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Abstract
Thermal conductivity κ(T ) and thermoelectric power S(T ) studies on
(Y, Gd)Ba2(Cu1−xMnx)3O7−δ (x � 0.02) superconductors are presented
here. Thermal conductivity for all the samples exhibits a hump below the
superconducting transition temperature Tc. The peak height of the hump
decreases with the Mn content in both the Y- and Gd-based systems, barring
GdBa2(Cu0.99Mn0.01)3O7−δ. The peak height reduction in the Gd-based
cuprates is much faster (∼one fourth) compared to the Y-based samples. The
thermoelectric power (TEP) of the Y-based samples for x � 0.0075 is electron-
like (up to ∼140 K) whereas it turns to hole-like even at x = 0.005 for the
Gd-based system. On the basis of the structure of the thermal conductivity
hump, and of the electron- or hole-like nature of the thermopower, it has
been argued that, in the Y-based system up to x = 0.0075, Mn produces
qualitatively the same effect as Gd in the Gd-based system. An analysis of
the thermal conductivity data in terms of lattice theory, and the TEP data in
terms of a narrow-band picture, has been made to invoke the role of Mn in
these systems. Boundary scattering, point defects and sheet-like faults (from
κ(T ) data analysis) and chemical potential (from S(T ) data analysis) support
different roles of Mn for x � 0.0075 and x > 0.0075.

1. Introduction

It is well established that partial substitution in cuprate superconductors in general leads
to a change in the various properties of the pristine system [1–13]. Following such a
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route the practical applicability of the material may also be greatly enhanced. As far as
cuprate superconductors are concerned, relatively little work seems to have been done on Mn
substitution, possibly due to its small solubility [1–7]. However, Mn doping is of great physical
significance from the theoretical point of view due to some common features between the
various transition metal ions. Interestingly, the transition temperature Tc of the Mn-doped (at
Cu sites) YBa2Cu3O7−δ (Y-123) system is only slightly affected by the Mn content [1, 2, 6, 7]
unlike in the GdBa2Cu3O7−δ (Gd-123) system [3]. Regarding the thermal behaviour of
YBa2Cu3O7−δ with other dopants at Cu sites, Loram et al [14] have studied the specific heat of
Co-doped YBa2Cu3O7−δ, while Sisson et al [15] have studied the specific heat of the Zn-doped
YBa2Cu3O7−δ system. The thermoelectric power of Zn-, Pr- and Ca-doped Y- or Gd-based
123 systems has also been investigated [8–10]. Suleiman et al [11], Houssa et al [12], and
Williams et al [13] have made studies of the thermal conductivity of the YBa2Cu3O7−δ system
by taking Co, Zn and Yb, Dy and/or Sr dopants, respectively. There are, however, only a few
reports on thermal measurements of the Mn-doped YBa2Cu3O7−δ system [3, 5, 7]. In particular,
Gasumyants et al [5] and Samuel et al [7] have made a study of the thermoelectric power of the
Mn-doped YBa2Cu3O7−δ (Y-123) system, and Rao et al [3] have investigated the specific heat
of the Mn-doped YBa2Cu3O7−δ and GdBa2Cu3O7−δ systems.

A recent study by us [16] on a comparison of the effect of Mn on the resistivity of
the YBa2Cu3O7−δ and Y0.95Pr0.05Ba2Cu3O7−δ systems has revealed a significant ‘electronic
effect’ for the 0.5% Mn content sample. ‘Electronic effect’ here refers to either one or both
of the following two processes: (1) electron transfer from or to Mn; (2) spectral weight
transfer. In fact, aliovalent substitutions may produce electronic effects or simply behave like
magnetic or electric scatterers to the excitations of the present system. In the present paper
we extend the above type of comparison to make a detailed analysis of the effect of Mn by
comparing the thermal transport (thermal conductivity and TEP) of the YBa2(Cu1−xMnx)3O7−δ

and GdBa2(Cu1−x Mnx)3O7−δ systems. Thermal conductivity data is used for extracting
information on the superconducting state of the Mn-substituted cuprates. TEP, being more
sensitive to defects when compared to resistivity data, is considered to extract information
about the normal state.

2. Experimental techniques

Samples of the YBa2(Cu1−x Mnx)3O7−δ and GdBa2(Cu1−x Mnx)3O7−δ systems in the nominal
doping range 0 � x � 0.02 were synthesized following the solid-state reaction route, as
described elsewhere [3]. Thermal conductivity (κ) measurements in the range 10–140 K were
carried out in a closed-cycle refrigerator, using a direct-pulse technique. Samples were cut
to a rectangular parallelepiped shape with typical sizes of 1.5 × 1.5 × 5.0 (mm3). One end
was thermally glued to a copper block (heat sink), and a calibrated chip resistor (100 �),
which served as a heat source, was glued to the other end. The temperature difference was
measured by an E-type differential thermocouple with junctions thermally attached to two well-
separated positions along the sample. The temperature difference was controlled to less than
1 K to minimize the heat radiation. The measurements were steady-state experiments. During
measurements the sample space was maintained in a good vacuum (better than 10−4 Torr).
Measurements of the thermoelectric power (S) in the temperature range 10–140 K were
performed using a dc pulse technique. The Seebeck voltage was detected using a pair of
thin Cu wires electrically connected to the sample with silver paste at the same positions as
the junctions of the thermocouple. Stray thermal e.m.f.s were eliminated by applying long
current pulses (for about 100 s) to a chip resistor that serves a heater where the pulses appear
in an off–on–off sequence. All experiments were performed on a warming cycle at a slow rate
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Figure 1. Temperature dependence of thermal conductivity (κ) of YBa2(Cu1−x Mnx )3O7−δ for
x � 0.02. Solid lines show the fitting with the experimental data for x � 0.02. Dashed line is the
fitting with the parameter p = 0.92.

of �20 K h−1. The reproducibility of the S(T ) and κ(T ) measurements is better than 2%,
while the uncertainty in κ is about 10%, mainly due to error in the determination of sample
dimensions.

3. Thermal conductivity

The thermal conductivity of the YBa2(Cu1−x Mnx)3O7−δ and GdBa2(Cu1−xMnx)3O7−δ

systems in the temperature range 10–140 K (figures 1 and 2) depicts a hump below their
respective Tc values. The hump signifies the occurrence of electron–phonon interaction in
the lattice theory of thermal conductivity [17, 18]. In order to analyse the hump structure
we consider the peak temperature Tpeak with the peak value of the thermal conductivity being
κpeak. Peak height reduction in the Gd-based cuprates is much faster (∼one fourth) compared
to the Y-based samples. Figure 3 depicts the Tpeak values along with the percentage peak

enhancement E = 100[ [κpeak−κ(TC)]
κ(TC)

] with respect to the κ(Tc) value. Tpeak and E vary in a
similar fashion for YBa2(Cu1−xMnx)3O7−δ with Mn content �0.0075 and are opposite to each
other thereafter, while for GdBa2(Cu1−x Mnx)3O7−δ the variation in Tpeak and E is opposite to
each other for the entire range of Mn content (0–0.02). The main reason for such different
behaviour in the two systems is attributed to the magnetic character of the Gd3+ ion vis-à-
vis the non-magnetic Y3+ ion. Since Mnk+ (k = 2, 3, 4) also has magnetic character, the
YBa2(Cu1−xoMnxo)3O7−δ system will also have an extra magnetic effect for xo > 0. Then it
may happen that, for some value of xo, the doping of Mn in YBa2(Cu1−x Mnx)3O7−δ leading
to YBa2(Cu1−xo−x Mnxo+x )3O7−δ , and in GdBa2Cu3O7−δ leading to GdBa2(Cu1−x Mnx)3O7−δ,
would produce qualitatively similar effects. We indeed find that, for x0 = 0.0075, Mn doping
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Figure 2. Temperature dependence of thermal conductivity (κ) of GdBa2(Cu1−x Mnx )3O7−δ for
x � 0.02. Solid lines show fitting with the experimental data for x � 0.02.

produces qualitatively similar effects in YBa2(Cu1−xoMnxo)3O7−δ and GdBa2Cu3O7−δ. In
order to clarify this point, in figure 3 we plot the value of T ′

peak(x) = Tpeak(x0 + x) and
E ′

peak(x) = Epeak(x0 + x) (dashed lines) for the Y-based system for x = 0–0.01. These
values (dashed lines) exhibit similar pattern variations as the corresponding curves for the Gd-
based system. In this sense we may argue that doping of Mn in GdBa2Cu3O7−δ is qualitatively
similar to doping of Mn in YBa2(Cu0.9925Mn0.0075)3O7−δ . We emphasize that such similarities
hold only for x � 0.01. Moreover, the qualitative difference is quite sharp, at least in the case
of the quantity E . In fact, at x = 0.005 the difference is about 50%. Figure 3 also depicts that
both Tpeak and E are in general reduced due to Gd for a given Mn content. The only exception
is in Tpeak at x = 0.02. For x > 0, Tpeak suffers a maximum reduction of 5.5 K at x = 0.01,
where values of E for YBa2(Cu1−x Mnx)3O7−δ and GdBa2(Cu1−x Mnx)3O7−δ are almost equal.

Let us also consider the thermal conductivity data from the viewpoint of the broadness,
�T , of the peaks of the observed thermal conductivity of the YMn and GdMn systems. From
figures 1 and 2 we find that the value of �T for the YMn system is 46.8 K for x < 0.02 and
39.4 K for x = 0.02. For the GdMn system, the values of �T are 45.0, 45.0, 42.1, 37.5 and
38.5 K, respectively, for x = 0.0, 0.005, 0.0075, 0.01 and 0.02, which are lower by about 4%,
4%, 10%, 20% and 3% compared to the YMn system. The difference is considerable only for
the x = 0.01 sample. From table 1 we see that the electron–phonon scattering is quite different
for the YMn and GdMn systems. It thus appears that the large difference in the broadness, �T ,
of κ for the x = 0.01 sample of the YMn and GdMn systems corresponds to the very different
electron–phonon scattering rates.

We now turn to the quantitative details of the thermal conductivity data. From [3]
it may be worked out that the resistivities (ρ) of the YBa2(Cu1−xMnx)3O7−δ and
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Figure 3. Variation of Tpeak and E for the YBa2(Cu1−x Mnx )3O7−δ and GdBa2(Cu1−x Mnx )3O7−δ

systems for various Mn content x . Dashed line shows Tpeak or E with Mn doping with respect to
the YBa2(Cu1−0.0075Mn0.0075)3O7−δ system.

GdBa2(Cu1−x Mnx)3O7−δ samples are in general much larger than 0.14 m� cm. Thus,
according to the Wiedemann–Franz law, the electronic contribution to the thermal conductivity
will in general be much smaller than L0T/ρ ≈ 0.0175 T. (Here, L0 = 2.45 × 10−8 W � K−2

is the Lorentz number.) This magnitude is quite small in comparison to the measured thermal
conductivity. Thus, we analyse the observed thermal conductivity in terms of the lattice thermal
conductivity only similar to that followed in [17, 18] and unlike Houssa and Ausloos [19], who
analysed the thermal conductivity of cuprates in terms of electronic models.

In the lattice model, the thermal conductivity is contributed by a number of
processes [17, 18] out of which the following are significant: (1) boundary scattering of
phonons; (2) scattering of phonons from point defects; (3) scattering of phonons from the strain
field of sheet-like faults; (4) electron–phonon scattering; and (5) phonon–phonon scattering
(Umklapp process). We consider these five processes in a way similar to that described by
Tewordt and Wolkhausen [17] and by Peacor et al [18] to obtain the following expression of
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Table 1. Values of parameters A, α, β, γ , θD, 2�(0)/kBTC and U according to the fitting of equation (1) with the thermal conductivity data of
YBa2(Cu1−x Mnx )3O7−δ and GdBa2(Cu1−x Mnx )3O7−δ for various x . Tc values taken from figures 1 and 2 are also shown here.

Sample
Tc

(K)
A
(cm K mW−1)

α

(cm K mW−1)
β

(cm K mW−1)
γ

(cm K mW−1)
�D

(K) 2�(0)/kBTc

U
(cm K mW−1)

YBa2Cu3O7−δ 91.2 0.09 27.0 1.26 1.89 384.5 5.0 3.7
YBa2(Cu0.995Mn0.005)3O7−δ 90.3 0.14 16.1 1.96 3.92 396.5 3.7 5.9
YBa2(Cu0.9925Mn0.0075)3O7−δ 89.9 0.11 22.0 1.54 2.20 393.5 3.7 4.7
YBa2(Cu0.99Mn0.01)3O7−δ 90.2 0.08 37.6 1.12 1.12 392.5 3.4 2.3
YBa2(Cu0.98Mn0.02)3O7−δ 86.5 0.10 29.0 1.40 2.95 391.5 3.2 3.2
GdBa2Cu3O7−δ 91.8 0.36 105.8 5.09 8.75 383 4.1 12.0
GdBa2(Cu0.995Mn0.005)3O7−δ 91.8 0.39 113.3 5.47 5.86 393 2.9 5.8
GdBa2(Cu0.9925Mn0.0075)3O7−δ 90.4 0.62 74.5 8.70 14.29 388 2.6 6.2
GdBa2(Cu0.99Mn0.01)3O7−δ 89.2 0.53 63.2 7.37 14.74 384 2.3 10.0
GdBa2(Cu0.98Mn0.02)3O7−δ 86.3 0.85 56.4 11.97 22.22 393 2.2 5.1
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the thermal conductivity within a lattice model:

κ = t3
∫ θD/T

0

u4eu

(eu − 1)2s(t, u)
du (1)

where

s(t, u) = A + αt4u4 + βt2u2 + γ tug(u, y(t)) + Ut4u2 (2)

with t = T
Tc

as the reduced temperature, and y(t) = �(t)
kBTct .

Here, 2�(t) is the superconducting energy gap at the reduced temperature t . In the present
study, for �(t) we have used the BCS-like t-dependence:

�(t) = �(0) tanh(b{t−1 − 1}1/2). (3)

In fact, this t-dependence has been used by many authors in the high-Tc literature [19, 20], with
the values of b lying between 1.7 and 2.2. Specifically, we have taken b = 2.0 in the present
analysis. In equation (2), A is a constant, which is proportional to the boundary scattering. The
parameters α, β, γ and U represent, to within a constant, the scattering rates of phonons with,
respectively, the point defects, sheet-like faults, electrons and phonons. The function g(u, y(t))
in equation (2) is defined, for example, by equation (8) of Tewordt and Wolkhausen [17].
g(u, y) decreases with increasing y in the interval 0 � u � 2y. The decrement of g(u, y)

corresponds to the decrease in superconducting quasi-particles. At u = 2y, g(u, y) shows a
step signifying the onset of the excitation of pairs of quasi-particles for u � 2y. We emphasize
that it is the structure of g(u, y) which causes the hump in κ between T = 0 and T = Tc

(figures 1 and 2).
We have obtained values of the parameters A, α, β, γ and U for different Mn contents

by fitting the experimentally observed thermal conductivity with equation (1) for both
YBa2(Cu1−x Mnx)3O7−δ and GdBa2(Cu1−x Mnx)3O7−δ (table 1). The solid lines in figures 1
and 2 refer to the fitting of equation (1) with experimental data for various x . In
general, the fitting is poor between 36 K and Tc except for the x = 0.02 sample of
GdBa2(Cu1−x Mnx)3O7−δ. We attribute it to the highly asymmetric nature of the data about
Tpeak, while the theory used by us (equation1) leads to an almost symmetric variation of κ

about Tpeak when the peak height (E) is large. In fact, for low E the hump structure tends to
be symmetric. This is clear from the figure 2 of Peacor et al [18] and also from the figure 2 of
Tewordt and Wolkhausen [17]. Since our data, except for the x = 0.02 sample of the Gd-based
system, correspond to large values of E , it is not possible to bring asymmetry in the hump
structure within the model of equations (1)–(3). One source for the symmetry of κ about Tpeak

is the t-dependence of �(t) of equation (3). We have found that when the square-root part
(t−1 − 1)1/2 of equation (3) is replaced by (t−1 − 1)p then the agreement of experimental data
with the theory becomes better for p > 1/2. For example, for the x = 0 sample of the Y-based
system the agreement between theory and experimental becomes quite good for p = 0.92 and
2�/kBTc = 7.0. The value of A is slightly decreased to 0.08 cm K mW−1, α is increased
to 31.5 cm K mW−1, β is decreased to 1.15 cm K mW−1 and γ is considerably enhanced
to 2.71. For cuprates these values of p and 2�/kBTc are quite reasonable. We emphasize
that the discrepancy in the fitting of experimental data with equation (1) is present for all the
samples. However, a relative study of the effects of different Mn contents on the thermal
conductivity of GdBa2(Cu1−x Mnx)3O7−δ is still expected to be useful. Further, we notice from
table 1 that 2�(0), although different from that for a BCS superconductor (= 3.5kBTc), is
finite for all values of Mn content. Thus the thermal conductivity data does not support gapless
superconductivity.

We now consider the relative values of the parameters A, α, β , γ and U . It is interesting
to note that, for the YBa2(Cu1−xMnx)3O7−δ system, A, β and γ follow the same qualitative

7
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Figure 4. Temperature dependence of thermoelectric power (S) of YBa2(Cu1−x Mnx )3O7−δ for
x � 0.02 up to 200 K. Solid lines show fitting with the experimental data for x � 0.02.

variation as E , whereas the variation of α is opposite to E . Thus in YBa2(Cu1−xMnx)3O7−δ

the hump structure in κ appears to be related independently to the boundary scattering,
sheet-like faults and electron–phonon interaction. In the case of GdBa2(Cu1−xMnx)3O7−δ

superconductor, only the phonon–phonon interaction term U appears to relate to E completely,
although γ also shows a relation to E up to x = 0.01. Thus, in this system the boundary
scattering, point defects and sheet-like faults combine together to drive the hump structure.

Let us now examine the role of Mn from the superconductivity viewpoint. From table 1
we see that the gap ratio 2�(0)/kBTc changes significantly up to x = 0.005 substitution
of Mn in both Y- and Gd-based systems. Further doping (x > 0.005) has little effect on
2�(0)/kBTc. If we interpret the significant change in the gap ratio by x = 0.005 Mn in
GdBa2(Cu1−x Mnx)3O7−δ due to the magnetic effect of Gd ions, we should expect, in view of
the proceeding similarity of GdBa2Cu3O7−δ with YBa2(Cu1−x Mnx)3O7−δ , a significant change
in 2�(0)/kBTc above x = 0.0075 in YBa2(Cu1−xMnx)3O7−δ which, however, is not the case
(cf table 1). This means that the magnetic effect (due to Gd ions or Mn ions) does not play
a significant role in the superconducting pairing process. We expect a similar possibility on
the basis of the Tc values too. This is because the decrease in Tc by x = 0.005 Mn with
respect to the x = 0 sample and that by x = 0.01 Mn with respect to the x = 0.0075 sample
are similar. The decrements in Tc in these two stages would have been visibly different if the
magnetic effect had any role to play in their Tc degradation. Potential scattering is a possible
source of Tc degradation for the cuprates, being d-wave superconductors [21]. However, if
potential scattering had been completely responsible for the Tc degradation, the decrease in
Tc with Mn should have been monotonic. The non-monotonic decrease in Tc with Mn rules
out the possibility of Tc degradation due to potential scattering only. Thus, along with potential
scattering, some other mechanism is also operating in Tc degradation. The situation for cuprates
suggest that it is an ‘electronic effect’. Whether it is electron transfer or spectral weight transfer
or both will be considered in the next section.

4. Thermoelectric power

The thermoelectric powers, S(T ), of Mn-doped Y- and Gd-based systems are shown in figures 4
and 5, respectively, for the temperature range 95–140 K and are qualitatively similar to that

8
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Figure 5. Temperature dependence of thermoelectric power (S) of GdBa2(Cu1−x Mnx )3O7−δ for
x � 0.02 up to 200 K. Solid lines show fitting with the experimental data for x � 0.02.

observed earlier for various YBa2Cu3O7−δ superconductors [5, 7]. Figures 4 and 5 depict
S(T ) of YBa2Cu3O7−δ and GdBa2Cu3O7−δ to be electron-like in nature and much closer
quantitatively. On the other hand, Mn content of x = 0.01 in YBa2(Cu1−xMnx)3O7−δ and
x = 0.005 in GdBa2(Cu1−xMnx)3O7−δ changes the nature of the TEP from electron-like to
hole-like. Also, the change in magnitude of S with x = 0.01 Mn in YBa2(Cu1−xMnx)3O7−δ

and x = 0.005 Mn in GdBa2(Cu1−xMnx)3O7−δ is of one order. Thus, it is the
YBa2(Cu1−0.0075Mn0.0075)3O7−δ system which shows a similar behaviour of TEP with (further)
Mn doping to the system GdBa2Cu3O7−δ . This means that, both from the qualitative
and quantitative viewpoints, the TEP of YBa2(Cu1−0.0075Mn0.0075)3O7−δ and GdBa2Cu3O7−δ

systems are similar, which substantiates the inference drawn on the basis of the thermal
conductivity analysis in section 3. The behaviour of S in cuprate superconductors has been
considered on various bases, namely the narrow band picture [5], resonance valence bond
theory [22] and on the van Hove singularity [23]. In the present case, we have analysed the
data with the narrow-band picture. In fact, it has been shown that the narrow-band picture
explains the resistivity and Hall effect of the cuprate superconductors as well [5]. The narrow-
band picture describes S in terms of three parameters, namely n, WD and Wσ , where n is the
band filling, WD is the total effective band width of the electronic states (usually higher than
1000 K) and Wσ denotes the effective width of an energy interval for electronic conduction
such that Wσ < WD. We may recast the expression for S obtained in [5] in the form

S = kB

e sinh W ∗
σ

[
W ∗

σ sinh μ∗ + μ∗(cosh μ∗ + exp W ∗
σ )

+ (cosh μ∗ + cosh W ∗
σ ) ln

1 + eW ∗
σ −μ∗

1 + eW ∗
σ +μ∗

]
(4)

where

μ∗ = ln[sinh(nW ∗
D)/ sinh(W ∗

D − nW ∗
D) (5)

9
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Figure 6. Variation of the chemical potential μ with various Mn contents of
YBa2(Cu1−x Mnx )3O7−δ and GdBa2(Cu1−x Mnx )3O7−δ samples. Dashed line shows μ

with Mn doping with respect to the YBa2(Cu1−0.0075Mn0.0075)3O7−δ system.

and

W ∗
σ = Wσ

2kBT
(6)

with

W ∗
D = WD/2kBT . (7)

In equation (4), e is the electronic charge of a carrier and kB is the Boltzmann constant. We now
estimate the chemical potential μ from the narrow band picture for the YBa2(Cu1−xMnx)3O7−δ

and GdBa2(Cu1−xMnx)3O7−δ systems. The chemical potential is given by [5]

μ = μ∗kBT . (8)

According to equations (5) and (7), μ appears to be dependent on T for given values of n and
WD. In order to avoid the problem, we notice that, for 2kBT � WD, μ∗ → (2n −1)WD/2kBT .
When this is so, μ = (2n − 1)WD becomes independent of T . Thus, for low T we can estimate
values of μ for different samples in the framework of the narrow-band picture. This in fact
explains why we have considered the TEP in figures 4 and 5 up to T = 140 K only.

We have fitted the experimental data of TEP with equation (4), and this is shown by solid
lines in figures 4 and 5. The chemical potential μ obtained from such fittings is shown in
figure 6. Comparing figures 4 and 5 with figure 6, μ is found to increase with S(T ) in the
temperature range 100–140 K. Similar conclusions may be drawn by comparing the figures
10–12 of Gasumyants et al [5] and by using the formula μ = (2n − 1)WD. Although such
a comparison with μ = (2n − 1)WD is only roughly true because Gasumyants et al [5] have
carried out fittings up to higher values of T , where μ = (2n − 1)WD is not exactly valid, the
increment of μ with S(T ) will be correct qualitatively. We emphasize that, in the Fermi gas
model, the Fermi energy varies inversely with S(T ). As in the case of the thermal conductivity,
we have also plotted the quantities μ′(x) = μ(x0 + x) for the YBa2(Cu1−xMnx)3O7−δ

samples. This plot is shown by dashed lines in figure 6 and is qualitatively similar to the
behaviour of μ for the GdBa2(Cu1−x Mnx)3O7−δ samples. Thus the fitted values of the
chemical potential provide yet another support to the point that Mn doping with respect
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to the YBa2(Cu1−0.0075Mn0.0075)3O7−δ and GdBa2Cu3O7−δ samples possess similar thermal
behaviours.

From the above, we have seen that, on the basis of the chemical potential, the
considered samples are divided into two categories, namely low-μ samples (μ � 0.44 meV)
(YMn0.0, YMn0.005, YMn0.0075 and GdMn0.0) and high-μ samples (μ � 1.35 meV)
(YMn0.01, YMn0.02 and GdMnx for all x > 0). Since the cuprate systems are not rigid band
systems, doping (by Mn or other elements) also causes spectral weight transfer [24]. Thus,
while changing Mn content to go from the low-μ to the high-μ samples, we expect a large
spectral weight transfer in the system. In fact, the narrow-band approach considered here
for the analysis of the S data is in essence phenomenological in nature. So, a large change
(about five times) in μ is a phenomenological illustration of the spectral weight transfer in
these cuprate systems. Thus we may say that, beyond x = 0.0075 Mn in the superconductor
YBa2(Cu1−x Mnx)3O7−δ, there are electronic effects due to Mn.

5. Conclusions

Thermal conductivity κ(T ) and thermoelectric power S(T ) studies of the Mn-doped Y-
and Gd-based superconducting cuprates synthesized under similar conditions are presented
here. The qualitative behaviour of these quantities below and above Tc, as characterized
by relative variations in Tpeak(x), E(x) and S(x), suggest that Mn plays different roles for
x above and below 0.0075 in the YBa2(Cu1−x Mnx)3O7−δ system. In fact, up to x =
0.0075, Mn plays the role of magnetic ions between CuO2 layers, similar to that of Gd in
GdBa2(Cu1−x Mnx)3O7−δ. On the other hand, beyond x = 0.0075, Mn causes drastic changes
in the YBa2(Cu1−0.0075Mn0.0075)3O7−δ system which are sharp in TEP but not in Tpeak and E .

The main point of the study is that Mn requires a magnetic background to produce a
significant effect in the cuprate superconductors. In YBa2(Cu1−x Mnx)3O7−δ, there is no
magnetic background up to x = 0.0075, but for x > 0.0075 the magnetic background is
provided by the Mn content itself. In GdBa2(Cu1−x Mnx)3O7−δ the magnetic background
is provided by the Gd ions and is operative even for the smaller Mn content (x =
0.005). We have seen in a recent study [16] that, when 5.0% Pr is substituted for Y in
Y0.95Pr0.05Ba2(Cu1−x Mnx)3O7−δ, the effect of Mn appears to reflect the presence of the
magnetic background. In fact, with 5.0% Pr, Mn content of x = 0.005 provides a significant
effect in resistivity and ac susceptibility. In this case, the Pr provides the required magnetic
background. This role of Mn could not be studied in the earlier studies by other authors in
the Mn-substituted Y-based cuprates because, in most of these studies, samples with such low
contents as x = 0.005 and 0.0075 are not considered.
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