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Abstract

Samples with different fractions of structural modulation were synthesized in order to study the effect of a defective
modulated structure on the critical temperature 7, of Hg-1234. Electron microscopy revealed the existence of modulated
and unmodulated Hg-1234 structures in these samples. Measurements of critical temperature 7; on these samples re-
vealed that the structural modulation significantly suppresses the 7.. For the Hg-1234 sample without the structural
modulation, the 7, was found to be close to the highest 7. for the Hg-1223 phase.
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1. Introduction

The mercury-based superconductors HgBa,Ca, ;-
Cu,0,,.2.5 are of great interest since the highest critical
temperature 7. was measured in this system for Hg-1223
[1]. The critical temperatures were reported as 7, = 94 K
for Hg-1201 (n = 1) [2], T. = 121 K for Hg-1212 (n = 2)
[3], . = 133 K for Hg-1223 (n = 3) [1]; however, for the
fourth member Hg-1234 (n = 4), the T, was reported as
T. = 126 K [4] or T. = 116 K [5]. With an increasing n of
the conductive Cu-O layers, the T; increases until Hg-
1223 and then decreases unexpectedly. Our recent work
revealed novel modulated structure in the Hg-1234
phase [6]. In this work, 7. measurements were carried
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out on the Hg-1234 samples and an attempt was made to
correlate the 7.’s with the phase structures.

2. Experimental

Samples were synthesized under different conditions,
for details see [6]. Among them, sample A was prepared
at 1323 K and 3.5 GPa for 3 h, and sample E, 1223 K and
3.5 GPa for 3 h. The TEM samples were prepared by
depositing crushed powders on Cu grids coated with
carbon films, then examined in JEM-4000EX with a
resolution of 0.17 nm at 400 kV. DC magnetic suscepti-
bility measurements were performed on samples with a
Quantum Design MPSP-2 SQUID magnetometer oper-
ating in the temperature range of 5-300 K at 100 Oe.

3. Results and discussion

The samples prepared under different conditions [6]
exhibit different structural features as revealed by
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Fig. 1. Electron diffraction patterns along [1 10] from the sample A (a) and E (b) respectively.

electron microscopy. Despite of the trace of impurity
phases, there exist two distinct different Hg-1234 struc-
tures: one is the modulated structure as reported previ-
ously [6], and another one is the parent phase without
structural modulation. Two typical examples of the
samples A and E are given here. In the sample A pre-
pared at higher temperature (1323 K), a large fraction of
modulated structure was observed, as shown by the
electron diffraction pattern in Fig. la along the [110]
zone axis, where extra reflections in pairs are present
between the fundamental reflections, indicating the
modulated structure. The modulation vector was deter-
mined as q = (0.036-0.048)b" + 0.5¢*. In the sample E
prepared at a lower temperature of 1223 K, no evidence
of the modulated structure was found from the electron
diffraction patterns or high-resolution images. A typical
example of the electron diffraction pattern along the
[110] zone axis is shown in Fig. 1b, where only the
fundamental reflections are present.

The DC magnetic susceptibility measurements are
made for these samples as shown in Fig. 2. It is found
that the T is strongly related to their structural perfec-
tion. For the sample A with a large fraction of modu-
lated structure, the 7, is measured as 117 K, which is
close to the T; of 116 K reported by Loureiro et al. [5].
However for the sample E without structural modula-
tion, the T, is measured as high as 131 K, which is close
to the highest T, of Hg-1223 (133 K) [1]. It is evident that
the defective structural modulation significantly de-
creases the critical temperature (Fig. 2).
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Fig. 2. DC magnetic susceptibility of the samples A and E.
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