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M O'nva'non Previous study of magneto-structural correlations of four Cu(ll) based organo-metallic compounds with one-dimensional (1d) polymeric structure Cu(en)Cl,, Cu(tn)Cl, Cu(en),SO4 and Cu(en)(H,0),SO,4

(en = C2H8N2,

tn = C3HyoN,) revealed that their magnetic subsystem has pronounced 2d character with effective intralayer coupling Jes/ks = 3 K. The intra-layer spatial anisotropy of exchange cou-

pling indicated in all compounds was described within the S = 1/2 Heisenberg models on the rectangular and zig-zag lattice with nearest-neighbor intra-layer couplings J; > J,.

The purpose of this work is to study the lattice sub system of a low-dimensional magnet, which also has a low-dimensional structure (covalent chains/ladders connected by hydrogen bonds into a 3d structure).
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(a) Local octahedron of Cu(tn)Cl, compound. (b) Crystal structure of
Cu(tn)Cl, with illustration of an elementary cell projected into the
crystallographic plane bc (b) [R. Tarasenko, PhD Thesis, P.J. Safarik

University, 2013].

(a) Local octahedron of Cu(en)Cl, combf)ound. (b)Crystal structure
of Cu(en)Cl, with illustration of an elementary cell projected into
the crystallographic plane ab [R. Tarasenko, PhD Thesis, P.J. Safarik
University, 2013].

Measurements of the temperature dependence of the heat capacity were performed with the Quantum Design Physical Property
Measurement System (PPMS) at the Institute of Physical Sciences, Faculty of Science, UPJS in KoSice. The measurements were carried out
in the temperature range from 1.8 to 300 K in a zero magnetic field for single-crystal samples.

The measurement of Raman spectra was performed using a Bruker vacuum FTIR spectrometer, model VERTEX 80 v with a RAM Il module
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The crystal structure of the Cu (en),SO, with the illustration of the
unit cell projected into the crystallographic plane bc [R. Tarasenko,
PhD Thesis, P.J. Safarik University, 2013].

The crystal structure of Cu(en)(H,0),SO, compound projected into the
ab plane (a) and the ac plane (b). [R. Tarasenko et al., Phys. Rev. B87,
174401 (2013)].

for measuring Raman spectra at the Institute of Experimental Physics of the Slovak Academy of Sciences in KoSice, which has a working
range from 50 to 3500 cm™. Experiments were performed at room temperature on powder samples placed in aluminum capsules. The
power of the laser with a wavelength A = 1064 nm was 50 mW and reproducible vibrational spectra were obtained for the number of scans
2500.

Experimental Results
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Raman spectrum of a polycrystalline sample of Cu(tn)Cl, measured at
room temperature. Arrows indicate the peak positions of the infrared
spectrum measured from 400 cm’™ [R. Tarasenko, PhD Thesis,

P.J. Safarik University, 2013].

Raman spectrum of a polycrystalline Cu(en)Cl, sample measured
at room temperature. Arrows indicate frequencies of IR active
modes [ G. Paliani et al., Chem. Phys.4, 440 (1974)].

The energy of the IR [ G. Palianim et al., Chem. Phys.4, 440 (1974)]
active modes in Cu(en)Cl, at room temperature
(expressed in cm™).

The energy of the Raman active modes in Cu(tn)Cl, at room
temperature (expressed in cm™).
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The temperature dependence of phonon specific heat in Cu(tn)Cl,

(0 monocrystal, A powder sample). The blue line represents Debye

model with 6y = 93 K. The red line represents total phonon specific
heat.

The temperature dependence of phonon specific heat in Cu(en)Cl,
(open symbols). The blue line represents Debye model with
©p = 109 K. The red line represents total phonon specific heat.

Debye model: Einstein's model:
Oscillators have not the same frequency. In this model, the real oscillation spectrum is

replaced by a simplified linear one,

If we assume that the speed of sound is isotropic then
O8p/T x*e*

Cpep = INkg(T/0p) ’ fu (eX—1)2
X = hw/kgT At

~ 32 _ 413
At low-temperatures phonon heat capacity behaves as Cpen = INkg(T/0p) = bT

from which the Debye temperature 0 can be determined:

3 ETE‘LR
o, = |2
D b

Ein — dT

The high-temperature limit of this dependence is Nkg and corresponds to the theorem on equidistribution.
The energies calculated from the IR and Raman data from the table, were used to calculate the
15 contribution of the optical modes in the Einstein approximation.
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Raman spectrum of a polycrystalline sample of Cu(en),SO, meas-

ured at room temperature. Arrows indicate the peak positions of

the infrared spectrum measured from 400 cm™ [R. Tarasenko, PhD
Thesis, P.J. Safarik University, 2013].

Raman spectrum of a polycrystalline Cu(en)(H,0),S0,sample
measured at room temperature. Arrows indicate frequencies of IR
active modes [J. Chem. Crystall., 26(1), 15. (1996)].

The energy of the IR [R. Tarasenko, PhD Thesis, P.J. Safarik Universi-
ty, 2013] and Raman active modes in Cu(en),SO, at room
temperature (expressed in cm™).

The energy of the IR [J. Chem. Crystall., 26(1), 15. (1996)]
and Raman active modes in Cu(en)(H,0),SO, at room temperature
(expressed in cm™).
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The temperature dependence of phonon specific heat in
Cu(en),S04. The blue line represents Debye model with 6, = 100 K.
The red line represents total phonon specific heat.

The temperature dependence of phonon specific heat in
Cu(en)(H,0),S04. The blue line represents Debye model with
Bp = 146 K. The red line represents total phonon specific heat.

Whereas, the acoustic modes contribution can be well described within

All oscillators have the same frequency. The frequency is not function of wave vector k. It describes the Debye approximation Cpep, the specific heat of optical modes can be evaluated

contribution of optical modes to specific heat.
w = Vk dE

using Einstein modes, Cg,. Then, the total phonon specific heat can be
expressed as

k, (h wﬂ)z e ¥o /(kpT)
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CO N CI us | ons - The temperature dependence of specific heat in Cu(en)Cl,, Cu(tn)Cl, Cu(en),SO,4 and Cu(en)(H,0),S0, was studied up to 300 K in zero magnetic field.

. The analysis of the contribution of acoustic modes performed within Debye approximation yielded Debye temperature 0,=147 K, 109 K, 100 K and 93 K for Cu(en)(H20)2S04, Cu(en)ClI2, Cu(en),SO, and

Cu(tn)CI2, respectively.

. Considering available IR and Raman spectra optical modes energies described the data behaviour over the entire temperature range.
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