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MAGNETIC ORDERING IN A LINEAR CHAIN COMPOUND RbFeCl

G. R. Davidson and M. Eibschutz
Bell Telephone laboratories, Murrsy Hill, N.J. 0797k

D. E. Cox* and V. J. Minkiewicz*t
Brookhaven National Laboratory, Upton, N.Y. 11973

ABSTRACT

Results of neutron diffraction and Mossbauer effect studies of
the hexagonal linear chain compound RbFeCl, are reported for the
temperature range 1.2°K to room temperaturé. Three-dimensional
megnetic ordering is found to occur at Ty = 2.55%.05°K. Single
crystal neutron scattering results above T,, are indicative of one-
dimensional ferromagnetic correlations along the c-axis chains.
Below T, the magnetic moments y, are coupled ferromagnetically along
the chains but lie in the basal plane, where they form an anti-
ferromagnetic array. The hyperfine magnetic field H, also lies in
the basal plane and is nearly proportional in magnituae to u. The
temperature dependence of H;, and y, indicates a 0°K saturation val-
ue for . of about 2 He:

3

Properties characteristic of one-dimensional magnetic ordering
are to be expected in RbFeCl, on the basis of its structure: the
Fe2t ions_are arranged: in linear chains with an interchain sepa-
ration (7A) more than double the intrachain separation (3%).1,2
Magnetic susceptibility measurements have been interpreted in terms
of ordering into linear antiferromagnetic chains.2 We report here
the results of neutron diffraction and Mossbauer effect studies
undertaken to clarify the nature of the magnetic ordering and Feot
bonding.

RbFeCl., belongs to the hexagonal space group P6 /hmc(Dh6h).l
The chajins iie along the c-axis and consist of sligh%ly distorted
(FeClg)™ octahedra which share their {111} faces. The Fet site
symmetry is trigonal (D3d).

The material was prepared by careful dehydration and reduction
of a solution of RbyCO, and Fb20 in dilute HC1.3 Single crystals
0.5 to-1 cc in volume %ere grown by the Bridgmen technique. The
crystals had (100) cleavage planes.

Powder neutron diffraction data at 4.2 °K were consistent with
the room temperﬁture space group. The lattice constants at 4.2°K
were a, = 6.99 A and ¢, = 5.95 A. There were no signs of magnetic
order. However, & small additional low-angle peak was observed at
1.6°K. Data taken on a single crystal at 4.2°K and 1.86°K con-
firmed the existence at 1.86°K of a set of (h/3, h/3, 4) magnetic
reflections with h # 3n and 4 = 2n. (These and all following in-
dices are based on the chemical unit cell). The first condition
is characteristic of the triangular structure observed in other

*ork supported by U.S. Atomic Energy Commission.
tPresent Address: Dept. of Physics and Astronomy, U. of Md.,
College Park, Md. 20740
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compounds of this type,h’5
but the second corresponds
to ferromagnetic coupling
along the chains rather
than the antiferromagnetic
coupling seen in the iso-
structur&l RbNiCl3 and
CsNiCl,. ™2

Comparison of observed
and calculated intensities
gave & good Ffit (Table I)
for a structure of the 95./3
type shown in Fig. 1. The
volume of the magnetic Fig. 1 Magnetic unit cell of RbFeClg
unit cell is three times (not to scale).
that of the chemical unit
cell, and the a-axis of the magnetic cell makes an angle of 3d> with
the a-axis of the chemical cell. The moments lie in the basael plane,
with adjacent moments in the plane directed 120° apart to form an
antiferromagnetic array. The actual orientation of this array with
respect to the [100] axis cannot be determined by neutron diffrac-
tion.

ﬂoﬁ

The magnitude of the Fe2' moment at 1.86°K was found to be
1.6%0.2 us. The uncertainty is due to the limited amount of nuclear
data collected and the difficulty of meking proper correction for
extinction effects. A check on this result is provided by the value
derived from the (1/3 1/3 0) powder peak: =2.0#0.2 ug at 1.6°K.

The variation of the magnetic moment with temperature was deter-
mined by following the intensity of the single crystal (1/3 1/3 0)
peak and is displayed in Fig. 2. The intensity of the critical
scatterlng close to this Bragg reflection had & maximum at
2.55%.05 K which was taken to be the Neel point (TN)

The nature of the critical scattering above Ty was also studied.

There is marked three-dimensional character at ) K, and even some
as high as 10°K, but at 20°K the scattering takes the form of re-

ciprocal lattlce planes perpendicular to the c-axis at £ = 2n, in-
dicative of one-dimensional ferromagnetic correlations along the
c-axis. Some of these data are

Table I. Observed and calcu- shown in Fig. 3. Unfortunately,
lated intensities for 31ngle the peak-to-background ratio was
crystal RbFeCl. at 1.86°K. poor, and scans across the
is based”on an Fe + moment planes gave broad peaks. The
o§a1?6 Hae correlation length at 20°K is
approximately 3 K, about one-
BT T T seventh the value fgund in
cale obs (o) ) NMnC1,(TMMC).® Although
1/31/30 201 200 there appeared to be a 20% de-
crease in this length at 50K,
2/3 2/3 0 8 8o the change was barely outside
1/31/3 2 63 67 counting stg&is&ics.
4/3 L/2 0 27 o8 The Fe”' Mossbauer absorp-

tion spectra were taken using a
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constant acceleration spectrometer and a 0057 in P4 source.
Spectra at 4.2°K and above show no hyperfine splitting, des-

pite the observed spin correlations.

Hyperfine parameters obtained

at selected temperatures in the paramagnetic region are summarized

in Table II.

The negative sign of the quadrupole splitting (Q.S.)

was inferred from the asymmetry of the peak intensities observed
using7an absorber made up of a mosaic of (100) single crystal plate-

lets.

Tye Since the Fe

This sign_is consistent with that required to fit deta below
ion is at a site of D g Symmetry, the negative

sign implies that the ground state wavefuhction is predominantly of
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Fig. 3 Neutron
diffraction data
from RbFeCl
singl% crys%al
at 20 K. (a)
scan along (0.37,
0.37, 1), perpen-
dicular to recip-
rocal lattice
plane; (b) scan
in a plane along
(h, h, 2.0) di-~
rection and back-
ground scan.
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Table IT. Hyperfine parameters

above T,. (0} EXPERIMENT
N P RbFeCLy AT 1.2°K

T q.8.% 1.8°

(°k) (mm/sec) (mm/sec)

296 C1.49%.01  1.08%.01 s
78 -1.80+.01 1.22+.01

k.2 -1.87+.01 1.23+,01

b
T

aeQ.S. = quadrupole splitting
e“qq/2; N = 0 by symmetry.

(b) THEORY

COUNT RATE (ARBITRARY)
)
(=]

b I.5. = isomer shift relative
to iron foil at 296°K.

95

orbital singlet character (yg),S
in agreement with an analysis

of ths magnetic susceptibility 90
data.

. -2 0 1 2 3 4
The magnitudes of Q.S. and VELOCITY (mm/sec)

the isomer shift (I.S.) are in-
dicative of covalency in the
Fe2* bonding. The room tempera-
ture I.S. corresponds to a
330450:2 configuration according
to the I.S. calibration of
Danon. Comparison of the
4.2°K Q.8. with splittings
observed in other trigonally distorted octahedral compoundslo
yields a radial parameter <r=3>3q ~ 2 a.u., indicative of sub-
stantial d-electron delocalization with respect to the free ion
(e g =51 a.u.).

Sﬁectra below Ty are magnetically split into an apparent
doublet and an apparent triplet, a result characteristic of a
small hyperfine field directed Eerpendicular to the electric field
gradient (EFG) principal axis.ll Good fits to the 1.2°%K spectrum
(Fig. 4) were obtained with hyperfine field H;, = 38%1 kOe, Q.S.
parameter equ/é = -1.87+.01 mm/sec, and asymmetry parameter
N = 0.140.1. The po%ar angle of H;, in the EFG principal axis
system was 6 = 90*10 . The quality of the fit was insensitive to
the azimuthal angle @. Since e qQ/? is not altered by the mag-
netic transition, the direction of the principal axis below Ty must
be nearly parallel to the c-axis, the direction required by symmetry
above T,.. Thus, our value for 6 indicates that H, dis directed
approximately perpendicular to the c~axis, as are the magnetic
moments.

With the above hyperfine parameters, the Fed 7 ground state
magnetic splitting is very nearly equal to the doublet splitting.
Values of Hi, determined from the doublet splitting are plotted

Fig. 4 Mossbauer spectrum at
1.2%%. (&) measured; (bg calcu-
lated for H = 38 kOe, e“qQ/2

= -1.87 mm/sec, Tl = 0, and

6 =90,
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against temperature T in Fig. 2, along with the magnetic moment

data. The vertical scales are chosen to match the two data sets
at 1.9°K. The plot indicates that the two quantities are nearly
proportional and suggests that the moment {1 will saturate at a

rather low value, about 2.0 HE .

REFERENCES

1. H. J. Seifert and K. Klatyk, Z. Anorg. Allg. Chemie 342,
1 (1966).

2. N. Achiwe, J. Phys. Soc. Japan 27, 561 (1969).

3. D. E. Cox and F. C. Merkert, Third International Conference on
Crystal Growth, Marseille 1971, to be published in J. Crystal
Growth.

4, V. J. Minkiewicz, D. E. Cox and G. Shirane, Solid State Commun.
8, 1001 (1970).

5. D. E. Cox and V. J. Minkiewicz, Phys. Rev. Bk, 2209 (1971).

6. R. J. Birgeneau, R. Dingle, M. T. Hutchings, G. Shirane and
S. L. Holt, Phys. Rev. Letters 26, 718 (1971).

T. With this geometry the ratio of the area of the low velocity
line to the area of the high velocity line should be 3:5 for
e qQ/? < 0 or 5:3 for e qQ/? > 0. We observed a ratio of 0.6h4

t 4.2°K. Applicable formulse are given by P. Zory, Phys. Rev.
1l+o A1hO1 (1965).

8. T. E. Johnson, W. Marshall and G. J. Perlow, Phys. Rev. 126,
1503 (1962).

9. J. Danon, Lectures on the Mossbauer Effect (Gordon and
Breach, New York, 1963}, p. 92.

10. Y. Hazony, Phys. Rev. B3, 711 (1971).

11. Each member of the apparent doublet consists of two lines
arising from transitions from one Feo T ground state level to
two nearly degenerate excited state levels. The middle line
of the triplet also results from two unresolved transitions.
Formulee applicable to this case are given by K. Ono and

A. Ito, J. Phys. Soc. Japan 19, 899 (1964).






