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Finite-chain approach to the study of CsNiC13
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The specific heat and magnetic susceptibility of the antiferromagnetic Heisenberg chain have been cal-
culated using a numerical finite-size technique. An agreement with experiment for the quasi-one-

dimensiona1 compound CsNiC13, which displays a Haldane gap, is revealed.

In some recent papers' 3 we have applied a numerical
finite-size method to study the thermodynamic properties
of two compounds, CHAB [(C6HiiNH3) CuBr3] and
CHAC [(C6H»NH3) CuC13], which are well represented
by spin -—,

' ferromagnetic chains. In this paper we extend
previous finite-size results to spin-1 systems. We focus
our attention on CsNiC13, a good realization of a quasi-
one-dimensional antiferromagnetic system, which has re-
cently been employed to yield experimental evidence of
the Haldan gap. '

Quasi-one-dimensional magnets have attracted a great
deal of interest due to nonlinear spin dynamic efFects and
the recognition of the role of the spin value for the
ground-state critical properties. For CsNiC13, it has
been established from susceptibility measurements
J/ks =26 K and g =2.20, in agreement with the
specific-heat measurements, yielding J/ks =27 K.
However, recent neutron-scattering experiments, ' per-
formed in order to test the Haldane conjecture, have led
to a somewhat higher value, J/k&=33. 2 K. Since the
experimental temperature range 10K & T ~ 60 K is acces-
sible by our numerical calculations, we have performed a
complete fitting procedure, taking into account the exper-
imental data for the specific heat and for both the parallel
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and we impose free-boundary conditions. %'e diagonalize
the Hamiltonian, taking advantage of the conservation of
the z component of the total spin when the external field
is zero or is applied along the chain. We also use the fol-
lowing symmetries: reversal of aH the spins in the z direc-
tion, and inversion of the chain with respect to the
center. We express the specific heat and the susceptibili-
ty in terms of the eigenvalues and eigenvectors for a
chain of X spins, ' and we perform a linear extrapolation
for 1 /X —+0.

From our finite-size calculations, we have found the
best fit with the following set of parameters:

J/ka =27+3 K, D/J= —0.05, g=2. 23 . (2)

Our values confirm the previous findings. In particular,
our g value agrees very well with the one found from the
ESR experiment. ' The slight anisotropy in the experi-

(gi) and perpendicular (gi) susceptibility.
The finite-size numerical approach follows the lines of

our previous papers. ' '" We consider a finite chain of
N spins, with X 8, described by the Hamiltonian
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FIG. 1. Specific heat of CswiC13. The open circles refer to
experimental data. The solid line with error bars gives the
finite-chain results for J/k&=27 K and D/J= —0.05. The
dotted line refers to J/k =33.2 K.
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FIG. 2. Susceptibility of CsNiC13. Solid line: numerical data
for J/kz =27 K and D/J= —0.05. Dashed line: our data for
J/k&=33. 2 K. Errors bars are shown for the solid line. The
symbols report the experimental data: the circles gII and the tri-
angles y&.
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mental susceptibility data can be accounted for by a sma11
anisotropy in g' .

Our numerical results for the zero-field specific heat
are represented in Fig. 1 as the solid line, whereas the
dotted line gives the numerical results for J/k~ =33.2 K.
The corresponding experimental data are represented by
the circles.

In Fig. 2 we plot our numerical predictions for the
parallel susceptibility. The symbols represent the experi-
mental data: the open circles refer to the parallel sucepti-
bility and the triangles to the perpendicular susceptibili-
ty. To avoid an overlap, we skip our estimates for gj.
The dashed curve represents the results we find for

y~~
us-

ing the value Jlkz =33.2 K; they underestimate the ex-
perimental data and the deviations are well above the un-
certainties in our extrapolations, denoted in Fig. 2 by the

vertical error bars.
In conclusion, we have successfully applied our numer-

ical approach to CsNiCl&. We have revealed a quantita-
tive agreement with experiment over a wide temperature
range for the zero-field specific heat and for the parallel
and perpendicular susceptibility. We have also deter-
mined that the value of the exchange parameter inferred
from the neutron-scattering experiment, performed to
test the Haldane conjecture, is not consistent with the
static measurements carried out to date.

One of us (G.K.) would like to thank the Alexander
von Humboldt Foundation for partial support and Pro-
fessor M. Steiner for helpful discussions. We also thank
F. Belardo for his technical aid.

On leave of absence from Institute of Physics, A. Mickiewicz
University, 60-769 Poznan, Poland.

Present address: Faculty of Applied Physics, TU Delft, 2628
CJ Delft, The Netherlands.

'L. S. Campana, A. Caramico D'Auria, U. Esposito, and G.
Kamieniarz, Phys. Rev. B 39, 9224 (1989).

L. S. Campana, A. Caramico D'Auria, U. Esposito, and G.
Kamieniarz, Phys. Rev. B 41, 6733 (1990).

L. S. Campana, A. Caramico D'Auria, U. Esposito, G. Kam-
ieniarz, and R. Dekeyser, Phys. Rev. B 42, 10 765 (1990).

4L. J. de Jongh and A. R. Miedema, Adv. Phys. 23, I (1974).
5W. J. L. Buyers, R. M. Morra, R. L. Armstrong, M. J. Hogan,

P. Gerlach, and K. Hirakawa, Phys. Rev. Lett. 56, 371

(1986).
R. M. Morra, W. J. L. Buyers, R. L. Armstrong, and K.

Hirakawa, Phys. Rev. B 38, 543 (1989).
7H. J. Mikeska, J. Phys. C 11,L29 (1978); 13, 2913 (1980).
F. D. Haldane, Phys. Rev. Lett. 50, 1153 (1983).
D. Moses, H. Shechter, E. Ehrenfreund, and J. Makovsky, J.

Phys. C 10, 433 (1977).
' L. S. Campana, A. Caramico D'Auria, F. Esposito, U. Espo-

sito, and G. Kamieniarz, Physica B 168, 153 (1991).
"G. Kamieniarz and C. Vanderzande, Phys. Rev. B 35, 3341

(1987).
N. Achiwa, J. Phys. Soc. Jpn. 27, 561 (1969).


