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MAGNETIC ORDERING OF THE LINEAR CHAIN ANTIFERROMAGNET CsMnBr 3 

M. Eibsch~tz, R. C. Sherwood and F. S. L. Hsu 
Bell Laboratories, Murray Hill, New Jersey 07974 

D. E. Cox* 
Brookhaven National Laboratory, Upton, New York 11973 

ABSTRACT 

Results of neutron diffraction, magnetic susceptibility and 
specific heat measurements on single crystal samples of the hexa- 
gonal linear chain compound CsMnBrRare reported. Three-dimensional 
magnetic ordering occurs at TN=8.3~K. Above T N neutron scattering 
maxima are observed at reciprocal lattice planes, indicative of one- 
dimensional correlations along the chain. Below T N the Mn 2+ 
magnetic moments are coupled antiferromagnetically along the chains 
but lie in the basal plane, where they form a triangular array. 
The magnitude of the Mn 2+ moment extrapolated to O~ is indicative 
of a substantial zero-point spin deviation. From about 90~ to 
300~{ the susceptibility data could be fit with Fisher's exact 
solution for the susceptibility of a classical, nearest-neighbor, 
one-dimensional Heisenberg antiferromagnet. We found J=9.6VK and 
Xmax at 90~ Evidence of anisotropy was observed in the suscepti- 
bility data. The specific heat data below 13~ is dominated by a 
term linear in T. The coefficient of the linear term is 0.057 
cal/mol-deg 2, which is about 42% higher than the coefficient com- 
puted for the isotropic Heisenberg linear antiferromagnet on the 
basis of our value for J. 

INTRODUC TION 

Recently, considerable experimental attention has been given 
to substances which exhibit one-dimensional magnetic ordering. 
Properties characteristic of one-dimensional magnetic behavior are 
to be expected in CsMnBr 3 from the nature of the ~rystal structure. 
In this hexagonal compound, space group P63/mmc(D~h), there are 
chains of MnBrA oetahedra along the c axis-with a~-interchain 
separation (7.~ ~) more than double the intrachain separation 
(3.2 ~). Magnetic studies of isomorphous chloride compounds have 
revealed pronounced one-dimensional magnetic behavior.2-5 We 
report here the results of neutron diffraction, magnetic suscepti- 
bility and specific heat measurements which were undertaken to 
clarify the nature of the magnetic ordering in CsMnBr 3. 

EXPERIMENTAL 

The compound was prepared by careful dehydration of a 
solution of Cs2CO 3 and MnCO 3 in dilute hydrobromic acid, followed 

*Work supported by U.S. Atomic Energy Commission. 
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by melting under an 
atmosphere of 
anhydrous HBr. 6 
Single crystals were 
grown by the Bridgman 
technique. The 
crystals have ex- 
cellent (lO0) 
cleavage planes and 
are pink in color. 
Powder and single 
crystal neutron data 
were obtained using 
neutrons of wave- 
lengt~ 1.03 and 
1.20 A, respective- 
ly, at temperatures 
between 4.2 and 

< 

CsMnBr 3 

a0vrN 

Fig. i. Magnetic unit cell of CsMnBr 3 
(not to scale). 

co 

300~ Magnetic susceptibility measurements between 1.5~ and 
300~ were performed in a pendulum magnetometer. Specific heat 
measurements were carried out on a 0.923 gram single crystal of 
CsMnBr 3 between 1.8 and 30~ using a heat pulse technique. 

RESULTS AND DISCUSSION 

At i00 ~ K powder and single crystal neutron data revealed no 
peaks of magnetic origin. All the reflections couldobe indexed on 
the basis of the chemical cell (a=7.561 A, c=6.45~ A and Br(x] 

=0.16~5). At 4.5~K a 
Table I. Observed and calculated in- 
tensities for single crystal of CsMnBro 
at 4.5~ Icalc is based on Mn 2+ moment 
of 3 ~B" Scattering amplitudes taken 
as 0.55, -0.36 and 0.67><i0-12cm for Cs, 
Mn and Br (Ref. 7), respectively. 

hkg Iobs Icalc 

i/3 1/3 1 71.4 74.9 

2/3 2/3 1 42.9 41.7 

i i 0 48.7 48.5 

4/3 4/3 1 14.2 12.2 

2 2 0 370.6 525.3 

3 3 0 17.1 17.6 

number of additional 
magnetic peaks of the 
type (h/3, k/3, g) with 
h and k J 3n, and 
g=2n+l were observed 
(all the indices in 
the paper are based on 
the chemical cell.) 
This is a characteristic 
feature of the tri- 
angular structure ob- 
served in other 
compounds of this 
type.3-4 

A least-squares 
refinement of the 
single crystal data 
gave a good fit 
(Table I) for the mag- 
netic structure de- 
picted in Fig. i. The 
volume of the magnetic 
unit cell is three 
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times larger than that 
of the chemical cell. 4o 
The Mn 2+ magnetic moments 
are coupled antiferro- 
magnetically along the 3~ 
chains and lie in the 
basal plane. Adjacent 
moments in the plane ~ 2~ 
are directed 120 ~ apart 
to form an antiferro- 
magnetic array, i~ 

The magnitude of 
the Mn2+ moment at 4.5~ 
is only 3.0• ~B" The 
uncertainty is due to 
the limited amount of 
nuclear data collected 
and the difficulty of 
making proper correction 
for extinction effects. 
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Fig. 2. Temperature dependence of the 
magnetic moment. 

However, a check of this result is pro- 
vided by the value derived from the (1/3,1/3,1) powder peak: 
3"5• ~B at 4.5~ This low value for the magnitude of the mag- 
netic moment of Mn 2+ (which averages to about 3.3 ~B extrapolated 
to 0~ can be explained by the existence of a substantial zero 
point spin deviation, amounting to some 40~ which reflects the 
basically one-dimensional nature of the magnetic order. 8 

The temperature dependence of the magnetic moment was deter- 
mined by follo~in+ the intensity of the single crystal (1/3,1/3,1) 
peak and is plotted in Fig. 2. The intensity of the critical 
scattering close to this Bragg reflection had a maximum at 8.3~ 
which was taken to be the three-dimensional magnetic ordering 
temperature T N. 

Above T N neutron scattering maxima are observed at reciprocal 
lattice planes indicative of one-dimensional correlations along 
the chain. The correlation length at 30~ is approximately 15~ 
about the same value found in (CD~)4NMCg3(TMMC). 

The magnetic susceptibility ~urves vs. temperature of CsMnBr 3 
in a field of 15,300 Oe are shown in Fig. 3. The broad maxima 
near 90 K are characteristic of a linear chain antiferromagnet 
and represent the influence of magnetic coupling along individual 
chains of manganese ions upon the bulk susceptibilities. From 
about 90 to 300~ the X data could be fit with Fisher's I0 exact 
solution for the susceptibility of a classical nearest-neighbor 
one-dimensional Heisenberg antiferromagnet. For g=2 and S=5/2 we 
found J=9.6~ gives a good fit to the experimental data. Below 
90~ the X curves are in qualitative agreement with recent theo- 
retical curves calculated by Walker et al. II which have shown that 
in a linear chain antiferromagnet with isotropic nearest- 
neighbor exchange anisotropic interactions are significant. The 
anisotropy of X is evident in Fig. 3. The transition to true 
long-range order between the chains around 8.3~ is marked by small 
bumps on the X curves. The X data for CsMnBr 3 suggest that below 
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Fig. 3- Single crystal magnetic susceptibility data for CsMnBr 3. 
The solid curve is calculated using the isotropic clasSi- 
cal linear chain from Fisher. I0 

T N the compound is antiferromagnetic and that the main interaction 
is the intrachain interaction. The ratio between XI 1 (Hllc) and 
Xl (H I c) extrapolated to 0~ is 2, in perfect agr@'ement with the 
theoretical calculation for an anisotropic linear antiferromagnetic 
classical chain. II 

A more precise measurement of the temperature of the onset of 
three dimensional ordering in CsMnBr 3 was obtained from heat ca- 
pacity measurements, the results of which are shown in Fig. 4. A 
R-type maximum in Cp is seen at 8.30•176 The lattice contri- 
bution to the specific heat was evaluated from measurements on 
isomorphic CsMgBr R. Assuming that both compounds have the same 
Debye temperature~and subtracting the two curves in Fig. 4, we ob- 
tained the magnetic specific heat. The resulting magnetic entropy 
below 8.5~ amounts to only 7~ of the full entropy of ordering of 
spin 5/2, Nkgn(2S+l) = 3.56 cal/mole deg. This indicates that al- 
most all the magnetic entropy is found in the short range magnetic 
ordering region. 

The magnetic specific heat data below 13~ is dominated by a 
linear term in T. The coefficient of the linear term is 0.057 
cal/mole deg 2. This linear term we associate with the spin wave 
contribution to the specific heat. 12 Assuming the spin waves are 
bosons and using the neutron scattering dispersion relation9 for a 
linear chain antiferromagnet we found in the limit T~O]that the 
coefficient of the linear term in the molar specific heat is 
~=2~R/3K, with K=I0.85 J.9 Using our value for J we obtained 
~=0.O4 cal/mole deg 2, which is about 70% of the value measured. 

In summary, the correlations along the chains above TN, the 
low value of the Mn 2+ magnetic moment, the broad maxima in the 
susceptibility curves, the low value of the long-range magnetic 
ordering entropy and the linear term in the specific heat are 
characteristic of a linear-chain Heisenberg antiferromagnet. 
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Fig. 4. The specific 
heat of CsMnBr 3 and 
CsMgBr 3 �9 
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