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Powder neutron diffraction measurements were performed on RbNiCl,
and CsNiCl ; at temperatures above and below their respective Neéel
temperatures of 11°K and 4.5°K. The magnetic superlattice
reflections for both compounds can be indexed on the basis of a
hexagonal unit cell with dimensions a =v/3 a, and ¢ = ¢, , where

a, and c, are the dimensions of the chemical unit cell. The magnetic
structure is found to consist of an antiferromagnetic sequence of

the spins along the ¢ axis chains, along with a screw spiral
propagating in the basal plane. The wavelength of the screw spiral
is commensurate with the lattice, and has a value of 3a,/2. Single
crystal measurements on RbNiCl , have shown that for 7 > T,

the compound exhibits scattering behavior that is characteristic of

a one-dimensional magnetic system.

RECENT neutron scattering measurements on
K,NiF,! Mn(HCOO),. 2H,0,2 and

CsMnCl,. 2H,0 % have unambiguously demonstrated

that real systems can exhibit magnetic properties

characteristic of one- and two-dimensional

magnetic systems. As a result, these observations

have greatly stimulated neutron measurements
on other compounds that have these properties.

The compounds RbNiCl; and CsNiCl, are

two possible candidates in this context. Achiwa*

has suggested that the magnetic properties of
these compounds will simulate those of a linear
antiferromagnetic chain for temperatures above
their three-dimensional ordering temperatures.
The compounds have a structure with

P6 ,/mmc(Dg,) symmetry in which the nickel
atoms lie on a primitive hexagonal net (see
Table 1). If only the (NiCls)™* complex is
considered, the structure is constructed
essentially of linear chains of nickel ions along

*Work performed under the auspices of the U.S.
Atomic Energy Commission.
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the ¢ axis that share common (111) faces of
distorted chlorine octahedra. The exchange
paths that couple nearest-neighbor nickel ions
within the basal plane are via two intervening
ligands, and therefore the exchange interaction
in this plane is expected to be much smaller
than that along the ¢ axis. The magnetic
susceptibility measurements seem to indicate
that this speculation is in fact correct; the
measurements above the three-dimensional
ordering temperature can be understood if one
assumes that the nickel lattice is behaving
like a collection of linear antiferromagnetic
chains. This paper presents the results of
neutron powder diffraction measurements on
RbNiCl, and CsNiCl; below T,,. In addition,
we present preliminary results of single
crystal scattering measurements on RbNiCl ,.
The single crystal measurements furnish
direct evidence that there exist strong long-
range antiferromagnetic correlations along the
c axis for T > T,,. Preliminary results of these
experiments have been reported elsewhere. °
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Table 1. Structural data for RbNiCl4 and CsNiCl,. The lattice constants of the chemical cells were
found to be a, = 6,924 and ¢, = 5.87 A for RbNiCl,, and a,= 7.14 A and c, = 5.96 A for CsNiCl, at

5.13°K and 2.0°K, respectively.
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FI1G. 1. Powder neutron diffraction data for RbNiCl ; and CsNiCl;, at 5.13 and 2.0°K respectively. The
peaks labelled M are the magnetic superlattice reflections. The indexing is based on a hexagonal cell
with dimensions a=1/3a, and ¢ = ¢,, where a, and ¢, are the dimensions of the hexagonal chemical

unit cell.

The powder experiments were performed in
the standard manner. Measurements were made
both above and below T, and as a result, the
contribution made by the magnetic scattering
was easily identifiable. The higher order wave-
length contamination in the neutron beam was
negligible. In particular, the A/2 contamination
was <0.04 per cent because germanium (111)
(A= 1.36A) and (311) (A = 1.03 A) planes were

used to monochromate the beam for the RbNiCl;
and CsNiCl,; experiments, respectively. The
observed hexagonal chemical cell dimensions

are given in Table 1. The R factors for the
chemical structures with the parameters
previously quoted were 0,01 and 0.07 for RbNiCl,
and CsNiCl,, respectively. The five low-lying
reflections were used in this calculation and

the variation in the intensities as a result of the
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Table 2, Comparison of observed and calculated intensities for the magnetic peaks. The magnetic
intensities are normalized to the nuclear intensities. The value of the magnetic moment is given in units
of Bohr magnetons for RbNiCl, and CsNiCl, at 5.13°K and 2.0°K, respectively.

RbNiCl ,
lobs
101 98
201 55
211 84
4 = 15 $0.15

CsNiCl,
Iobs chc
100 94

65 59
69 82
i o= 14102

O

FIG. 2. An illustration of the magnetic structure
of RbNiCl, and CsNiCl;. The structure consists
of an antiferromagnetic sequence of moments
along ¢, and a screw spiral propagating in the
basal plane. The wavelength of the spiral is
3a./2; as one proceeds along the a, direction,
the spins rotate by 120° in the a.c. plane.

Debye—Waller factor was assumed to be negli-
gible.

The neutron powder patterns below T, are
shown in Fig. 1. The peaks labelled M are the
superlattice reflections unique to the magneti-
cally ordered phase. The superlattice peaks
can be indexed on the basis of a hexagonal

cell with dimensions a=1/3a, and ¢ = ¢,, where
a, and ¢, are the dimensions of the hexagonal
chemical unit cell. The magnetic structure that
most satisfactorily accounts for the observed
intensities is illustrated in Fig. 2. The agree-
ment between the observed and calculated
intensities is given in Table 2. Using the
nuclear reflections to put the intensities of the
magnetic reflections on an absolute scale, we
found that the Ni*2 jon has a magnetic moment
extrapolated to 0°K of 1.6 * 0.15.. 5 and

1.5 + 0.245 in RbNiCl, and CsNiCl,, respectively
Normally, the Ni *2ion is expected to have a
moment of approximately 2..5. The difference
between this value and the experimental results
could pessibly be the result of either a zero
point spin deviation or covalency effects, or a
combination of the two. However, in view of
the difficulty in reliably estimating the contri-
bution made by both effects, the question as

to whether the experimental results can be
understood on this basis should be regarded as
being unresolved.

The magnetic structure is best described
as consisting of an antiferromagnetic sequence
of the spins aiong the ¢ axis chains, coupled
with a screw spiral array in which the spins
rotate in a plane perpendicular to the basal
plane. The wavelength of the screw spiral is
commensurate with the chemical lattice, and
has a magnitude of 3a,/2. We note that since
the wavelength of the spiral is commensurate
with the chemical lattice, we do not necessarily
have to describe the structure as a ‘spiral’ at
all. However, we prefer this description because
the structure is thereby more easily visualized.
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There are two points that must be made
concerning the structure. The first is concerned
with the phase angle that the ‘initial spin’ makes
with the ¢ axis, and the second with the direction
of the spin components in the basal plane. The
structure can be generated by the following
expression

Siim = Sy cos(A R m+ 00)+

+ S, sin(A R, m+ 6,) (1)

where S:hm is a unit vector along the spin
direction of the m’th atom in the n’th unit cell
with position vector R, ., Sy is a unit vector
along ¢, S, is a unit vector in the basal plane,
and

A = (et b g
The structure that is illustrated in Fig. 2 is one
for which 8, = 0. The value of 8, cannot be
determined by neutron scattering measurements.
We have ser@, = 0 to retain the c axis as a
unique spin direction, which is strongly
suggested by the results of the magnetic
susceptibility measurements.® As far as the
second point is ;:oncemed, the measurements
were performed on powder samples, and therefore
in the averaging process, any information
concerning the direction of §; within the basal
plane is completely lost. In Fig. 2, S, has been
set perpendicular to a purely for the purposes

of illustration.

We have also attempted to fit the data with
other spin configurations, in particular the
‘umbrella’ and collinear models that were
considered by Corliss et al. in a study of CrSe.®
We found that none of the high symmetry models
could account for the observed intensities of the
superlattice reflections. Specifically, the
‘umbrella’ model failed to reproduce the observed
low ratio of the intensity of (101)M to (211M.
The collinear model is also unable to account for
the observed ratio with the spin axis either
perpendicular or parallel to c. If this latter
condition is relaxed, however, it is possible to
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obtain agreement for the purely magnetic peaks.
If the spin axis makes an angle of 45° with the
¢ axis, one obtains exactly the same agreement
as is given in Table 2, albeit with a slightly
altered value for the magnetic moment. This
model is inadequate, however, because the (111)
reflection would then contain a magnetic contri-
bution amounting to approximately 35 per cent
of the nuclear intensity. We observed that the
intensity of the (111) reflection did not change
significantly when the sample was cooled
through 7.

The results of the single crystal measure-
ments on RbNiCl, can be summarized as follows.
For T > T, the magnetic scattering manifests
itself in two forms: as planes of scattering
perpendicular to the c¥ axis, which intersect
the axis at positions /c¥ where ! is odd, and
as normal three-dimensional critical scattering
peaks which are superimposed on the planes,
and which dominate the scattering near T,.
These peaks occur at reciprocal lattice positions
that coincide with the magnetic reciprocal
lattice positions of the ordered phase. For
T 347, the peaks have essentially disappeared,
and all that remains are the planes of scattering
normal to the ¢} axis. The interpretation of
these results is straightforward. The planes of
scattering reflect the fact that even for
T 3> 4T, , there are strong long-range antiferrc-
magnetic spin correlations along the ¢ axis.
Immediately above T, the magnetic system
behaves in the normal manner. As the tempera-
ture is increased, the ‘three-dimensional
characteristics’ continuously decrease until
for T ~ 47, the three-dimensional behavior is
essentially lost, and the system is then
stimulating the characteristics of a linear
antiferromagnetic chain as was first proposed
by Achiwa.® This unique type of magnetic
scattering was recently observed by Skalyo
et al. in CsMnCl . 2H,0.°
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N oo os

Maueperua nopomkoBo# puddpaxiuu HeRTDOHOB NPOU3BOLUAMCD
H& RbN4Cly M CsNiCl3 NpM TEMnepaType BuIe M HHKE HX COOTBETCTBY-
pmux Teumneparyp Humam II°K u 4,5°K. Maruwrnue crepxpemerou-
HHE OTDAXEHHA MOXHO BHPA3uThL nnA oloMX coegquHeHuk B Buge rex-
caronanpHoft enuruuHoft mueMru c pasMepaMy a = Ba, ¥ c =¢, s TOC
&, ¥ c, - pasuepu xumuyeckot equnuuHol Aavexku., MarHUTHAA
CTPYKTYPE& COCTOMT U3 &HTWbepDOMAPHMTHOIO DAL CNMHOB MO LEMNo=
YK&M OCKH C, BMeCTe ¢ yepBayHOR cnupanso Bpamanmefics B 6asceolt
NAOCKOCTK. JAMHE BOXHH CNMP&NK NPOMNOPLUHOHANBHE AueRkH, Beau-
yKHE KOTOpPO# 3a,/2, MsMepeHMA RbNICl, HA MOHOKPHCTANNE NOKA3AXM,
yro npu T>> T, aT0 coennHenue npoaraser adpexT paccesHux, xa-
pakrepHu#t nnm onHoMepHO¥ MArHUTHOR CHCTEMH.



