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The specific heat of Ni(C.HsN;)2Ni(CN)s (NENC) and its diamagnetic iso-
morph Zn(C2HsN2)2 Ni(CN)4 (ZENC) was measured between nominally 60 mK
and 12 K. The analysis of ZENC specific Lieat explained the origin of the peculiar
linear term observed in NENC magnetic specific heat under 500 mK. The appli-
cability of a pseudoelastic approach for the analysis of ZENC data is discussed.

1. Introduction

In the last years much theoretical and experimental effort was devoted to study dynamic
properties of S = 1 Heisenberg chains with easy plane anisotropy D. The chains with -
strong planar anisotropy (D > [J|) posses an energy gap between the singlet ground
state (SGS) and the first excited level and the concept of (anti)excitons as out of easy-
plane fluctuations from the SGS was proposed {1]. This singlet phase is significantly
different from the Haldane phase (D < |J|) [2]. In this paper we present the results of
the specific heat study of NENC and ZENC. The previous analysis [3] identified NENC
as an S = 1 AF Heisenberg chain with D/k = 6K and D/|J| = 15 £5. The corre-
sponding excitonic contribution to the specific heat provided a good description of the
low- temperature magnetic specific heat data. A slight discrepancy between the data
and theory observed under 500 mK was originally ascribed to the presence of a thombic
term and/or the powder character of the sample (finite length chains). Nevertheless,
the recalculation of the excitonic specific heat with the rhombic term included did not
remove the discrepancy. The simple comparison of the data with the ZENC specific
heat explained the origin of the discrepancy. Here we report the results of a more de-
tailed analysis of the NENC lattice and ZENC specific heat to point out an importance
of a regular separation of lattice contribution.
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Fig.1. (a) Temperature dependence of NENC specific heat;the solid line represents lattice

contribution in the Debye approximation, dashed line is the magnetic contribution. (b) Tem-

perature dependence of the NENC and ZENC specific heat below 500 mK. The circles and
triangles represent the magnetic specific heat after subtracting the lattice contribution us-
ing the Debye approximation and ZENC data, respectively. ZENC data are represented by
squares. The solid line represents the Debye contribution; the dotted line represents the ex-
citonic prediction with D/k=6 K, D/|J| = 15, E/k=0; the dashed curve is the result of the
theoretical prediction for D/k = 6.3, D/|J| =15, E/k =0.7K. .

2. Crystal structure

NENC crystallizes in the monoclinic space group P2;/n, a=7.104 A, b=10.671 A

c=9.940 A, B = 114.68° [3]. The structure is built up from neutral —[Ni(en)s
—NC — Ni(CN); — CN]~ chains running along the c-axis with no bonding among
them. Consequently, NENC posseses all structural features necessary for a quasi - one*
dimensional system. ZENC represents a diamagnetic isomorph of NENC with a=7.17

A, b=10.606 A, c=10.091 A, § = 115.91° [4).

)

3. Experimental

The specific heat measurements of powdered coin-shaped (15 mm in diameter and 2
mm thick) samples of 0.1 g were performed in two experimental devices. For 60mK <
T < 2.5K, the dual slope method was used in a dilution refrigerator 3], at higher
temperatures, standard adiabatic calorimetry was used in a 4He cryostat. The overall
accuracy of the dual slope data is better than 5% while a 3% accuracy was achieved
with the adiabatic technique.
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Fig.2: Temperature dependence of ZENC specific heat (circles); the dashed line represents the
lattice contribution in the Debye approximation;the solid line is the result of the pseudoelastic
approach. The detailed look at the difference between the data and theoretical predictions
below 4 K is shown in the inset.

4. Results and discussion

NENC: Only lattice and magnetic systems contribute to the total specific heat. The
lattice was separated by a standard procedure based on the finding the tempera-
ture region where the data may be described by the equation C(T) = aT~2 + bT3.
The T3 term represents the low temperature lattice contribution in the Debye ap-
proximation, while a7~2 describes the high temperature magnetic specific heat be-
haviour. For 5K < T < 9K, a least squares fit yielded a = 69 £ 3.5JK/mol and

b= (3.55+0.15)x10~3J/ K*mol (Fig.1a). The value of magnetic entropy Sm calculated

from the data after the lattice separation is 8.67 J/K mol which represents 95% from the
theoretical R.In{2S+1) for S=1 system. This way of lattice subtraction led to the ap-
Pearence of a discrepancy between the data and the excitonic prediction observed. under
900 mK (Fig.1b). In'order to obtain a better estimation of lattice contribution, a scaling
procedure [5] was applied using ZENC; then C(lat,T)= C(ZENC,rT){1+(dlnr)/(dInT})],
where r is a scaling factor. The analysis yielded r & 1, thus in the first approximation
QQ.Exﬂv ~ C(ZENC,T). The Sy, recalculation using C(lat,T) yielded 8.40 J/K mol
which is 3% lower than the previous experimental value. Despite of the slight entropy
change which is within the measurements accuracy, the agreement between low tem-
DPerature magnetic specific heat and the excitonic contribution is significantly improved
(see Fig. 1b).

ZENC: The specific heat is shown in the Fig.2. The data were also fitted by
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o;mvxwolm.\\blﬁ:& yielded ©p = 103K and is very near to that obtained for NEN
which supports the correctness of the scaling procedure; the discrepancy between th
theory and data below 4 K indicates a presence of other terms which might result fro
the nature of the chain-like system (inset of Fig.2). To verify this assumption, the pseu
doelastic approach [6] which takes into account an anisotropy of the system was used
the theoretical prediction is: Cp = Fi(0,0.,T) + F1(6:,0.,T)+ F3(20,,20.,T); F,
is the contribution of longitudinal and transverse modes spreading perpendicularly to!
the chain, Fy represents the mode in the chain direction, ©;, ©; and O, are related to
the elastic constants. The fitting procedure in the whole region yielded ©; = 385K
0, = 245K , O, = 38K (Fig:2). Since the curve is nearly identical with the Debye
prediction, the anomaly below 4 K cannot be ascribed to the anisotropy which should J
dominate at higher temperatures. This explaines the fact that the description of the
quasi-linear term under 4 K by one-dimensional Debye function (system of independent®
chains), did not give physical results. Since the anomaly was also observed on the var-§i
ious independent NENC samples (the calorimetry adenda was subtracted), it could be
an intrinsic property associated with the powder character of the samples.

5. Conclusion

The analysis showed the importance of a regular separation of lattice, especially irm,
the magnetic contribution is comparable with the lattice one at lowest temperatures w
Insight into the origin of the anomaly could be provided by performing the experiments;
with sufficiently large single crystals. :
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