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THE MAGNETIC STRUCTURESOF RbNiC13 AND CsNIC1’
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(Received21 April 1970 by M.F. Collins)

Powderneutrondiffraction measurementswereperformedon RbN1C13
andCsNiCl ~at temperaturesaboveand belowtheir respectiveNeel
temperaturesof l1°Kand 4.5°K.The magneticsuperlattice
reflections for bothcompoundscanbe indexedon the basis of a
hexagonalunit cell with dimensionsa = V3 a0 and c = c0, where
a0 and c0 are the dimensionsof the chemicalunit cell. The magnetic
structureis found to consistof an antiferromagneticsequenceof
the spins along the c axis chains, along with a screwspiral
propagatingin the basalplane. The wavelengthof the screw spiral
is commensuratewith the lattice, andhas a valueof 3a0/2.Single
crystal measurementson RbNiCI3 haveshown that for T>> T~
the compoundexhibits scatteringbehaviorthat is characteristicof
a one-dimensionalmagneticsystem.

RECENT neutronscatteringmeasurementson the c axis that sharecommon (111) facesof
K2NiF4~Mn(HCOO)2. 2H20,

2and distortedchlorine octahedra.The exchange
CsMnCI ~. 2H

20
3 haveunambiguouslydemonstrated pathsthat couplenearest-neighbornickel ions

that real systemscan exhibit magneticproperties within the basalplanearevia two intervening
characteristicof one- and two-dimensional ligands,and thereforethe exchangeinteraction
magneticsystems.As a result,theseobservations in this planeis expectedto be much smaller
havegreatly stimulatedneutronmeasurements thanthat along the c axis. The magnetic
on other compoundsthat havetheseproperties. susceptibility measurementsseemto indicate

that this speculationis in fact correct; the
The compoundsRhNiCl

3 and CsNiCl3 are measurementsabovethe three-dimensional
two possiblecandidatesin this context.Achiwa

4 orderingtemperaturecan be understoodif one
hassuggestedthat the magneticpropertiesof assumesthat the nickel lattice is behaving
thesecompoundswill simulatethoseof a linear like a collection of linear antiferromagnetic
antiferromagneticchain for temperaturesabove chains.This paperpresentsthe resultsof
their three-dimensionalorderingtemperatures. neutronpowderdiffraction measurementson
The compoundshavea structurewith RbNiC1

3 andCsNiCl3 below T~.In addition,
P63/mmc(Dh)symmetryin which the nickel we presentpreliminaryresultsof single
atomslie on a primitive hexagonalnet(see crystal scatteringmeasurementson RbNiC1~.

Table 1). If only the (NiC16)
4 complex is The single crystalmeasurementsfurnish

considered,the structureis constructed direct evidencethat thereexist strong long-
essentiallyof linear chainsof nickel ions along rangeantiferromagneticcorrelationsalong the

c axis for T> T~.Preliminary results of these
* Work performedunderthe auspicesof the U.S. experimentshavebeenreportedelsewhere,~
Atomic EnergyCommission.
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Table1. Structural data for RbNiC1 and CsNjC13? The lattice constantsof the chemical cells were
foundto be a0 = 6.92 A and c0 = 5.87Afor RbNiC13, and a0= 7.14A and c0 = 5.96A for CsNiCl3 at
5.13°Kand 2.0°K,respectively.

SpaceGroup: P63/mmc(Dh)

Atomic Positions: Rb~’(Cs~): ~\ (.~11.
3 3 4/ \3 3 4

Ni~
2: (000), (00~)

Cl~: ±(x~2x~~)~±(x~~,~),±(2~~~

x(RbNiC1
3) = 0.160

x(CsNiCI3) = 0.156

.~ J’°J’~~:M 20’

Z (110) RbNiCL3
T~5.I3°K

oK - (300) x’I.36A —
(101) M

2 ~~i~2I22I42~

FIG. 1. Powderneutrondiffraction datafor RbNiCl3 and CsN1C13at 5.13 and2.0°Krespectively.The
peakslabelledM are the magneticsuperlatticereflections.The indexing is basedon a hexagonalcell
with dimensionsa = ~/3a0 and c = c0, where a0 and c0 are the dimensionsof the hexagonalchemical
unit cell.

The powderexperimentswereperformedin usedto monochromatethe beamfor the RbNiC13
the standardmanner.Measurementswere made andCsNiCl3 experiments,respectively.The
bothaboveandbelow T~,andas a result, the observedhexagonalchemical cell dimensions
contributionmadeby the magneticscattering are given in Table 1. The R factorsfor the
waseasily identifiable. The higherorder wave- chemical structureswith the parameters
length contaminationin the neutronbeamwas previously quotedwere0.01 and0.07 for RbNiCl3
negligible. In particular,the A/2 contamination and CsNiCl3, respectively.The five low-lying
was<0.04 percentbecausegermanium(111) reflectionswere usedin this calculationand
(A= 1.36A) and(311)(A= 1.03A) planeswere the variation in the intensitiesas a result of the
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Table2. Comparisonof observedandcalculatedintensitiesfor the magneticpeaks. The magnetic
intensitiesare normalizedto thenuclear intensities. The valueof the magneticmomentis given in units
of Bohr magnetonsfor RbNiCl3 and CsNiCl3 at 5.13°Kand 2.0°K,respectively.

RbNIC13 CsNiC13

‘obs ‘caic ‘obs ‘caic

101 98 96 100 94
201 55 59 65 59
211 84 81 69 82

= 1.5 ±0.15 = 1.4 ±0.2

cell with dimensionsa = V3 a0 andc = c0, where

a0 and c0 are the dimensionsof the hexagonal

chemicalunit cell. The magneticstructurethat
most satisfactorilyaccountsfoi the observed~( intensitiesis illustrated in Fig. 2. The agree-
ment betweenthe observedandcalculated

intensitiesis given in Table 2. Using theI nuclearreflections to put the intensitiesof the

magneticreflectionson an absolutescale,we

foundthat the Ni~
2ion has a magneticmoment

~ .-. extrapolatedto 0°Kof 1.6,±O.15~Band
—— — — 1.5 ±0•2/~~ in RbNiCl

3 and CsNiCl3, respectively

Normally, the Ni +2 ion is expectedto havea
momentof approximately

2/.LB. The difference
betweenthis value and the experimentalresults
could possibly be the result of eithera zero

I point spin deviation or covalencyeffects,or a
combinationof the two. However, in view of
the difficulty in reliably estimatingthe contri-
bution madeby botheffects, the questionas
to whether the experimentalresults can be
understoodon this basisshouldbe regardedasFIG. 2. An illustration of the magneticstructure

of RbNiCl
3 andCsNiCl3. The structureconsists being unresolved.

of an antiferromagneticsequenceof moments
along c, anda screw spiral propagatingin the The magneticstructureis best described
basalplane. The wavelengthof the spiral is asconsistingof an antiferromagneticsequence
3a0/2; asone proceedsalong the a0 direction, of the spins along the c axis chains,coupled
the spinsrotateby 120 in the a.c.plane. . .

with a screw spiral arrayin which the spins
rotatein a planeperpendicularto the basal

Debye—Wallerfactor was assumedto be negli- plane. The wavelengthof the screw spiral is
gible. commensuratewith the chemical lattice, and

has a magnitudeof 3a0/2. We note that since
The neutronpowderpatternsbelow T~are the wavelengthof the spiral is commensurate

shown in Fig. 1. The peakslabelledM are the with the chemicallattice,we do not necessarily
superlatticereflectionsuniqueto the magneti- haveto describethe structureas a ‘spiral’ at
cally orderedphase.The superlatticepeaks all. However, we preferthis descriptionbecause
can be indexedon the basis of a hexagonal the structureis therebymoreeasily visualized.
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Therearetwo points that must be made obtain agreementfor the purely magneticpeaks.
concerningthe structure.The first is concerned If the spin axis makesan angleof 45~with the
with the phaseangle that the ‘initial spin’ makes c axis, oneobtainsexactlythe sameagreement
with the c axis, andthe secondwith the direction as is given in Table 2, albeit with a slightly

of the spin componentsin the basalplane. The alteredvalue for the magneticmoment. This
structurecan be generatedby the following model is inadequate,however, becausethe (111)

reflection would thencontain a magneticcontri-expression
bution amountingto approximately35 per cent

= S11 cos(~~ + 0~)+ of the nuclearintensity. We observedthat the

+ ~ sin(A. R~m+0~) (1) intensity of the (111) reflection did not change
significantly when the samplewascooled

whereS~,is a unit vector along thespin throughT~.
direction of them’th atom in the n’th unit cell
with position vector R ~ S11 is a unit vector The resultsof the single crystal measure-

alongc, S.L is a unit vector in the basal plane, ments on RbNiC13 can be summarizedas follows.
and For I > T~the magneticscatteringmanifests

itself in two forms: as planesof scattering

= (�~+ ~) + c~. perpendicularto thec~axis, which intersect
the axis at positions I c~where 1 is odd, and

The structurethat is illustrated in Fig. 2 is one asnormal three-dimensionalcritical scattering
for which 0~= 0. The value of O~cannotbe peakswhich are superimposedon the planes,
determinedby neutron scatteringmeasurements. and which dominatethe scatteringnear T~.
We havesetO~= 0 to retain the C axis as a Thesepeaksoccurat reciprocal lattice positions
unique spin direction, which is strongly that coincidewith the magnetic reciprocal
suggestedby the results of the magnetic lattice positions of the orderedphase.For
susceptibility measurements.

4As far as the I ~ the peakshaveessentiallydisappeared,
secondpoint is concerned,the measurements and all that remainsare theplanes of scattering
were performedon powdersamples,andtherefore normal to the c~axis. The interpretation of

in the averagingprocess,any information theseresults is straightforward.The planesof
concerningthe direction of S~withi!

1 the basal scatteringreflect the fact that even for
plane is completely lost. In Fig. 2, S~hasbeen T ~ , therearestrong long-rangeantiferrc..-
set perpendicularto a purely for the purposes magneticspin correlationsalongthe c axis.

of illustration. Immediately above T~the magneticsystem

behavesin the normal manner.As the tempera-
We havealso attemptedto fit the datawith ture is increased,the ‘three-dimensional

other spin configurations, in particular the characteristics’continuously decreaseuntil
‘umbrella’ and collinear models that were for I ~-‘~ 4T~ the three-dimensionalbehavior is
consideredby Corliss el a). in a study of CrSe.

6 essentially lost, andthe system is then
We found that noneof the high symmetry models stimulating the characteristicsof a linear

could accountfor the observedintensities of the antiferromagneticchain aswasfirst proposed
superlatticereflections. Specifically, the by Achiwa.4 This uniquetype of magnetic

‘umbrella’ model failed to reproducethe observed scatteringwas recentlyobservedby Skalyo
low ratio of the intensity of (10l)M to (211).%1. et al. in CsMnCI ~. 2H

20.~
The collinear model is also unableto accountfor
the observedratio with the spin axis either Acknowledgements— We would like to acknowledge
perpendicularor parallel to C. If this latter a helpful exchangeof information and discussions
condition is relaxed,however, it is possible to with N. Achiwa andJ. Skalyo, Jr.
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w CSNLCI3 npw TeMrlepaType a~ineii xloiie ~x COOTBCTCTBy—

~wux ~e~nepaTyp Hx~uIRIZ
0K ~ 4,5°K. MarHIcTrnIe c3epxpeme,’oq-

we oTpaaeHMA MO~KHO BM~~3WTh~ oøoxx coe~wxexw~B B~e rex—

caroMa.,xbHo~ e2lMHM~rno1 ~e~x~i c p.a~epai~a a~w - c
0~r~e

a0 x c0 - pa~~ep~xzi~wtiecxo~C xIW1o~~ MarNMTNafi

CTpyxTypa 000TOMT &13 ax~~eppo~arxn~xorop~i~&CflWHOP no z~eno-

‘~IC&M 0CM C, BMeCTe C ~JC~BA~MO~CflWp8.~b~ Bp& .E)n~el~cR P O8.3CBO~

flJIOCROCTM. ~JIILHft 3021MM Cnxp8..nM flponopL~HoRaJIbHaI~’tetEM,BeJIM-
~MMa X0TOp0t~3a~/2. ll3MepeMMIl RbNLC13H8. MOHOKPMCTaJIJIe floxa3a21M,

ITO np~T>> T~ 8T0 coe.~!HCHM~npof1B~nfleTa~4exT pacceNxxIl, xa—
pax~epx~~,g~iRo,~xoMepHo~MaPHMTN0I cwcTeMM.


