN = 3.17 K andwith a parainagneticCurie tempera-
relativelyweakexchangeinteractionsbetweenchains. ture 0 + 5 K. A theoreticalfit1 of thesusceptibility
TheMn andCu compounds haveintrachainanti- with a ferromagneticIsing modelyielded anintra-

chaininteractionI/k = 11.7K. In Fig.1(a)we plot
themagneticmoment,a,as a functionof applied
magneticfield,H

0, for severalselectedtemperatures
. i

bothaboveand below thepreviouslyreported value
~ TN = ~. 17K. Themagneticmomentdatawere
obtainedwith a vibrating samplemagnetometer
adaptedto a superconductingsolenoid.The data in
Fig. 1(a)covertherangewhere the onset of longrange
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FIG. 1. (a) Relativemagneticmoment,a,vs applied H0(kG)

magneticfield,H0, for Co(pyr)2Cl2 for severaltem-
peratures.At 1.2K and1.5kG, a= 31 e.m.u./g FIG. 2. Relativemagneticmoment,a,vs appliedfield,
(l.

6j.zB/Coatom).At 4.2 K and48 kG, a= 47 e.m.u./g H
0, at 4.2K. (a) Low field data. Note thebreak in

(
2.4j.t~/Co atom). ordinateaxis andthat therelativemomentscalediffers

for thetwo setsof data.Forthe Fe(pyr)
2C12 data,

1 . a = 27 e.m.u./g(l.
4,.LB/Fe atom) at 3.9kG; for the

orueroccurs.At ~owtemperaturestire magneticdata Fe(pyr)
2(NCS)2 data, a= 34 e.m.u./g(2.OIIB/Fe

showa rapidly increasingmomentwith increasing atom) at 4.2 kG. (b)High field datashowingthat
field, reflectinga first order phase transition.Because saturationis notachievedin the powder material.For
the sampleis anirregularly shaped(and presumed the Fe(pyr)2C12,a = 51 e.m.u./g(2.

6.iB/Fe atom)at
randomly oriented) polycrystalline powder compact, 55 kG.
the detailedshapeof the observedtransitions reflects
demagnetizationand anisotropiccontributionsin In Ni(pyr)

2C12 the transitionis observedat
additionto the intrinsicphasetransitions. The tran- 2.7kG at 4.2K, and the highfield magneticbehavior
sition field increasesslightly asT is decreasedto 1 .2 K. is similar to that reportedabovefor theCo and Fe
This behavioris expected for ametamagnetictransition, compounds. Recentlow temperaturespecificheat
whereasfor a spin-flop transitionwe would expect the measurements

7 point to a largesingle-ionanisotropy.
transitionfield to decreasewith decreasingtempera-
ture.Forfields abovethe knee of theavsH

0 data, the The crystalstructuresof Co(pyr)2Cl2and
magnetizationincreases graduallyandis notsaturated Co(pyr)2(NCS)2aremonoclinic

89 and theiron
evenat thehighest field. analoguesare isomorphous2’3at room temperature.

The structuresarebasicallylinearchains formedby
The magneticmomentdata at 4.2 K for aggregationof MC1

2 orM(NCS)2unitswith six-

Fe(pyr)2C12andFe(pyr)2(NCS)2are shownin Fig. coordinationcompleted bytrans-pyridinemoieties.
2(a). The transitionfields for Co(pyr)2Cl2,Fe(pyr)2C12 Theyare quitesimilar to the analogousMd2 2H20
andFe(pyr)2(NCS)2 occurat approximately0.7, 0.7 compounds(M = Co, Fe) in that theintrachainmetal—
and 1.1 kG respectivelyin Figs. 1 and 2.Herewe de- metaldistancefor the pyridineandhydratesystems

1°
fine the transitionfield astheextrapolationof the areboth ‘-~3.6A.However,for MC1

2 2H20the
linearportion of avsH0 to thea= o axis. As in the interchainmetal distancesare ~-~5.5A whereasfor the
Co compound,magneticsaturationis notachievedin M(pyr)2Cl2 andM(pyr)2(NCS)2they are ‘~9A.
fields up to 50kOe,asillustrated inFig. 2(b) for
Fe(pyr)2Cl2at 4.2K. Data at lowertemperature The major effect of dilutionby theorganicligand
similarly show no saturation,consistentwith large is to lower theinterchaininteraction, and consequently
anisotropic interactions for the compounds studied TN, aswell asthemetamagnetictransitionfield. For
here. example, inFeC12,which hasplanesof Fe atoms



coupled antiferromagnetically, ametamagnetictran- make it difficultto achievemagneticsaturationin high
sition occursat 11kOe at 4.2K.’ 1 The linearchain magneticfields for powderedmaterials.Forinstance,
type structuresof FeCl

2 2H20 andCoC12 2H20are themagneticmomentof Fe(pyr)2Cl2powdered
characterizedby antiferromagneticto ferrimagnetic materialis a= 52 e.m.u./g at55 kG, whichcorre-
to paramagnetic phasetransitions’2which occur at39 spondsto 2.6.iB/Fe atom [see Fig.2(b)]. Oneadvan-
and45 kOe,and32 and 46 kOerespectively.Theeffect tageof the Co pyridine compounddiscussedhere is
of substitutingNCSfor Cl as thebridgingligand in that the entirephasediagramcan be studied atrela-
the chainof the iron compoundspresumablyalters tively low magneticfields in the liquid He

4 temperature
theintrachainexchange,andmayalter theinterchain range.However,a complete elucidationof themagnetic
exchangeaswell. Accordingto a simpleIsing model’2 propertiesof theCo compoundaswell as theFe corn-
with an intrachain andtwo interchainexchangecon- pounds,wifi requiremeasurementsin singlecrystals.
stants, themetamagnetictransitionfields in the present Furtherwork on these chain compoundswill be
compoundsare proportionalto theinterchainexchange presentedelsewhere.
con$antsandinverselyproportionalto the singleion
g-factors.However, Mossbauerstudies3”2in the iron It shouldbenotedthat thelow field magnetic
compoundsrevealsignificant differencesin the ground phase transitions reportedhere maybeelusivewhen
statemagneticproperties,so thatat present itis not conventionalmagneticmeasurementsare made.Zero-
possible directlyto compare the interchainexchange field differential susceptibility measurementswifi not
constantsexceptto notethat they areof the same showevidenceof this transition.Susceptibility
orderof magnitude. measurementsabove 1kG will suggestevidenceof

amagneticphasetransitionindirectly by showingan
Themagneticdatapresentedhere for thefour averagesusceptibilitywhich islargerthan thatex-

linear chain compoundspoint to the existenceof tri- pected.Only a carefulscanof themagneticmoment
criticalpointsin the magnetic phasediagramsat or differential susceptibilityvsH

0 in the low field
relativelylow temperaturesandlow magneticfields. rangewill clearly showevidenceof this low field
Despitethe low magnetictransitionfields, thesecorn- transitionasdemonstratedin Figs.1 and 2.
poundshavelargeanisotropiccontributionswhich
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