Similarity of thermal expansion anomalies in M g By and HT'S oxides
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Abstract

The measurements of thermal expansion «(T) of M gB, were carried out at low temperatures both in zero magnetic
field H and at H ~ 4T'. As for oxide high-temperature superconductors (HTS) the anomalous (negative) thermal
expansion was observed for MgB,. It was found also the strong magnetic field influence on the a(7T). Qualitative
explanation of both effects on the basis of known charge density wave properties was given. The results indicate on
the similarity of the anomalous properties of M gB> and oxide HTS.
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The thermal expansion of M gB, and the magnetic
field influence on it were measured at T' < 60K and
H < 47T. The samples were obtained by the hot high-
pressure method. Measurements of electric, magnetic,
structural, and other properties tested the quality of
these samples. In particular, the large specific heat
jump was observed at T =~ 40K. The density of the
samples was 97% of the ideal X-ray density. The lin-
ear thermal expansion of samples AL/L was measured
by the strain-gauge method with the sensitivity about
1077 [1]. Magnetic field was parallel to the deformation
direction.

The temperature dependence of the thermal expan-
sion AL/L for MgB; at H = 0 is shown in the Fig.1a.
The data fOI‘ YBCLQC’LL307_35 [2], B’igS?‘g CCLCUQ08 [3],
Lay.9S19.1Cu0y [4], and Bag.gs7Ko.13B103 [4] obtained
earlier are given in the Fig.1b. For M gB> the thermal
expansion coefficient a = % g—; is negative in tempera-
ture interval about 7" < 11K. One can see from Fig.1b
that in oxide HTS at low temperatures there are also
areas of negative thermal expansion a(7"). Thus MgB,
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Fig. 1. Temperature dependence of the thermal expansion
AL/L for: a. MgBsz; b. 1) YBasCu3zO7_, (b-lattice parame-
ter along ”b”-axis) [2]; 2) Bi2Sr2CaCu20s (c-lattice param-
eter along ”c”-axis, c¢,, czpo-lattice parameters at 77 < 4K
and 300K) [3]; 3) Lai.9Sro.1CuOy4 (7ab’-plane) [4]; 4)
Bag g7 Ko.13Bi0O3 [4].

compound exhibits the same anomalous property (a <
0 at low temperatures) as the oxide HTS.

The influence of the magnetic field H = 36kOe on
the temperature dependence of the AL/L for MgB; is
shown in the Fig.2a. For comparison the influence of
the magnetic field on the dependence of the AL/L for
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Fig. 2. Influence of magnetic field on the temperature de-
pendence of the thermal expansion AL/L: a. MgBs (curve
1-H = 0; curve 2-H = 3.6T); b. La1.9Sr9.1Cu04 (curve
1-H = 0; curve 2-H = 4T) and Bao.¢Ko.4BiO3 (curve
3-H = 0; curve 4-H = 4T)) [4].

Bag.6Ko.4Bi03 and Lai.9S7T9.1CuO4, also founded by
us, is presented in Fig.2b. One can see that influence of
the magnetic field H ~ 4T on the a(T) magnitude at
low temperatures are anomalously strong for such ma-
terials and area with negative a moves to lower tem-
peratures with growing H.

Both in M gB> and oxide HTS systems the anoma-
lous (negative) thermal expansion at low temperatures
and influence on it of the magnetic field can be ex-
plained by influence of charge density waves on the
crystal lattice stability [4]. From the observed similar-
ities of properties of HTS and M gB> shown in Fig.1
and 2 one can suppose similarities in the nature of the
anomalies.

Acknowledgements

The work was supported by the Russian Foundation
of Fundamental Researches (project 01-02-16395) and
by the Russian Scientific Counsel on HTS Problems.

References

[1] N.V.Anshukova et al. Intern. J. Modern Phys. B12 (1998)
3251.

[2] H.You et al. Phys. Rev. B43 (1991) 3660.
[3] Z.J.Yang et al. J. Supercond. 8 (1995) 223.
[4] N.V.Anshukova et al. JETP Letters 71 (2000) 377.



