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Hysteresis of low temperature thermal conductivity, boson peak
in glassy As,S; and low frequency As,S;, hanocluster vibrations
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! Uzhgorod National University, Voloshin Str.54, 88000, Uzhgorod, Ukraine, e-mail:
v.mitsa@gmail.com
2 P. J. Saférik University in Kosice, Angelinum 9, 040 01 Kosice, Slovakia

The origins of low temperature thermo conductivity and Boson peak are
still remain open to question and are matter of debate [1-8] .We have studied
thermal conductivity in g-As,S; between 2 and 100 K (Fig. 1). Thermal
conductivity is weakly temperature k(T) dependent from 2 to 10 K showing a
plateau region during both cooling and heating (Fig. 1). The jump of value in
k(T) dependence between cooling and heating cycles of g-As,S; were
discovered (see Fig. 1). The values show that the jump of k(T) is greater than
the accuracy of the measurement producing an appreciable deviation from k
values taken during cooling. The appearance of hysteresis in k(T) during
heating was found in range of temperature from 11 to 60 K. The difference
curve of k(T) (heating minus cooling) is complex asymmetric peak in energy
range from 1 to 10 meV (not shown) and reproduces the experimental low-
temperature Boson peak (excess of the density of states over the Debye
prediction). The Boson peak is presented in scale g(m)/o® (curve 4, T=10 K
[2], curve 5, T=293 K) is shown in Fig. 1. For comparison the position of
g(w)o® maximum at 2.65eV in experimental neutron scattering
measurements of g-As,S; the density of state g(w) is indicated in Fig.1 by
arrow . In elastic X-ray scattering the low-energy excitation was observed
around 3 meV [5] (arrow in Fig. 1).

It is known that the BP in the low frequency Raman spectra of glasses
has also been related to the existence of intermediate range ordering (clusters)
[6,7]. The low-lying vibrational of the rigid layer modes in counterpart
crystalline As,S; where found at 25 and 36 cm™ [6]. In order to understand
how these low frequency-modes depends on system the several As-S clusters
(namely branchy-,ring-, and cage-like) were used to calculate the LF Raman
active modes. It was found that only the glass-network forming branchy- and
ring-like clusters have LF vibrational modes. The increasing of length of these
clusters (i.e. by increasing the cluster size) lead to red shift of the lowest
frequency modes. For example, the lowest in frequency vibrational mode at
31 cm™, calculated for As,Si.4» cluster, is shifted to 13 cm™ for As,.4/3Ss.
Calculated LF Raman of i-member rings exhibit a trend similar to those
observed for branchy structures: the frequency position of the LF modes
decreases with increasing cluster sizes. The lowest frequency modes were
calculated at 33, 18, 11, and 9 cm™ for 6-, 8-, 10-, and 12-membered rings,
respectively. The analysis of normal coordinates of these low frequency
vibrations indicate that they are torsional and out of plane bending vibrations
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involving group of atoms and extended even to 3-5 bonds. The atomic
motions for some of these vibrations have a “wavelike” character. The larger
I-member rings and branchy clusters may reproduce the medium range order
in the glass and the localized collective LF vibrations (Fig. 2) and can be
responsible for the low temperature anomalies and BP of g-As,Ss.
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Fig. 1. Thermal conductivity during cooling Fig. 2. Simulated LF vibration of As,Sny,
(curvel,3) and heatin% (curve 2) and LF Boson  clusters (see insert ) density of state g(w)
peak in scale g(®)/® of g-As,Ss. and g(o)/o” of g-As,Ss.

. Zeller R. C., Pohl R. Phys. Rev. B 4, 2029 (1971).

. Sokolov A.P, Kisliuk A., Quitmann D., Duval E. Phis.Rev.48, 7692(1993).

3. Feher A., Yurkin I.M., Deich L.l., Orendac M., Turyanitsa I.D. Physica B. 194-196,
395(1994).

4. Malinovsky V.K., Novikov V.N., Parshin P.P., Sokolov A.P., Zemlyanov M.G.
Europhysics Letters. 11,43(1990).

5. Matsuishi K., Hosokawa S., Tsutsui S., Baron A. Q. Journal of Non-Crystalline Solids .

354, 2669 (2008).

. Zallen R., Slade M. L. Phys. Rev. B, 9, 1627 (1974).

. Holomb R., Mitsa V., Solid State Commun. 129, 655(2004).

. Holomb R., Mitsa V., Johansson P.,Veres M. Phys. Status Sol. C. 7, 885 (2010).

N -

o N o

The influence of X-Ray irradiation on crystal structure

83





