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The new organic anion-radical salt (N-Me-Tetra-Me-Pz)(TCNQ)2, (Pz = pyrazine) was studied as a low
dimensional magnetic system. Heat capacity and EPR studies were performed in the temperature range from 2 to
300 K. The magnetic susceptibility was measured in the temperature range from 2 to 300 K and in magnetic fields
of 100 mT and 1 T. The magnetic properties of this new system can be described as a dimerized Heisenberg spin

S = 1/2 chain possessing a spin-Peierls transition at 42 K.
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1. Introduction

The spin-Peierls (sP) transition occurs in systems
of uniform low-dimensional Heisenberg antiferromagnets
undergoing a transition to a spin-dimerized state [1]. The
sP transition has a magneto-elastic origin, where the de-
crease of the magnetic free energy due to the formation
of singlet spin pairs outweighs the increase in lattice free
energy arising from the dimerization of the regular array
of spins. The temperature dependences of both the mag-
netic susceptibility and the heat capacity of (N-Me-tetra-
Me-Pz)(TCNQ) is described by a dimerized spin S = 1/2
Heisenberg chain model with the sP phase transition.

2. Experimental method

The temperature dependence of the susceptibility of
a polycrystalline sample (32 mg) was investigated in a
commercial Quantum Design MPMS apparatus in the
temperature range from 2 K to 300 K and in applied
magnetic fields of 100 mT and 1 T, zero-field cooling and
field-cooling. Temperature dependence of the heat ca-
pacity of a pressed pellet (1.8 mg) was investigated in
the temperature range from 2 K to 300 K in zero mag-
netic field using a commercial Quantum Design PPMS.
The ESR spectra of a powder sample (0.3 mg) were mea-
sured in the temperature range from 2 K to 300 K using
the X-band spectrometer Bruker ELEXSYS E500.

3. Crystal structure

The sample preparation method and the detailed
crystallographical characterization of (N-Me-tetra-Me-
Pz)(TCNQ)2 are given elsewhere [2]. The crystal struc-
ture is formed by [N-Me-Tetra-Me-Pz]* cation columns
and two types of TCNQ@ anion-radicals (A and B),
aligned along the ¢ axis (Fig. 1). Whereas the cations

*corresponding author; e-mail: marcela.kajnakova@upjs.sk

are nearly planar, the anions are practically flat. In all
the anion columns, A and B overlap in a slightly different
manner, leading to a weak structural dimerization of the
TCNQ molecules.
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Fig. 1. The insight of the crystal structure of the rad-
ical salt (N-Me-tetra-Me-Pz)(TCNQ)2 in be-plane.

4. Results and discussion

The magnetic susceptibility shows a flat maximum at
~300 K (Fig. 2). At 42 K, the susceptibility bends
abruptly and decreases exponentially to zero, whereas
the low-temperature increase is attributed to free chain.
Such an exponential decrease indicates a transition of the
system from a magnetic state to the state with .S = 0,
typical for the presence of the sP transition.

According to the Bardeen-Cooper-Schrieffer type for-
mula proposed by Orignac et al. [3] for the sP transiton

A(T =0)

Tsp

where A is the energy gap due to the sP transition and
Tsp is the transition temperature. The energy gap in
the excitation spectra reaches to A ~ 108 K (T = 0) [4]
and Tsp = 42 K, then the ratio by Orignac’s theory is
2.47. Consequently, we can consider studied system as a
system in which the sP transition exists.

R 2.47,

(254)


http://dx.doi.org/10.12693/APhysPolA.126.254
mailto:marcela.kajnakova@upjs.sk

Spin-Peierls Transition in (N-Me-Tetra-Me-Pz)(TCNQ)2 255

0.0005 5
2009° 9000
L] ° ° °?
0.0004 °®
L] ° °
0.00025 o experimental data
— 0.0003 - ——Fit y = CIT+ A [T"*exp{-AIT}
° ! 0.00020 €=21210" A =0.9,A=271
o 2 0.00015
5 ooo02f 5 )
= : % 0.00010 of
° 0.00005
0.0001 I g
0.00000 & L
0 10 20 30 40
00000 1 1 1 1 \T ® Il
0 50 100 150 200 250 300 350
T(K)
Fig. 2. The magnetic susceptibility of (N-Me-Tetra-

Me-Pz)(TCNQ)2. Inset: The low-temperature part of
the magnetic susceptibility fitted by formula contain-
ing: paramagnetic impurities part and exponential part
of sP transition [4].
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Fig. 3. The heat capacity measured in the temperature

range from 2 K to 300 K. Inset shows C/T vs. T plot

fitted by a polynomial function. The area over the fit

(between the fit and the experimental data) is used for

a calculation of the possible entropy gain due to the sP

transition.

The temperature dependence of the heat capacity
(Fig. 3) is characterized by of a small peak at ~ 45 K,
which coincides with the temperature of the sharp de-
crease in the magnetic susceptibility (inflection point in
Fig. 2).

As shown by Nakazawa et al. [5], the sP transition can
be detected and enhanced in the derivative of tempera-
ture dependence of the heat capacity, therefore the exper-
imental data of C/T versus T was fitted by a polynomial
function of temperature up to 9th order (Fig. 3 inset).
In this way, we obtain an “excess” of the heat capacity
AC), around the transition peak. The height of the heat
capacity peak (i.e. the peak area above the polynomial
function fit) posses an entropy value of 2.08 J/K-mol,
which yields 36% of total entropy of a system with the
spin S = 1/2. The value of the entropy removal in the
peak area is consistent with the sP image [5]. These fea-
tures of the heat capacity allow us to identify our system
as one undergoing a sP, because if it occurs, additional
entropy, originating from the changes in the soft modes
of lattice vibrations, should be considered [5].

The intensity of EPR signal decreases exponentially
below 45 K (Fig. 4), which agrees with the susceptibility
decrease and with the peak at ~ 45 K in heat capacity.
Such an exponential decrease indicates a transition to
the state with magnetic excitations separated from the
S = 0 (singlet) ground state by an energy gap typical for
the sP transition [6]. The intensity of EPR transitions
observed below the transition temperature is described
by thermally activated behavior with the formula in the
Fig. 4.
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Fig. 4. The temperature dependence of the integral in-
tensity of EPR signal.

5. Conclusions

The new organic magnetic system studied in this work
has been identified as a dimerized Heisenberg spin S =
1/2 chain that possesses a spin-Peierls transition. This
description was observed experimentally by the tempera-
ture dependences of magnetic susceptibility, heat capac-
ity, and EPR, and was confirmed by comparison with the
predicted theoretical expectation.
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