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pressure and thermopower measurements
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Abstract

Samples of Hg,_,Re,Ba,Ca,Cu;0s,s superconductor (Hg,Re-1223) were prepared with varying rhenium (Re)
nominal content (0.15 <x<0.20) in order to study the changes on the critical temperature under external hydrostatic
pressure. At low pressures the 07./0P depends strongly on the Re doping and the sample with x = 0.18 shows the
largest measured value. However, thermopower measurements reveal that there is no significant change in the numbers
of carriers for the different Re content (0.15 <x <0.20) meaning that 07./0n is the same for all samples which, in
principle, have an optimal oxygen content. Taking into account that d7,/dP = dT!/dP + [0T./0n][dn/0P] and T, /on
does not depend on the Re content we can argue that the intrinsic term (37 /0P) determines the influence of external

hydrostatic pressure on 7,. © 2001 Elsevier Science B.V. All rights reserved.

PACS: 74.62f; 74.62.Bf; 74.72.Gr
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1. Introduction

After the discovery of high temperature super-
conductivity [1], the highest 7; of 134 K (ambient
pressure) was recorded in the new family of mer-
cury-based superconductors for HgBa,Ca,Cu;0s. 5
[2] compounds. The rhenium (Re) substitution at the
Hg site have improved the preparation of (Hg,Re)-
Ba,Ca,_;Cu,O, in a quartz tube method [3].
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Gao et al. [4] have found that T, increases under
pressure (P), in the range of 0.0-2.0 GPa with a
rate of 1.7 K/GPa, a behavior which was assumed
to be typical of an underdoped sample. Other
measurements with optimally doped samples con-
firmed that 7 increases with a lower rate, reaching
153 K at 15 GPa [5] and the maximum 7; as
function of pressure (7.(P)) rises to 164 K at 30
GPa [6]. A linear 07./0P dependence close to
4 K/GPa for the optimally doped samples was
found in the low pressure range 0.0-1.0 GPa [7].

The Re substitution provides a reduction of cell
volume (chemical pressure), but the effect on T is
distinct of an external hydrostatic pressure [8]. It is
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now generally accepted that an applied external
pressure P induces a charge transfer (PICT) to the
CuO; planes, which leads to a change in T; [9]. The
derivative 07./0n (n being the charge density or
hole concentration) may be estimated phenome-
nologically through the 7.—x—n diagram for P = 0,
which satisfies an inverse universal parabolic be-
havior given by:

Te(n) = TP (1 = (n — nop)’] (1)

where 7™ is the maximum 7;(n) at the optimal
doping n,,. However, since 7; can increase above
the optimal doping 7™, it is clear that another
pressure effect, probably due to structural changes,
is present and it is known as intrinsic effect. Thus
one assumes, for a given compound with a charge
density or hole concentration n, an expansion of
T.(n,P) in powers of P [10]. The linear coefficient
(on the pressure) is given by:

dT./dP = OT! /0P + [0T./0n][0n/dP] (2)

where 07!/0P is the intrinsic term and [07./0n] x
[On/OP] is attributed to PICT. Both 97!/0P and
On /0P depend on the given compound. There is no
theory about the origin of the intrinsic term, de-
spite some attempts have been made to relate it
with changes in the phenomenological attractive
potential of an extended Hubbard model [10].

2. Experimental procedures

In our previous paper [8], the synthesis of
the Hg,_,Re,Ba,Ca,Cu;0s, 5 samples with (0.15 <
x<0.20) was optimized. The X-ray powder dif-
fraction and magnetic characterization of the
samples reveals a unique phase with n» = 3 [8]. The
measurement of resistance under pressure was
performed in a BeCu piston—cylinder cell [8]. The
superconducting transition temperature 7,4 was
determined from the variation of resistance R with
temperature for all the pressure values.

The thermopower measurements were carried
out at constant temperatures [11]. The temperature
gradients V, T of the order of 0.5 K/mm were ap-
plied using a small heating resistance mounted on

the top of the samples, and the V, T were measured
by a calibrated AuFe-chromel thermocouples.

3. Results and discussion

The samples Hg,_ Re,Ba,Ca,Cus;Os.5, x =
0.15, 0.18, and 0.20, have nearly the same 7, ~ 133
K as the pure optimal doped Hg-1223 [8], which it
is in agreement with the thermopower measure-
ments (see Fig. 1). Fig. 1 seems to indicate that
the addition of Re does not produce a detectable
charge variation (or hole content). The thermo-
power data have indicated to be all Re content
samples optimal doped (S(290 K) = 3.0 pV/K)
[12]. Therefore, it can be assumed that the Re
doped compounds have the same P = 0 parabolic
T.(n) of the pure Hg-1223 and consequently the
same small 07, /On.

On the other hand, Fig. 2 shows an unusual
high d7./dP = 4.8(2) K/GPa, at low pressures for
our Re 18% (x = 0.18) sample (starting at 133 K),
which is about three times higher than the value
measured for optimal doped Hg-1223 (Gao et al.
[6]). Since our Hg,  Re,-1223 compound is opti-
mal doped, which is assured by its high 7, ~ 133 K
[8] and the thermopower measurements (Fig. 1),
the second term in the right hand side of Eq. (2) is
zero or very small. This fact implies that the high
dT./dP =~ 4.8(2) K/GPa is due almost entirely to
the intrinsic term.
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4. Conclusions

Based on the analysis above, it can be con-
cluded that the chemical pressure made by the Re
doping produces modification that, under hydro-
static pressure, gives a very large intrinsic term.
The sample with Re 18% (x = 0.18) content has
the maximum variation of 7; (4.8(2) K/GPa) with
external hydrostatic pressure, determined from AC
resistance. The thermopower measurements have
shown that all samples Hg,_ Re,Ba,Ca,;Cu;0s,s
(x =0.15, 0.18, and 0.20) have the same carrier
number (optimal doped). Since 07./0n is very
small for all the samples, the non-equivalent be-
havior under external hydrostatic pressure, among

samples with different Re content, can be related
to the intrinsic term and the PICT term of Eq. (2).

Acknowledgements

We thank the support of CAPES, CNPq,
FINEP, FAPERJ, SOLITTONS, BRAZILCON-
NECTION Co. and CST.

References

[1] J.G. Berdnorz, K.A. Muller, Z. Phys. B 43 (1986) 189.
[2] S.N. Putilin, E.V. Antipov, O. Chmaissen, M. Marezio,
Nature 362 (1993) 236.
[3] J. Shimoyama, S. Hahakura, et al., Physica C 235-240
(1994) 2795.
[4] L. Gao, Z.J. Huang, R.L. Meng, et al., Physica C 213
(1993) 261.
[5] C.W. Chu, L. Gao, F. Chen, et al., Nature 356 (1993) 323.
[6] L. Gao, Y.Y. Xue, F. Chen, et al., Physica C 235-240
(1994) 1493.
[7] E.S. Itskevich, J. Exp. Theor. Phys. 86 (1998) 805.
[8] M.T.D. Orlando, A.G. Cunha, et al., Phys. Rev. B 61
(2000) 15454.
[9] C.C. Almasan, S.H. Han, B.W. Lee, et al., Phys. Rev. Lett.
69 (1992) 680.
[10] E.V.L. Mello, C. Acha, Phys. Rev. B 56 (1997) 466.
[11] B. Zeini, Ph.D. thesis, Shaker Verlag, Aachen, 1998, ISBN:
3-8265-3440-9.
[12] S.D. Obertelli, J.R. Cooper, et al., Phys. Rev. B 46 (1992)
14928.



