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Abstract

In this work the e�ect on the structural and superconducting properties of YBa2Cu4O8 (Y-124) of replacing Cu by Mn was stu-
died. Multimetallic oxide powders with the composition of YBa2(Cu1ÿxMnx)4O8 (x=0.00, 0.01, 0.02, 0.03, 0.04 and 0.05) have been

prepared by a simple aqueous sol±gel method at an oxygen pressure of 1 atm starting from an aqueous mixture of the metal acet-
ates. Homogeneous gels were achieved by complexing copper ions by tartaric acid before the gelation process. Thermal decom-
position of the gels was studied by thermogravimetry. E�ects of manganese substitutions on the properties of compounds were
studied by X-ray powder di�raction, TG analysis, IR spectroscopy and resistivity measurements. These data indicated that the

transition temperature of superconductivity drastically decreases upon Mn substitution, and that superconductivity is lost at 3% of
Mn substitution level. XRD measurements showed that the structure of the Y-124 phase is also largely a�ected even at low man-
ganese-substitutional levels. # 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The search for high-temperature superconductivity
and novel superconducting mechanisms is one of the
most challenging tasks of condensed-matter physicists
as well as material scientists.1ÿ3 The studies on various
substitutions in oxide superconducting systems have
proven to be of great importance since changes in the
critical transition temperature (TC) are usually
observed. For example, the e�ects of non-isovalent
substitutions for Y in the YBCO superconductors have
attracted a great deal of attention in the past.4,5 Results
show that, basically, such doping can vary the hole
concentration in a controlled manner in¯uencing the
superconducting properties of the material obtained.
Doping of di�erent ions at the copper sites in YBCO
superconductors serves as a useful diagnostic probe to
investigate the role of di�erent copper sites in the occur-
rence of superconductivity in these superconductors.6ÿ8 In
almost all such cases, the destabilization of YBCO

superconducting phases and consequently the degrada-
tion of superconductivity in these compounds have been
determined at a low substitutional level.
The YBa2Cu4O8 (Y-124) superconducting compound

is thermodynamically stable and stoichiometric. The
orthorhombic-to-tetragonal phase transition observed
in the YBa2Cu3O7 (Y-123) phase is absent, and thus Y-
124 is an ideal system to study di�erent substitution
e�ects.9,10 For most of the multimetallic oxides the
physical and chemical properties depend largely on
impurities and dopants, besides the compositional
homogeneity, phase purity, surface morphology or
microstructure.11,12 These features, crucial for the pre-
paration of electronic, optic, and catalytic materials, are
dependent on the method of synthesis. Recently we
described the use of an aqueous sol±gel method for the
synthesis of monophasic non-substituted YBa2-
Cu4O8,

13,14 as well as superconducting Y-124 samples
substituted in the yttrium position by Eu15 and Ca,16 in
the barium position by Sr,17 in the copper position by
Fe,15 Co and Ni.18 To date, no systematic studies have
been reported on manganese substitution in the YBa2-
Cu4O8 superconductor, to our knowledge. Such investi-
gations are very interesting from the theoretical point of
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view taking into account some common features of
appropriate metal ions. Manganese is roughly similar to
iron in its physical and chemical properties. The com-
mon and most stable oxidation state of manganese is
the divalent one, and both the elements Mn(II) and
Fe(III) are magnetically similar, since the high-spin d5

electron con®guration is the same for Mn(II) and for
Fe(III). Due to the above mentioned similarities, the
destabilisation of the Y-124 superconducting phase by
substituting Cu by Mn would be expected, as was
observed in the case of iron-substituted samples.
Although Mn(II) is the most stable oxidation state, it
might be oxidized quite readily. Therefore, the situation
might be di�erent if the manganese oxidation state
increased up to+4 during ®nal annealing of the material
in the oxidizing atmosphere. It is well known that the
higher and lower manganese oxides can be inter-
converted by changing the temperature and oxygen
partial pressure, via formation of intermediate oxides,
such as Mn2O3 or Mn3O4. In this case, a non-isovalent
substitution in the Y-124 superconducting phase is pos-
sible, which eventually causes changes in the charge
carrier concentration, consequently in¯uencing the
physical properties of the superconductor. On the other
hand, Er et al.19 have recently con®rmed that Mn at
higher valence states may form Mn(III)/Mn(IV) donor
pairs with a high ability for electron trapping.
The above mentioned considerations have initiated

the present work, motivating us to continue our earlier
investigations on the substitution e�ects in the YBa2-
Cu4O8 superconductor. In the work described herein,
we present a systematic study of Mn substitution e�ects
in the YBa2(Cu1ÿxMnx)4O8 system. The precursor gel
powders and the ®nal synthesis products were char-
acterized by X-ray powder di�raction analysis, thermal
analysis, IR spectroscopy and resistivity measurements.

2. Experimental

2.1. Characterization

The synthesized samples were characterized by X-ray
powder analysis performed with a D5000 (Siemens,
Germany) di�ractometer, using CuKa1 radiation. For
IR studies, a Perkin±Elmer FT-IR Spectrum BX II
apparatus was used. The samples were mixed (1.5%)
with dried KBr and pressed into pellets. Thermal analysis
(TG/DTA) of synthesized gel precursors was performed
on a simultaneous STA 409 thermal analyzer (Netzsch,
Germany). The thermal decomposition of the gels in ¯ow-
ing air was studied in the temperature range 20±1100�C
using a heating rate of 5�C/min. The sample weight was
10±20 mg. With some of the TG measurements simul-
taneous evolved gas analysis (EGA±MS) curves were
recorded by means of a coupled mass analyzer (Balzers,

Germany). Also, the oxygen stability of the ®nal pro-
ducts under oxygen atmosphere was investigated by TG
measurements (heating rate 5�C/min; sample weight 25±
30 mg). A standard four-probe technique was used to
measure the temperature dependence of the resistivity in
the range 20±300 K.

2.2. Synthesis

The YBa2(Cu1ÿxMnx)4O8 samples with x=0.00, 0.01,
0.02, 0.03, 0.04 and 0.05 were prepared by an acetate±
tartrate sol±gel method developed previously for the
synthesis of the pure YBa2Cu4O8 superconductor.13,14

As starting compounds stoichiometric amounts of Y2O3,
Cu(CH3COO)2.H2O, Ba(CH3COO)2 and Mn(CH3COO)2,
all of them analytical grade, were used. In the sol±gel
process Y2O3 or Y ®rst was dissolved in 0.2 M acetic
acid at 55±60�C. Next, Ba(CH3COO)2 and Cu(CH3-
COO)2.H2O or appropriate mixtures of Mn(CH3COO)2
and Cu(CH3COO)2.H2O, all of them dissolved in a
small amount of distilled water, were added with inter-
mediate stirring during several hours at the same tem-
perature. A solution of tartaric acid in water was added
to adjust the pH to 5.6, thus preventing crystallization
of copper acetate during gelation. The obtained solution
was concentrated during about 8 h at 60±65�C in an
open beaker. Under continuous stirring the transparent
blue gel formed. After further drying in an oven at 80�C
®ne grained blue powders were obtained. The precursor
powders were calcined for 10 h at 820�C in ¯owing
oxygen, reground in an agate mortar, and again heated
for 20 h at 820�C reground, pelletized and annealed for
20 h at 820�C in a ¯owing oxygen atmosphere at ambient
pressure.

3. Results and discussion

3.1. Synthesis and characterization of the precursors

A rapid development of multinary metal oxide cera-
mic materials, which are produced from ®ne-grained
synthetic powders using new technologies, has to a large
extent revolutionized both concepts and technology in
the ceramic ®eld. The sol±gel processing route to
advanced glasses and ceramics is a way of manipulating
molecular precursors to form bulk oxide materials.
Moreover, the sol±gel synthesis methods based on
molecular precursors have a decisive advantage over the
other solution routes because they allow chemical inter-
actions among the initial mixture of precursor species
favouring the evolution of the solid-state structure at
the atomic level.20ÿ22 A series of YBa2(Cu1ÿxMnx)4O8

(x=0.00, 0.01, 0.02, 0.03, 0.04 and 0.05) samples were
prepared by an acetate±tartrate sol±gel method devel-
oped previously for the synthesis of the pure YBa2-
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Cu4O8 superconductor.13,14 As starting compounds
stoichiometric amounts of Y2O3 or metallic Y,
Cu(CH3COO)2.H2O, Mn(CH3COO)2, and Ba(CH3-
COO)2, all of them analytical grade, were used. In the
sol±gel process appropriate amounts of Y2O3 or metallic
Y were ®rst dissolved in 0.2 M acetic acid at 55±60�C.
Next, Ba(CH3COO)2 and appropriate mixtures of
Cu(CH3COO)2.H2O and Mn(CH3COO)2, all of them
dissolved in a small amount of distilled water, were
added with intermediate stirring during several hours at
the same temperature. A solution of tartaric acid in
water was added to adjust the pH to 5.6, thus preventing
crystallization of copper acetate during gelation. The
obtained solution was concentrated in an open beaker
and under continuous stirring until it became a trans-
parent blue gel. The precursor powders were dried and
calcined in ¯owing oxygen; see Experimental Section. A
schematic diagram of the processing steps involved in
the preparation of the manganese-substituted Y-124
samples is shown in Fig. 1. To demonstrate the suit-
ability and versatility of our sol±gel approach to the
synthesis of manganese-substituted Y-124 compounds,
we have chosen two starting materials, Y2O3 and
metallic Y, as yttrium source. The choice was based
upon minimum cost and maximum availability. The
results of characterization of precursor gels and ®nal
oxide ceramics for the two di�erent synthesis routes
(whether Y2O3 or metallic Y was used) were approxi-
mately the same.
The main requirement for the sol±gel approach is to

achieve a very high level of precursor homogeneity to
hopefully give an excellent homogeneity in the ®nal
ceramic material. Thus special attention was paid to the
powder X-ray di�raction studies of the precursor gels.
The XRD patterns of the Y-Ba-Cu-O and Y-Ba-
Cu(Mn)-O acetate±tartrate gels were recorded in the
region of 2 �=20±70�. The di�raction patterns of the
powders obtained were broad due to the amorphous
character of the systems synthesized. If the conditions of
the sol±gel process are not completely optimized a par-
tial crystallization of initial metal salts may proceed.23

However, no peaks whatsoever due to crystallization of
metal acetates or tartrates, or crystallization of any
undesired or contaminating phase could be identi®ed
for both Y-Ba-Cu-O and Y-Ba-Cu(Mn)-O precursor
gels. The XRD patterns of all gels only indicated a
broad unidenti®ed amorphous hump around 2 �=35�.
During calcination and ®nal heat treatment of such
homogeneous precursors monophasic nanosized multi-
metallic oxides can be obtained.
Infrared (IR) spectra of the Y-Ba-Cu-O gel and sub-

stituted Y-Ba-Cu(Mn)-O precursor gels were measured
as well. The IR spectrum of a representative sample (gel
with 3% of Mn substitution level) is presented in Fig. 2.
This type of IR spectrum was qualitatively the same
regardless of manganese substitution level. According to

the origin of the bands, this spectrum may be divided
into four regions: 3750±2700, 1850±1200, 1150±825 and
800±515 cmÿ1. The absorptions at ca 3100±2800 and
1430±1410 cmÿ1 are due to stretch vibrations in CH3

and CH2; strong bands at 3400±3200 and 1100±
1000 cmÿ1, and medium bands at 1300±1200 cmÿ1 are
probably due to CH±OH stretching; the strong bands
due to CO±OH stretching can be identi®ed at 3500±
3200 cmÿ1, 1700±1550 and 1350±1340 cmÿ1, as well as
at the medium bands at 950±800 cmÿ1. But since both
CH3 and CH±OH stretchings were identi®ed we sup-
pose that both acetate and tartrate ligands are in the
coordination sphere of metals.

Fig. 1. Scheme of the steps involved in the sol±gel process used for the

synthesis of manganese-doped YBa2Cu4O8 superconductors.
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A broad absorption in the spectrum of the precursor
gels around 3400 cmÿ1 also indicates the presence of
adsorbed water.24 In addition, broad and multiple
absorptions in the range 3700±3400 cmÿ1 can be
assigned to a metal-bound hydroxide group.25 There-
fore, taking into account that low-valent cations
(z<+4) give rise to aquo±hydroxo and/or hydroxo
complexes over the whole range of pH,26,27 the process
of gelation in the system investigated probably occurs
via the olation mechanism. Basically it corresponds to a
nucleophilic substitution in which M±OH or complex-
ing ligands are nucleophiles and H2O is a leaving group.
In the 800±515 cmÿ1 region of the IR spectrum the
observed speci®c peaks at 764, 681, 662 and 618 cmÿ1

may be attributed to characteristic M±O vibrations.28

It is well known that thermal characterization of syn-
thesized samples is important both for control of the
reaction process and of the properties of materials
obtained. In this context, thermal analysis is a versatile
group of techniques which can be used to aid pre-
parative studies.11,29ÿ33 The mechanism of the thermal
decomposition of the dried gels was studied by TG/
DTA measurements from 20 to 1100�C using a heating
rate of 5�C/min. The TG/DTA curves for Y-Ba-Cu-O
acetate±tartrate gels are shown in Fig. 3. The TG curve
shows three main weight losses in the temperature range
20±180 (6.98%), 190±270 (22.30%) and 270±405�C
(9.14%). The weight loss below 175�C is due to the
evaporation of water and solvent molecules. The two
following and most signi®cant decomposition steps can
be attributed to the pyrolysis of organic compounds and

the degradation of intermediate species formed during
the gelation process. In the temperature range 190±
270�C mainly the copper constituent decomposes, and
above 270�C the ®nal decomposition of the gel proceeds
via homogeneously distributed intermediate species.13

The TG measurements clearly show that the decom-
position behaviour of the gel di�ers considerably
depending on the starting materials, yttrium acetate,
barium acetate, and copper acetate.13,34 For example,
the decomposition of anhydrous copper acetate occurs
around 250�C, which is higher than the decomposition
temperature of an acetate±tartrate copper gel. The
decomposition of Ba(CH3COO)2 to BaCO3 occurs
approximately at 420�C. On the other hand, the
decomposition of the barium acetate±tartrate gel occurs
in three steps, the main decomposition occurring
between 280 and 345�C. In the case of
Y(CH3COO)3.H2O, the dehydration process starts at
80�C; the resulting anhydrous yttrium acetate is stable
up to 300�C (Y2O2CO3 is also likely to be formed at this
temperature), which decomposes to the oxide above
600�C. Again, thermal decomposition of yttrium ace-
tate±tartrate gels is quite di�erent. The results obtained
once more con®rm that individual chemical species with
complicated structures are formed during the gelation
process.
The thermal decomposition behaviour is associated

with endothermic and exothermic e�ects in the DTA
curve. The ®rst decomposition step due to desorption of
water corresponds to a broad endothermic peak around
100�C on the DTA curve. Exothermic peaks around

Fig. 2. IR spectrum of the Y-Ba-Cu(Mn)-O acetate±tartrate gel with 3% Mn substitutional level.
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219, 233, 344 and 401�C on the DTA curve are indica-
tions of the pyrolysis processes which take place during
further heating of the gel. The ®nal weight loss on the
TG curve observed in the temperature range 820±960�C
(6.08%) is accompanied by a weak endothermic peak
around 830�C and a more intensive endothermic peak
at 958�C. The nature of these peaks is not su�ciently
clear. We can postulate that these peaks correspond to
the beginning of the YBa2Cu4O8 crystallization process
and accompanying structural transformations.35 More-
over, probably at this temperature the remaining
BaCO3 undergoes an endothermic decarbonation reac-
tion to BaO (which simultaneously reacts with other
oxides) and carbon oxide is released. The nature of the
endothermic peak at 958�C in the DTA curve can be
associated with the decomposition of Y-124 particles to
Y-123 and CuO phases.36 Finally, weak exothermic
peaks above 1020�C can be attributed to the melting of

formed products. Thus, the results of thermal decom-
position of gels are also useful for the determination of
the optimum conditions of ®nal annealing of precursor
powders to obtain superconducting materials. It should
be noted that the decomposition mechanism is approxi-
mately the same as that for the Y-Ba-Cu(Mn)-O pre-
cursor gels.
To assist in the interpretation of the thermal decom-

position mechanism of the precursor gels simultaneous
evolved gas analyses (EGA±MS) were performed with
some of the TG measurements by means of a coupled
mass analyzer. In Fig. 4 the TG and EGA±MS curves
for the representative sample of Y-Ba-Cu(Mn)-O pre-
cursor gel are shown. Apparently, the observed evolu-
tion of CO2 and H2O in the temperature ranges of
weight losses con®rms our considerations concerning
the mechanism of thermal decomposition of the pre-
cursor gels.

3.2. Characterization of the heat-treated precursors

Resistivity measurements performed on as-prepared
Y-124 samples showed a sharp superconducting transition
with TC (onset)=79 K and TC (zero)=67 K (Fig. 5). As
seen, with manganese substitutions in small concentra-
tions up to 2%, the e�ect on superconductivity is, how-
ever, deleterious with TC getting suppressed drastically
at a rate of about 19 K per%. From Fig. 5 the following
features of TC suppression in the Y-124 system became
clear.

1. The onset critical temperature of super-
conductivity decreased down to 62.5 K for YBa2(-
Cu0.99Mn0.01)4O8 [TC (zero)=49 K], and down to
41 K for YBa2(Cu0.98Mn0.02)4O8 [TC (zero)=

Fig. 3. TG/DTA curves for the Y-Ba-Cu-O acetate±tartrate gel recorded in a ¯owing air atmosphere. The heating rate was 5�C/min.

Fig. 4. Thermal decomposition of the Y-Ba-Cu(Mn)-O acetate±tar-

trate gel with 5% Mn substitutional level under a ¯owing air atmo-

sphere, monitored by TG and EGA±MS (the mass numbers are

indicated). The heating rate was 5�C/min.
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23 K], the transition range becoming broader with
increasing substitution.

2. The YBa2(Cu1ÿxMnx)4O8 samples with x50.03
exhibited only semiconducting behaviour indicat-
ing the loss of superconductivity at 3% Mn dop-
ing.

3. The resistivity in the normal conducting state
increases with the number of Mn dopant sites

which probably act as dissipation centres for elec-
tron transport.

The more dramatic manganese substitution e�ect on
TC compared with Fe-substituted Y-124 samples was
rather unexpected. Fig. 6 summarizes previously pub-
lished TC suppression data for Fe37 and for Mn in the
Y-124 compound synthesized by the aqueous sol±gel

Fig. 5. Resistivity vs temperature for the series of samples of YBa2(Cu1ÿxMnx)4O8 with di�erent values of x.

Fig. 6. Degradation of TC (onset) of the Y-124 superconductor with doping of Mn and Fe. TC values for iron-substituted samples as previously

determined.
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method. As seen, superconducting properties of iron-
substituted Y-124 phase are lost much slower (at a rate
of about 4 K percent) indicating a weaker e�ect of Fe. It
was previously demonstrated through MoÈ ssbauer stu-
dies37 that iron preferentially enters Cu(2) plane sites in
Y-124. Thus, this fact led us to speculate that manga-
nese may occupy Cu(1) chain sites or both Cu(1) and
Cu(2) sites in the Y-124 system.38 It is obvious that Mn
substitution brings about the evident decrease of TC of
YBa2(Cu1ÿxMnx)4O8, but the important question con-
cerning the reasons for such an e�ect is yet to be
answered.
In Fig. 7 the XRD patterns of the YBa2(-

Cu1ÿxMnx)4O8 samples are presented. Because of the
structural similarities, the greater part of X-ray di�rac-
tions of Y-123, Y-124 and Y-247 phases coincide, which
makes it extremely di�cult to distinguish them on the

basis of their XRD patterns alone. Thus, to facilitate
the interpretation of XRD patterns of the synthesized
YBa2(Cu1ÿxMnx)4O8 samples, we included a compar-
ison of the XRD patterns of superconducting Y-123, Y-
124 and Y-247 phases (Fig. 8). The XRD patterns of the
manganese-substituted Y-124 samples, however,
showed considerable changes upon increasing substitu-
tion. According to X-ray di�raction analysis only traces
of Y-123 and minor amounts of Y-211 were present as
impurity phases in the non-doped YBa2Cu4O8 sample
(see Fig. 7a). The Y-124 spectrum can also be identi®ed
in the 1% Mn sample. However, peak intensities of the
impurity phases increased with increasing Mn content
up to x=0.2. On further increasing the substitution
level a main peak in the XRD patterns of these samples
can already be attributed to the impurity phase. Starting
from 3% substitution, characteristic features of the

Fig. 7. Powder X-ray di�raction patterns of the YBa2(Cu1ÿxMnx)4O8 samples: (a) x=0.00; (b) x=0.01; (c) x=0.02; (d) x=0.03; (e) x=0.04; (f)

x=0.05.
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orthorhombic Y-124 di�raction pattern already vanish:
the intensity of the (113) and (108) di�ractions at
2��34.4 and 35.8� decreases strongly and the splitting
of the (200) (020) (0014) at 2��47� and the (017) (111)
di�ractions at 2��33� vanishes. Moreover, in the case
of x=0.4 and x=0.5, peaks due to the Y-124 phase
have disappeared. The approximate phase compositions
of the synthesized samples roughly estimated according
to XRD analysis are presented in Table 1.
As already mentioned, we have previously reported

about iron substitution e�ects in the YBa2Cu4O8 super-
conductor synthesized by the sol±gel technique. It is
interesting to note that iron doping destabilizes the Y-
124 phase favouring the formation of the tetragonal
YBa2Cu3O7ÿ�. The peaks due to the Y-123 structure
were clearly seen in the XRD patterns recorded for the
YBa2(Cu1ÿxFex)4O8 samples with x equal to or larger
than 0.04.37 Similar results were obtained when investi-
gating the e�ect of Ni and Co substitution in Y-124
prepared by the acetate±tartrate sol±gel method.18 Both
Ni and Co substitutions strongly changed the super-

conducting properties of the Y-124 superconductor,
however the structure was again less dramatically a�ec-
ted in comparison with Mn substitution. We can con-
clude, that substitution of Mn in the copper positions
(possibly at the Cu(1) square planar fourfold coordi-
nated chain sites) of Y-124 drastically in¯uences the
formation of YBa2Cu4O8 phase. This can be explained
perhaps only by the di�erence of ionic radii of the
metals, which are 0.57 AÊ for copper and 0.67 AÊ for
manganese. For example, the ionic radii for iron, cobalt
and nickel are 0.63, 0.58, and 0.55 AÊ , respectively. As
seen, the di�erence in the ionic radii of copper and
dopant elements is the largest for the Mn case. These
are the conclusions that can be drawn from the XRD
measurements.
Also, in order to detect small amounts of Y-123 and

Y-247 impurities the di�erences in the stability towards
oxygen might be taken into account. For instance, the
Y-123 phase starts to lose the Cu±O chain oxygen
around 300±400�C.39 When the Y-247 phase is heated in
an oxidizing atmosphere, it shows a reversible weight
loss between 570 and 850�C due to release of oxygen
from the single Cu±O chains in the Y-123 blocks.40 On
the other hand, the Y-124 phase exhibits an excellent
thermal stability up to 670±700�C in an inert atmo-
sphere, up to 830�C in air and up to 860±890�C in oxy-
gen atmosphere.9,16,31,41,42 Thus, the phase purity of the
three purest samples has also been checked by TG
measurements.
Fig. 9 shows the TG curves for heating under oxygen

atmosphere for the YBa2Cu4O8, YBa2(Cu0.99
Mn0.01)4O8, and YBa2(Cu0.98Mn0.02)4O8 samples. No
indication of weight loss could be seen below �890�C in
the oxygen atmosphere for a non-doped Y-124
sample. Such an observation again indicates that the
YBa2Cu4O8 sample mainly contains pure Y-124, which
is in a good agreement with the XRD results. From Fig.
9 it can be also seen that incorporation of manganese in
the Y-124 structure destabilizes the oxygen sublattice.
The mass of manganese-substituted samples decreases
continuously starting from approximately 300�C due to
the loss of oxygen from the Y-123 impurity phase.
Moreover, a slightly increased mass loss was detected in
the temperature region of 500±800�C. In this region Y-
247 exhibits oxygen loss. And in both cases the weight

Table 1

Phase composition of synthesized YBa2(Cu1ÿxMnx)4O8 samples according to XRD analysis data

Sample Major phase Secondary phases

YBa2Cu4O8 Y-124 Traces of Y-123 and Y-211

YBa2(Cu0.99Mn0.01)4O8 Y-124 Y-123, Y247, CuO

YBa2(Cu0.98Mn0.02)4O8 Y-124 Y-123, Y-247, BaCuO2, CuO

YBa2(Cu0.97Mn0.03)4O8 Y-123, Y-247 Y2Cu2O5, Y2BaCuO5, BaCuO2, CuO

YBa2(Cu0.96Mn0.04)4O8 ± Y2Cu2O5, Y2BaCuO5, BaCuO2, CuO, BaCO3, Y2O3, unknown phases

YBa2(Cu0.95Mn0.05)4O8 ± Mixture of di�erent polycrystalline phases

Fig. 8. Schematic presentation of the XRD patterns and Miller indices

of Y-124, Y-247, and Y-123 phases from JCPDS# 1991 and 1996

reference data.

406 A. Baranauskas et al. / Journal of the European Ceramic Society 21 (2001) 399±408



suddenly decreased around 850±860�C. The latter oxy-
gen loss is likely to correspond to the decomposition of
the Y-124 phase.40 Thus, TG measurements in oxygen
¯ow of manganese-substituted YBa2(Cu0.99Mn0.01)4O8

and YBa2(Cu0.98Mn0.02)4O8 samples con®rmed unam-
biguously the presence of orthorhombic or tetragonal
YBa2Cu3O7ÿ� and Y2Ba4Cu7O15 impurity phases.
These phases were detected by X-ray di�raction mea-
surements (see Fig. 7) in the same samples, i.e. the
obtained thermogravimetric results are consistent with
the XRD results. Therefore, the reason for the
decrease in TC on substituting copper by manganese
in Y-124 phase possibly could be attributed to such
structural changes, which are mostly caused by the
considerable di�erence in the ionic radius of the
involved metals.

4. Conclusions

For the ®rst time to our knowledge, manganese sub-
stituted superconducting YBa2(Cu1ÿxMnx)4O8 samples
were synthesized by a simple aqueous sol±gel method.
High homogeneity of the synthesized precursor gels
were shown by XRD analysis, IR spectroscopy, and
TG/DTA/EGA±MS measurements.
We have demonstrated that the critical temperature of

superconductivity decreases dramatically from 79 K for
the non-substituted sample, YBa2Cu4O8, to 41 K for the
sample with 2% of manganese substitutional level,
YBa2(Cu0.98Mn0.02)4O8. The decrease of the transition
temperature, as a result of the Mn substitution, cannot
be explained directly, for instance, by magnetic pair
breaking or destruction of the antiferromagnetic correla-
tion of the Cu atoms in the planes.6 According to the XRD
analysis and stability measurements under controlled oxy-

gen atmospheres, impurity phases, such as Y-123 and Y-
247, have already formed in the samples with a 1 and 2%of
manganese substitutional level under the usual preparation
conditions. On further increasing the manganese substitu-
tional level, peaks due to the Y-124 phase disappeared in
the di�ractograms. We draw the conclusion, that these
structural changes are mostly caused by the considerable
di�erence in the ionic radius of copper and manganese.
However, a more detailed study of structural e�ects
caused by manganese substitution should be performed.
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