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HEAT CAPACITY OF GdBaSr(Cu; ,M,)0; s SUPERCONDUCTOR
(M=Zn AND Ni)
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In this study, GdBaSr(Cu;_My)O7_s bulk samples (M=Zn and Ni; 0<x<0.1) were prepared via solid-state reaction. Specific heat
measurement (measured with thermal relaxation technique using PPMS) shows an obvious specific heat jump around the 7, for
GdBaSrCu;07 5 sample as observed in most of the high temperature superconductors. It shifts towards lower temperature with
increasing of both Zn and Ni doping contents, whose tendency is similar to the decreasing of 7;.. Debye temperature, @p, (derived

from specific heat measurements) calculated at around 10 K is found to be directly proportional to the Tt.
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Introduction

It is generally known that CuO, planes of layered
cuprate superconductors play a major role in the
variation of critical temperature, 7.. Superconductiv-
ity is believed to occur in the Cu(2)-O, sheets
through hole charge carriers, and the oxygen content
of Cu(1)-O chains governs the hole carries
concentration in the Cu(2)-O, sheets. Previous
studies on Zn doped YBa,Cu3O; superconductors
showed Zn atoms mainly take the Cu(2) sites in the
CuO; planes and such substitution may be useful in
understanding the mechanism of superconductivity in
these materials [1, 2]. Zn>" as a non-magnetic ion,
disrupts the local antiferromagnetic correlation of
Cu(2) spin and thereby induces a localized para-
magnetic moment shared by four neighbouring Cu(2)
sites [3, 4]. Since the ionic size and orbital structure
of 3d elements are closed to those of Cu, 3d elements
will occupy the Cu sites if they are substituted into
Cu-based high temperature superconductors.
Besides, the lattice vibration is expected to
influence strongly the electronic properties of high
temperature superconductors (HTSC) especially at
low temperature below the 7.. Recently, various
experimental results point towards the important role
of phonons in the mechanism of cuprate high
temperature superconductors ([5—7] and references
therein). Behaviors of the specific heat measured at
low temperature may probe into the point of the effect
of phonons. Debye temperature derived from specific
heat measurements may provide essential information
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about the role of phonon and its interaction with 7, as
well and this may be very useful for the determination
of the possible mechanism of HTSC materials.

In this study, GdBaSr(Cu; My)O;5 bulk
samples (M=Zn and Ni) where 0<x<0.1 were
prepared via solid-state reaction. The tetragonal
structure of GdBaSrCu;07_; sample perhaps easier to
be investigated compare with other 123-system
HTSC materials whose is in orthorhombic structure.
Moreover, such doping should have significant
effects on the electronic properties of these d-wave
superconductors because of the contrast in magnetic
properties of these elements. All samples were
prepared under the same condition and hence, any
significant variation of the result is assumed to be
irrelevant to the samples’ preparation. Specific heat
of all samples were measured with thermal relaxation
technique using PPMS.

Specific heat measurement from around 0 to
150 K shows an obvious specific heat jump around
critical temperature for GdBaSrCu;07 5 sample as ob-
served in most of the high temperature superconduc-
tors. This specific heat jump seems like shifted to
lower temperature upon increasing of both Zn and Ni
doping contents, which is parallel to the decreasing of
T.. From the low temperature properties of specific
heat, the changes in Debye temperature among these
samples will be investigated and discussed in this com-
munication. Besides, comparison between non-mag-
netic disturbances (Zn-doped samples) and magnetic
disturbances (Ni-doped samples) on the antiferro-
magnetic CuO, plane were also studied.
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Experimental

GdBaSr(Cu;_xM,)O7 5 (M=Zn and Ni; x=0, 0.01, 0.07
and 0.1) polycrystalline samples were prepared by
mixing stoichiometric amounts of high purity
(299.99%) Gd,0;, BaCO;, SrCO;, CuO, ZnO and
NiO powders. The mixed powders were calcined in
air at around 1223 K for 48 h with several intermittent
grindings and natural cooled in furnace. The powders
were then pressed into pellets. The pellets were
sintered at 1223 K for another 24 h and natural cooled
in furnace. The samples were then annealed in
flowing of O, gas at 1223 K for more than 10 h to
increase the oxygen content. After that, the samples
were cooled at 353 K h™' until 873 K and then natural
cooled in furnace to room temperature.

The phases of these samples were examined by
X-ray powder diffraction with CuK,, radiation using a
RINT2000 Wilder-angle goniometer. From the lattice
spacing (d) and relative identified miller index (h, &k
and /) of all peaks observed from XRD pattern, lattice
constants (a, b and ¢) were calculated based on the for-
mula below by manipulated using MathCAD software.

RORORD)

Scanning electron microscope (SEM) micro-
graphs were recorded using a JSM-6300F scanning
electron microscope to determine the variation of
morphology (if any) among all samples. Four-point
probe was used to measure the resistivity of the
samples at room temperature. Magnetization mea-
surements were carried out to determine the super-
conducting behavior (if any) of these samples.

Specific heat measurements from around 0 to
150 K were performed by using PPMS with zero
magnetic field. The same samples as used for magne-
tization measurements were cut into cube shape of
approximately 2 mm in edge length for these specific
heat measurements.

Results and discussion

Powder X-ray diffraction patterns (Fig. 1) show all sam-
ples to be single-phased with tetragonal structure
(space group P4/mmm) since all peaks could be identi-
fied. This reveals that such doping does not change the
structure of these samples. Hence, any phenomenon that
may occur in this study is assumed to be irrelevant to the
structure change among the samples. On the other hand,
it may disrupt the intrinsic properties of these samples.
The calculated lattice constants are shown in Table 1.
The values in brackets are samples doped with Ni and
the rest are samples doped with Zn unless x=0 is sample
without any dopant. Results show slight decrease in a
and b-lattice constant after doped with Zn and Ni.
The decrease is more obvious in c-lattice constant for
both Zn and Ni-doped samples from x=0 until x=0.07.
However, c-lattice constant increases for x=0.1 for both
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Fig. 1 X-ray powder diffraction patterns of GdBaSrCu;07_;
(GdOO), GdBaSI‘Culg()ZHo_O]OL@ (GdZIlO 1 ),
GdBasrCUQg}Zno‘mOp@ (GdZn07),

GdBaSrCungno, 1 O7ﬂ5 (GdZn 1 0),
GdBaSrCuz'ggNio_mO7,§ (GleOl),
GdBaSrCu2_93Nio_07O7,5 (GdN107) and
GdBaSrCungioAlOH; (Gle 10)

Table 1 Resistivity at room temperature (p(300 K)), lattice constants (a, b, c), critical temperature (7;.) and Debye temperature
at 7 around 10 K (®p) of GdBaSr(Cu;_«M,)O7_s samples (M=Zn and Ni)

Lattice constant/A

Doped content x p(300 K)/m€ cm b TJ/K Op/K
a= c

0 1.18 3.854+0.004 11.571+0.007 85+1 297.540.5

0.01 1.30 3.837+0.003 11.550+0.006 81+l 293.940.5
’ (3.35) (3.840+0.004) (11.549+0.007) (82+1) (291.3£0.3)

0.07 1.34 3.837+0.003 11.517+0.005 53+l 289.5+0.3
: (6.48) (3.84310.003) (11.532+0.005) (69+1) (282.5+0.4)

ol 5.12 3.846+0.003 11.542+0.005 - 291.0£0.2
: (7.93) (3.845£0.004) (11.541£0.007) (65+1) (279.4£0.4)

#The values in brackets are samples doped with Ni and the rest are samples doped with Zn unless x=0 is sample without any dopant
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Zn and Ni doping (but still less than x=0 sample). The
decrease in lattice constants is assumed to be related to
the effect of different ionic radius of Cu, Zn and Ni.
Hence, the CuO, plane may play an important role in the
mechanism of superconductivity.

Scanning electron micrographs (SEM) of the inter-
nal section of the GdBaSrCu, ¢9Zny ;07 s sample (one
of the samples’ micrograph in which taken as example
here) is shown in Fig. 2. The micrograph shows the ex-
istence of voids and pores indicating the degree of po-
rosity of the sample. However, there is no significant
variation in microstructure among all the samples as ob-
served by SEM. In addition, measured density of sam-
ples were determined as 4.65+0.03 g cm” for
GdBaSrCu;07 5 sample, 5.20+0.04, 5.57£0.04 and
6.2240.05 g cm™ for Zn-doped samples with x=0.01,
0.07 and 0.1, respectively. For Ni-doped samples, mea-
sured density of samples were 4.47+0.03, 4.23+0.03 and
432+0.03 g cm with x=0.01, 0.07 and 0.1, respec-
tively. On the other hand, the relative density (measured
density divided by ideal density calculated from lattice
constants) was 0.70£0.01 for GdBaSrCu;0; 5 sample.
For Zn-doped samples with x=0.01, 0.07 and 0.1, rela-
tive density were 0.78+0.01, 0.831£0.01 and 0.94£0.01,
respectively. The relative density for Ni-doped samples
with x=0.01, 0.07 and 0.1 were 0.67£0.01, 0.63£0.01
and 0.65£0.01, respectively.

The temperature dependence of magnetization of
these polycrystalline samples are shown in Fig. 3.
Results show that both Zn and Ni doping suppress the
T, of these samples. GdBaSrCu;0; s sample shows T,
at 85 K. For the Zn and Ni-doped sample with doping
content of x=0.01, the 7, decreases to 81 and 82 K,
respectively. Subsequently, for x=0.07 of Zn and Ni
doping, the T, decreases to 53 and 69 K, respectively.
It is no longer a superconducting material for x=0.1
sample doped with Zn. Magnetization measurement
reveals a T, of around 65 K for x=0.1 sample doped
with Ni but it seems like appeared as mix-phases
(superconducting and non-superconducting phase)
since the magnetization is not sharp and lower
compared with others. However, it shows that Zn
doping (as non-magnetic disturbance) suppresses the

g 000149 SEI 15.0kV 1,500

Fig. 2 SEM of GdBaSrCu, 99Zng ;075 sample
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Fig. 3 Temperature dependence of magnetization for
GdBaSrCu3O7,5 (GdOO), GdBaSrCuz_()ano_mOm
(GdZnOl), GdBaSrCu2A93Zn0,O7O7,5 (GdZn07),
GdBaSrCunganm (GdanO),
GdBaSrCUQ'ggNi0_0107,§ (GleOl),
GdBaSrCu2_93Ni0_o7O7,5 (GdN107) and
GdBaSI'CllegNiOA 107,5 (Gle 1 0)

T. more significantly compared with Ni doping (as
magnetic disturbance). Decreasing of T, is related to
the disruption of spin correlation of the antiferro-
magnetic CuO, planes and it is suggested that Zn
doping as a non-magnetic dopant might induce more
unpaired hole carriers compared with Ni doping.
Previous report [8] showed that Zn doping decreased
the O p holes and increased the Cu d holes locally
which is disadvantageous for superconductivity.

Specific heat measurements were carried out
with thermal relaxation technique using PPMS and
the results are shown in Fig. 4. Figures in the inset
show the enlargement of linear relationship at low
temperature and specific heat jump observed (if any)
for each sample. Measurements were done in zero
magnetic field to investigate and compare the effect
of Zn as non-magnetic impurity and Ni as magnetic
impurity on this HTSC sample. Measurements were
taken from around 0 to 150 K but it was difficult to
obtain Cy(7) at the temperature below 6 K because of
the Schottky like anomaly caused by splitting of the
Gd’" ions ground state due to crystal field effect and
such anomaly is usually observed in most of the high
temperature superconductors [9, 10].

The specific heat jump that observed around 7.
clearly shows the second order phase transition of
these samples. This specific heat jump is related to the
difference between the specific heat of electronic
contribution and the specific heat of superconducting
state which has confirmed the bulk nature of HTSC.
Such specific heat jump is shifted to lower
temperature upon Zn and Ni doping and it is parallel
to the decreasing of 7. This specific heat jump is not
obvious for GdBaSrCu, ¢Nij 1075 sample and disap-
peared for GdBaSrCu, 9Zn, ;07 5 sample (non-super-
conducting material). Furthermore, the magnitude of
specific heat jump that observed is reducing upon the
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Fig. 4a Temperature dependence of specific heat (C,/T) for

GdBaSI’CLhOLs (Gdoo), GdBasrCU2lgng0.0]O7ﬁ3
(GdZnOl), GdBaSrCu2_93Zn0_o7O7,5 (GdZnO7) and
GdBaSrCug_ano_IOH; (Gle’ll 0)

decreasing of 7. which indicates a smaller density of
state of electronic states since the superconductivity
has been destroyed by Zn and Ni doping. The
elimination of specific heat jump in this study is not
due to the degree of homogeneity or porosity since
XRD and SEM show no variation in structure and

morphology for all samples.
Debye temperature, ®p at 7 around 10 K of each

sample was calculated according to the Debye model
by the following equation and the results are shown in

Table 1.
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ture and it is similar as in the case of YBCO sample
that reported by Junod et al. [11]. At low temperature
T<Op/10, results show that C,(T)=BT 3 and hence, it is
considering that lattice vibrations or phonons play a
major role in these high temperature superconductors.
Besides, calculations show that ©®p is directly
proportional to the 7T, (for the effect of both dopants)
in the superconducting materials. This coincides well
with the results of YBCO compound [12, 13] and it
would be some interactions between ®p and 7, in
which may provide important information of the
mechanism of superconductivity. As discussed
before, the critical temperature, T, is suppressed more
obviously by Zn doping compared with Ni doping,
but the Debye temperature, ®p, for the samples doped

J. Therm. Anal. Cal., 92, 2008
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with Ni is decreased more than the samples doped
with Zn with same doping content. It may due to the
correlation between Debye temperature and unpaired
hole carriers. However, further investigation need to
be carried out to determine the relationship between
Debye temperature, critical temperature and hole
carriers as well.

Conclusions

In summary, we report the effects of Zn and Ni
doping on GdBaSrCu;0; 5 samples and their pro-
perties through specific heat measurements. The
critical temperature is decreasing with increasing of
both Zn and Ni doping contents. The specific heat
jump that observed around 7. clearly shows the
second order phase transition of these samples. Such
specific heat jump is shifted to lower temperature
upon Zn and Ni doping parallel to the decreasing of
T.. Debye temperature, Op, (derived from specific heat
measurements) calculated at around 10 K is found to
be directly proportional to the T, in superconducting
materials. Besides, at low temperature in which
T<Op/10, results show that C(T)=BT 3 Hence, it is
considering that lattice vibrations or phonons play a
major role in these high temperature superconductors.
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