Vol. 97 (2000) ACTA PHYSICA POLONICA A No. 5

Proceedings of the European Conference “Physics of Magnetism '99”, Poznan 1999

TRANSFER-MATRIX SIMULATIONS
OF LINEAR MAGNETIC SYSTEMS

R. MaTysiak®*, A. CaraMmico D’Aurial, F. EsposiTo? anD U. EsposiTo?®

“Computational Physics Division, Institute of Physics, A. Mickiewicz University
Umultowska 85, 61-614 Poznan, Poland
®Dipartimento di Scienze Fisiche, Universita di Napoli
Piazzale Tecchio, 80125 Napoli, and INFM Unita di Napoli, Italy

The quantum transfer-matrix method was applied to study the finite-
-temperature static properties of the spin S = 1 antiferromagnetic Heisen-
berg chains in a wide range of the single-ion anisotropy and temperatures.
The high-resolution quantum transfer-matrix simulation data are obtained
for the zero-field susceptibility, specific heat as well as for the field-dependent
magnetization. The microscopic parameters of a number of real quasi-one-
-dimensional compounds are found from fitting procedures, some theoretical
approaches are numerically verified and an extension of the technique to a
non-uniform bond alternating molecular magnets is also put forward.

PACS numbers: 75.10.Jm, 75.40.Cx, 75.40.Mg

1. Introduction

Antiferromagnetic spin chains have attracted a lot of theoretical and experi-
mental interest due to their intrinsic quantum properties. The ground state of inte-
ger spin chains was predicted disordered with a gap in the excitation spectrum and
the spin-correlation function decaying exponentially. The existence of the gap has
been well established by various numerical techniques and field-theoretical argu-
ments. The representative physical realizations of the one-dimensional Heisenberg
antiferromagnets (1D HAF) S = 1 with varying anisotropies are the compounds:
NENP [1], YBANO [2], TMNIN [3] and AgVP,S¢ [4].

In recent years a number of new quasi-one-dimensional molecular-based mag-
nets has been synthesized. These compounds are characterized not only by uniform
antiferromagnetic but also non-uniform alternating-bond interaction [5-9].

The aim of this report is to present numerical simulations based on the
quantum transfer-matrix (QTM) technique applicable to 1D HAF to verify some
theoretical results and to compare the simulations with the corresponding experi-
mental data.
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We consider the following bond-alternating S = 1 Hamiltonian

N/2 N/2 N N
H=J1) Ss-1-8u+J2Y S Sup1+ DY (S —gpuBY S, (1)
i=1 i=1 =1 i=1

where Jy, J2 denote the nearest-neighbour interaction constants. We assign the
positive values to J; (i = 1,2) for the antiferromagnetic coupling. D stands for
the single-site anisotropy parameter, B is the external magnetic field which can
be applied along the chain (v = z) or in the perpendicular direction (v = ), g,
is the corresponding gyromagnetic ratio and N is the size of the system.

2. The quantum transfer-matrix technique

We calculate both the canonical partition function defined as Z = Tr e A%,
and the thermodynamical mean values of a quantity described by the self-adjoint
operator .4 which is given by (A4) = %Tr Ae=FM We introduce the operator
R(B) = [IrL, e PMii+1, where H; ;41 represents an interaction Hamiltonian for
the spin pair (S;, Si+1). Using the general Suzuki-Trotter formula, the partition
function Z can be expressed in terms of R .

Z= lim Z, = lim Tr [R(8/m)]™, (2)

m—+00 m—+00
where m is the natural (Trotter) number and Z,, is the m-th approximant to Z.
We note that Z,, can be calculated numerically without any restrictions on the
value of N by the quantum transfer-matrix method [10, 11], changing the transfer
direction. The thermodynamical functions can be found by the derivatives of Z
or, more efficiently, from the corresponding mean values (e.g. the internal energy
or the field-dependent magnetization).

3. Results

In the isotropic limit, we calculated both the susceptibility and specific heat
as well as the field-dependent magnetization. Extensive large-scale simulations in
the interval of parameters appropriate for NENP and other quasi-one-dimensional
chains were also performed [10]. The best-fit parameters found for NENP, CsNiCls,
and YBANO are the following: J/kp = 48 K, D/kg = 7.8 K, g1 = 2.25,
g) =2.20; J/kp =27K, D/kp =135 K, g = 2.23; J/kp =275 K, D/kg = 60 K,
g = 2.33, respectively. The simulations also imply some theoretical consequences
as far as the boson and fermion approximations and strong anisotropy calculations
are concerned [10].

We have also analyzed a number of uniform and bond-alternating molecular—
based chains: (a) the compound trans-[Ni(333-tet)(u-N3)],(ClO4),, — denoted as
1 by [5] and abbreviated here as Al; (b) [FeONgCa¢H14], — considered by [6]
and abbreviated here as A2; (c) the compounds 1 and 2 — considered by [7] and
abbreviated here as A3 and A4, respectively; (d) [Ni(N3)2(tmeda)], — considered
by [8] and abbreviated here as A5; (¢) Nig(EDTA) - 6H,0 considered by [9] and
abbreviated here as A6. It is worth noting that for A6, both the experimental
susceptibility and the magnetic specific heat data are reported [9]. The latter are
difficult to extract and are subject to experimental uncertainties so that they are
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TABLE

Estimates of the best-fit exchange couplings Ji
and J> and the g factor for the compounds listed

in the first column.

An Jl/k’B [K] Jg/ch [K] q

Al | 99.54£2.0 | 63.5+2.0 2.3840.02
A2 | 408.0+0.0 | 90.0415 2.33+0.02
A3} 225+£50 | -25.0+5.0] 2.4540.03
A4 40x1.0 25.0+5.0 | 2.3940.02
Ab5 | 43.0+£1.0 13+0.5 2.35+0.02
A6 106+10 | 3.3+05 2.2040.02
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usually not available. Our accurate QTM simulations for the compounds A1—-A6
and the subsequent fitting analyses to the experimental susceptibility data lead to
the values for the best-fit parameters listed in Table.

Our results for A6 are presented in Figs. 1 and 2 as the temperature depen-
dence of the molar susceptibility in [memu/mole] and the specific heat in dimen-
sionless units, respectively. The measured values are plotted with the diamonds
and the best QTM fit is drawn with the dotted line. They reveal a pronounced
anisotropy D =5+ 1 K.
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Fig. 1. The molar susceptibility xy in [memu/mole] versus temperature for A6. The
measured values are plotted with the diamonds and the best QTM fit (with J; =
-106+10K, o = -33+05K, g =220240.02 D =5=%x1.0 K) is drawn with
the dotted line.

As far as the susceptibility is concerned, for all the alternating chains the
agreement between experiment and theory is within 3 = 4%. We also demonstrate
in Fig. 2 that our estimates of the specific heat are consistent with experiment
for the same couplings. At low temperatures, the deviations to some extent might
be attributed to the uncertainties of our numerical data (lower than 5% above
T =5 K), whereas for higher temperatures this explanation should be ruled out.
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Fig. 2. The specific heat of A6. The measured values are plotted with the diamonds
and the best QTM fit (with J; = -10.6£1.0K, J, = -3.3£0.5 K, g =2.20+0.02, D =
5+ 1.0 K) is drawn with the dotted line.
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