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The superconductivity in FexCu1−xBa2YCu2O7+y superconductorss0.00øxø0.70d is improved by high-
pressuresHPd synthesis. The HP samples have higher oxygen content than the ambient pressuresAM d samples.
Mössbauer effect studies confirmed that the high-pressure synthesis changes the local structure on the atomic
scale. For the HP samples Fes2d in the CuO2 planes has highly symmetric pyramidal-oxygen coordination. The
tetragonal coordinated Fes1d in the CuOx chains disappears and becomes the one having fivefold and sixfold
oxygen coordination after the high-pressure synthesis. This suggests that the increase of oxygen content and
the change of local structure are important reasons for the improvement of superconductivity in the HP
samples.
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I. INTRODUCTION

Studies on transition-metal substitution have enhanced
our understanding of the superconducting and normal-state
properties of high-Tc superconductors. Substitutions of met-
als for Cu in YBa2Cu3O7−y sYBCOd usually depressTc.
Among all the transition elements, divalent ions Zn2+ and
Ni2+ substitute for Cus2d located in CuO2 planes1–4 and the
trivalent ion Co3+ occupies Cus1d sites located in CuOx
chains. It is very interesting that the trivalent ion Fe3+ with
magnetism enters into both CuO2 planes and CuOx chains in
the FexCu1−xBa2YCu2O7+y system.5–7 The Tc decreases with
increasing Fe content and becomes zero whenx exceeds
0.3.8,9 Furthermore, Fe content in CuO2 planes increases
with increasing Fe dopant6 and an orthorhombic-to-
tetragonal structural transition takes place atxù0.1.5,8,9An-
other interesting aspect is that substitution of Fe for Cu is
helpful to study the local magnetism and structure using
Mössbauer technique.10

The interplay between magnetism and superconductivity
was investigated at all times to understand better the origin
of the superconductivity. Recently, the coexistence of super-
conductivity and ferromagnetism was discovered in
R2−xCexRuSr2Cu2O10 sR=Eu and Gd,x=0.4 and 0.6d11,12and
RuSr2RCu2O8, with R=Y and Gd sRu-1212 typed, high-Tc
superconductors.13,14Because Fe and Ru have similar chemi-
cal properties, it is expected that the cuprate superconductors
containing high Fe content will provide more information on
the interplay between magnetism and superconductivity.

At early stage of studies on high-Tc superconductors, sev-
eral groups reported superconductivity in YSr2Cu2−xFexO7+y
system withxù0.3 prepared in high-pressure oxygen15,16

and Ca-doped YSr2Cu2.5Fe0.5O7+y system.17 Subsequently,
Shi et al. improved superconductivity in YSr2Cu2.7Fe0.3O7+y
by high-pressure oxygens27 MPad annealing and enhanced
Tc up to 60 K.18 Recently, the FeSr2YCu2O7+y supercon-

ductor was obtained and the crystal structure and supercon-
ductivity were systematically investigated.19,20

Very recently, we investigated the influence of preparation
conditions on the lattice parameters and superconductivity of
Fe0.5Cu0.5Ba2YCu2O7+y in a previous paper21 and prepared
Fe0.5Cu0.5sBa1−xSrxd2YCu2O7+y superconductors withx=0,
0.5, and 1.0 using the high-pressure technique.22

In this paper, comprehensive studies of x-ray diffraction,
oxygen content, superconductivity, annealing, and Möss-
bauer spectroscopy on the FexCu1−xBa2YCu2O7+y system
prepared by the high-pressure synthesis are presented to help
one understand the Fe-doped YBCO.

II. EXPERIMENTAL PROCEDURE AND RESULTS

A. Sample preparation

FexCu1−xBa2YCu2O7+y samples s0.00øxø0.80d were
prepared in two steps. In the first step, the starting materials,
high-purity s99.99%d powders of Y2O3, BaCO3, CuO, and
Fe2O3 according to the formula of FexCu1−xBa2YCu2O7+y
sx=0.00,0.06,0.10,0.16,0.32,0.40,0.50,0.60,0.70,0.80d
were thoroughly mixed in a mortar. The mixtures were
heated in air in the temperature range 880 °CøTø930 °C
for at least 70 h with intermediate grindings. Then, the mix-
tures were reground and pressed into pellets, which were
sintered at 930 °C for 40 h in air and cooled down to room
temperature at a rate of 30 °C per hour. The resultant ambi-
ent pressure samples were named AM samples. In the second
step, the AM samples were powdered, mixed with 5 wt %
KClO4 powder and pressed into pellets with diameter of
7 mm and thickness of 5 mm, which were wrapped in gold
foil and synthesized at 1000 °C under high pressure of
6 GPa for 0.5 h in a belt-type apparatus. The sample cham-
ber of the belt-type apparatus used pyrophyllite as the
pressure-transmitting medium and a graphite tube as an in-
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ternal heater. The synthesis temperature was controlled by
the electrical input power imposed on the graphite sleeve.
The resultant products were quenched from 1000 °C to room
temperature by shutting off the electrical power before re-
leasing the pressure. These products were named HP
samples.

B. Sample characterization

Both the AM and HP samples were characterized by pow-
der XRD using a MXP18A-HF type diffractometer with
CuKa radiation.

The POWDERX program23 was used to determine the lat-
tice parameters. The results indicate that all the AM and HP
samples of FexCu1−xBa2YCu2O7+y are of single phase except
for the samples withx=0.80 and the solid solubility limit of
Fe in the FexCu1−xBa2YCu2O7+y system is about 0.80, which
is consistent with the results of Tarasconet al.8 From the
dependence of lattice parameters on Fe content as shown in
Fig. 1, it is found that the AM samples become tetragonal at
xù0.10, which is consistent with previous reports on the
Fe-doped YBCO.5,8,9 The HP samples have smaller lattice
parameterc and unit-cell volume than the AM samples,
which is related to the increase of oxygen content in the HP
samples due to the high-pressure synthesis. This phenom-
enon has been observed in YBCO synthesized in air24 or in
the high-pressure oxygen25 and in Fe-doped YSr2Cu3O7−y
synthesized in high-pressure oxygen.18,20

Figure 2 shows the typical XRD patterns of AM-sad and
HP-sbd samples of Fe0.5Cu0.5Ba2YCu2O7+y.

21 Structural
analysis indicates that they have tetragonal structure belong-
ing to space groupP4/mmm. The lattice parameters of AM
and HP samples area=0.3874,c=1.167 nm anda=0.3865,
c=1.1598 nm, respectively.

C. Measurements of oxygen content

The oxygen contents of the AM and HP samples were
measured using iodometric titration.27 It must be pointed out
that there was a small amount of KCl and KClO4 in the HP
samples due to the addition of KClO4 used as an oxidant and
the incomplete decomposition during the high-pressure syn-
thesis. To minimize its influence on the titration results, the
bulk HP samples were powdered, washed using distilled wa-
ter and dried below 80 °C before determining the oxygen
content. The purified powder was still superconducting as
checked by magnetization measurements. The results of io-
dometric titration indicate that the oxygen contents in both
the AM and HP samples increase with increasing Fe content,
as shown in Fig. 3. Also one can find that the HP-samples
have higher oxygen content than the AM samples. The oxy-
gen content in the AM samples is well consistent with those
reported in Refs. 8, 24, and 27.

D. Superconductivity

dc magnetic measurements were performed using a
SQUID magnetometersQuantum Design, MPMS typed. Fig-
ure 4 showsM-T curves of the AM-sad and HP-sbd samples.
The dependence ofTc on Fe content for the HP and AM

samples is shown in Fig. 5. It can be seen that for the AM
samplesTc decreases quickly with increasing Fe content and
becomes zero atx=0.4, which is in agreement with the re-
sults of Tarasconet al.8 For the HP samples, however, with
increasing Fe content the decrease ofTc is very slow, indi-
cating that the high-pressure synthesis improves supercon-
ductivity.

Figure 6 shows theR-T and M-T curves of the AM and
HP samples of Fe0.5Cu0.5Ba2YCu2O7+y. These results indi-
cate that the HP sample has a superconducting transition
temperatureTc=80 K. The shielding and Meissner fraction is
about 50 and 24 %, respectively, indicating that the HP
sample withx=0.50 has bulk superconductivity. The AM
sample has a semiconductorlike behavior in theR-T curve,
even after oxygenation at 350 °C for 40 h in flowing oxygen
under ambient pressure.

FIG. 1. The dependence of lattice parametersa, b sAd andc sBd
and unit-cell volume sCd of the AM and HP samples of
FexCu1−Ba2YCu2O7+y on Fe content.
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E. Annealing experiments

In order to know the stability of oxygen absorbedsHPOd
in the lattice due to the high-pressure synthesis and find out
the possible reasons for the improvement of superconductiv-
ity, two HP samples were selected for annealing experiments
at different temperatures.

Two typical HP samplessAd Fe0.06Cu0.94Ba2YCu2O7.25
and sBd Fe0.5Cu0.5Ba2YCu2O7.41 were annealed at 150, 250,
350, 450, 650, and 900 °C for 2 h in air and then quenched
to room temperature. The reasons for selecting these two HP
samples are that the AM samples of the HP samplessAd and
sBd have orthorhombic and tetragonal structure, respectively.
On the other hand, the AM sample ofsAd is superconducting
and that ofsBd is an insulator. It is advantageous to distin-
guish the influence of HPO on structure and superconductiv-
ity of samples during the annealing process. Figures 7sad and
7sbd show the influence of the annealing temperaturesTad on
the M-T curves of the annealed HP samplessAd and sBd,

respectively. Results indicate that theTc of HP samplesBd
gradually decreases with increasingTa and becomes zero at
Taù450 °C. For the HP samplesAd, Tc is constant in the
annealing temperature range of 150–350 °C, then at 450 °C
decreases to 85 K which is as high asTc of its AM sample
ssee Fig. 8d.

On the other hand, the lattice parameters of the two an-
nealed HP samples have also changed regularly with increas-
ing Ta. Figure 9 shows the influence ofTa on the local XRD
patternss46°ø2uø48°d of the two annealed HP samples.

FIG. 2. XRD patterns of the AM samplesad and HP samplesbd
of Fe0.5Cu0.5Ba2YCu2O7+y compound.

FIG. 3. The dependence of oxygen content on Fe content for the
AM and HP samples of FexCu1−xBa2YCu2O7+y. The limit of mea-
surement error is less than 0.02.

FIG. 4. TheM-T curves of the AMsad and HPsbd samples of
FexCu1−xBa2YCu2O7+y.

FIG. 5. The dependence ofTc on Fe content for the AM and HP
samples of FexCu1−xBa2YCu2O7+y.
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The dependence of lattice parametersa, b, and c on Ta is
shown in Fig. 10. For the HP samplesAd, the shift of the
diffraction peak ofs006d to lower angle is not obvious at
150 °CøTaø350 °C. ForTaù350 °C, the peak ofs006d
gradually shifts to lower angle and the peaks ofs002d and

s200d become apparent. This means that lattice parameterc
increases gradually and the HP samplesAd undergoes a
tetragonal-orthorhombic structural transition during the an-
nealing process, which can be found in Fig. 9sad. For the HP
sample sBd, the peak ofs006d shifts to lower angle with
increasingTa fsee Fig. 9sbdg, indicating that lattice parameter
c increases with increasingTa, as shown in Fig. 10sbd. It is
well known that in the pure YBCO system, the length of
lattice parameterc is inversely proportional to the oxygen
content. The more oxygen content the samples have, the
shorter the lattice parameterc becomes. Based on this and
the change of lattice parameterc during the whole annealing
process, it is speculated that with increasing annealing tem-
perature the oxygen content of the HP samplessAd andsBd is
gradually released. The release of HPO results in the absence
of superconductivity in the HP samplesBd and a decrease of
Tc in HP samplesAd at Ta=450 °C. From these observa-

FIG. 6. sad ZFC and FCM-T curves andR-T curve of the HP
sample of Fe0.5Cu0.5Ba2YCu2O7+x. sbd R-T curve of the AM sample
of Fe0.5Cu0.5Ba2YCu2O7+x.

FIG. 7. The influence of annealing temperatureTa on theM-T
curves of HP samplessAd Fe0.06Cu0.094Ba2YCu2O7.25 sad and sBd
Fe0.5Cu0.5Ba2YCu2O7.41 sbd.

FIG. 8. The dependence ofTc on Ta for the HP samplessAd
Fe0.06Cu0.094Ba2YCu2O7.25 and sBd Fe0.5Cu0.5Ba2YCu2O7.41.

FIG. 9. The evolution of local XRD patternss46°ø2uø48°d
of sad Fe0.06Cu0.094Ba2YCu2O7.25 and sbd Fe0.5Cu0.5Ba2YCu2O7.41.
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tions, we suggest that the HPO plays an important role in the
improvement of superconductivity in the HP samples. The
annealing experiments also indicate that the HPO is different
from the oxygen entering the lattice in air under ambient
pressure. The latter enters the lattice at 350–500 °C.24

F. Mössbauer effect

The Mössbauer technique has been shown5–7,16–18 to
be a powerful tool determining the distribution of Fe be-
tween Cus1d and Cus2d sites. In order to obtain information
on the distribution of Fe between the Cus1d and Cus2d sites
in the AM and HP samples and to further find out the reasons
for the improvement of superconductivity in the HP samples,
five samples with different Fe content, one AM sample
Fe0.5Cu0.5Ba2YCu2O7.24 and four HP samples
Fe0.16Cu0.84Ba2YCu2O7.30, Fe0.32Cu0.68Ba2YCu2O7.34,
Fe0.04Cu0.6Ba2YCu2O7.40, and Fe0.5Cu0.5Ba2YCu2O7.41, were
selected for Mössbauer effect studies.

57Fe Mössbauer spectra of samples were recorded by a
Wissel System constant acceleration Mössbauer spectrometer
with 57Co sPdd source at room temperature. The velocity was
calibrated usinga-Fe foil. The values of isomer shift given
here were relative toa-Fe at room temperature. A least-
squares program was used to fit the spectra with Lorenzian
line shapes.

Figures 11 and 12 show the results of Mössbauer effect of
the selected AM and HP samples. The spectra can be best fit
to four subspectrasA, B, C, and Dd. The hyperfine param-
eters of isomer shiftsdd, quadrupole splittingssDd, full-
width-at-half-maximumsFWHMd sGd, and site intensity ratio
sIn/ Id of these four subspectra are summarized in Table I. A

consensus that doublets A, C, and D are ascribed to the Fe
located at Cus1d sites and subspectrum B is related to the Fe
located at Cus2d sites has been obtained.5,17,18,29Moreover,
the Fe atoms corresponding to doublets A, C, and D have
tetragonal, fivefold, and sixfold oxygen coordination,5,18,29

respectively, and the Fe corresponding to subspectrum B has
the same pyramidal configuration of oxygen as Cu
s2d.5,17,18,29

Figures 11s1d, 11s2d and 11s3d show the Mössbauer spec-
tra of the HP sampless1d Fe0.16Cu0.84Ba2YCu2O7.30, s2d
Fe0.32Cu0.68Ba2YCu2O7.34, and s3d Fe0.4Cu0.6Ba2YCu2O7.40,
respectively. From the three figures, two main features can
be observed. One is that the subspectrum B of the HP
samples withxø0.40 is a singlet splitting while subspectrum
B is a doublet splitting of the HP sample withx=0.50 fsee
Fig. 12s2dg. The singlet splitting implies that the oxygen en-
vironment about the Fe located in CuO2 planes is highly
symmetric. The other main feature is that the Mössbauer
spectra of HP samples withx=0.16 and 0.32 can be fit well
according to three subspectra and doubletD is attributed to
the sixfold coordinated Fe in CuOx chains.29

FIG. 10. The dependence of lattice parametersa, b sad andc sbd
of the HP samplessAd Fe0.06Cu0.094Ba2YCu2O7.25 and sBd
Fe0.5Cu0.5Ba2YCu2O7.41 on Ta.

FIG. 11. sColor onlined Room-temperature Mössbauer spectra
of the HP samples s1d Fe0.16Cu0.84Ba2YCu2O7.30, s2d
Fe0.32Cu0.68Ba2YCu2O7.34, and s3d Fe0.4Cu0.6Ba2YCu2O7.40. The
notationsidn denotes that the Fe occupies Cusid site and hasn-fold
oxygen coordination.
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In order to obviously observe the changes in the local
oxygen environment about Fe after the high-pressure synthe-
sis, a comparison between the Mössbauer spectra of the HP
samples withx=0.50 and that of its AM sample is indispens-
ablessee Fig. 12d. One can find that the doublet C increases
at the expense of the doublet A in going from the AM sample
to the HP sample and the doublet A disappears in the spectra

of HP sample. This means that for the HP sample withx
=0.50 all the Fe atoms located in CuOx chains have fivefold
oxygen coordination, which is similar to the results of
YSr2Cu2.7Fe0.3O7+y prepared by high-pressure oxygen
annealing.18 From the data listed in Table I, it can be found
that for the AM sample withx=0.50 the sum of integrated
intensities of doublets A and C is almost equal to that of
doublet C in the spectrum of the HP sample, indicating that
the integrated intensities of Fe located in CuOx chains is not
changed after the high-pressure synthesis. In the Mössbauer
spectroscopy, site-integrated intensities are proportional to
site occupancy N if we assume that the recoil-free fraction is
same.30 Thus, for the AM and HP samples, 76% of Fe con-
tent occupies Cus1d sites in CuOx chains and 24% of Fe
content occupies Cus2d sites in CuO2 plane. The results of
Mössbauer spectroscopy indicate that the high-pressure syn-
thesis does not result in the migration of Fe from CuO2
planes to CuOx chains.

From Mössbauer spectra, it can also be determined that
the Fe corresponding to doublets A and B have valence of +3
and the Fe associated with doublet C and D is Fe4+

species,18,29 indicating that the average valence of Fe ion in
the HP samples is higher than that in the AM sample.

III. DISCUSSIONS

The perovskite structure of the Y123 compound has two
copper sites Cus1d in CuOx chains and Cus2d in CuO2 planes.
From the results of the neutron and Mössbauer spectra
data,5,11,12,18,31it was found that the Fe can occupy two Cu
sites and Co only substitutes for Cus1d.18,32 Most of the pre-
vious studies on the Fe- or Co-doped Y123 system attempted
to correlate the decrease ofTc with the magnetic pair-
breaking effect because of magnetism of Fe3+ and Co3+

ions.8,33

In recent years, however, the superconductivity was im-
proved and discovered in YSr2Cu2.7Fe0.3O7+y,

18

FeSr2YCu2O7+y,
19 and codoped CoSr2Y1−xCaxCu2O7+y

compounds34 synthesized under the high-pressure oxygen
condition.

Why can the high-pressure oxygen synthesis and the
high-pressure oxygen annealing enhanceTc of
YSr2Cu2.7Fe0.3O7+y, FeSr2YCu2O7+y, and codoped
CoSr2Y1−xCaxCu2O7+y compounds? Three explanations were
put forward to answer this question as follows.s1d The im-
provement of superconductivity in the YSr2Cu2.7Fe0.3O7+y
was attributed to the increases of oxygen content and the
trigonal bipyramidal coordinated Fe at Cus1d site in CuOx
chains due to high-pressure oxygen annealing.18 This expla-
nation is supported by the results of XRD, measurements of
oxygen content and Mössbauer effect analysis.18 s2d For the
FeSr2YCu2O7+y superconductor prepared by calcining at
900 °C in air, subsequent annealing at 800 °C in flowing N2
and then oxidizing at 350 °C in high-pressure oxygen of
195 atm, superconductivity is induced by both the ordering
of Cu and Fe atoms in chains and the increase of oxygen
content.19,20,26,28s3d The occurrence of superconductivity in
the CoSr2Y1−xCaxCu2O7+y system was attributed to the pres-
ence of the excess holes34 due to the increase of oxygen
content and the substitution of Ca2+ for Y3+.

FIG. 12. sColor onlined Room-temperature Mössbauer spectra
of the sampless1d the AM sample, Fe0.5Cu0.5Ba2YCu2O7.24 ands2d
the HP sample Fe0.5Cu0.5Ba2YCu2O7.41. The notationsidn denotes
that the Fe occupies Cusid site and hasn-fold oxygen coordination.

TABLE I. Room-temperature Mössbauer effect parameters:
d-isomer shift srelative to a-Fe at room temperatured, D-quadru-
pole splitting,G-FWHM, In/ I-site intensity ratio for the AM and HP
samples of FexCu1−xBa2YCu2O7+y.

Sample x= Site d smm/sd D smm/sd G smm/sd In/ I

HP 0.16 B: 0.334s6d 0.131s1d 0.20s1d
C: −0.034s6d 0.972s0d 0.221s0d 0.66s3d
D: −0.064s8d 0.281s4d 0.101s3d 0.14s2d

HP 0.32 B: 0.487s8d 0.161s9d 0.19s8d
C: −0.091s5d 0.90s1d 0.211s6d 0.76s2d
D: 0.02s2d 0.51s3d 0.100s3d 0.050s2d

HP 0.40 B: 0.224s4d 0.145s6d 0.16s6d
C: −0.046s2d 0.977s3d 0.183s2d 0.84s9d

HP 0.50 B: 0.213s4d 0.163s7d 0.097s0d 0.24s1d
C: −0.015s3d 0.889s4d 0.161s4d 0.76s0d

AM 0.50 A: 0.062s2d 1.996s4d 0.136s4d 0.23s8d
B: 0.331s3d 0.599s4d 0.154s4d 0.28s0d
C: −0.045s1d 0.889s3d 0.159s3d 0.48s5d
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From our present work, it was found that the high-
pressure synthesis not only increases oxygen content but also
modifies the local structure on the atomic scale. For instance,
in the Mössbauer spectra of the HP samples with lower Fe
content ofxø0.40 the site B has singlet splitting, suggesting
that oxygen environment about Fes2d has higher symmetry.
At the same time, Fes1d in CuOx chains has fivefold and
sixfold oxygen coordination. These changes of the local
structure are possibly conducive to the improvement of su-
perconductivity.

In order to understand well the changes of the local struc-
ture, one can compare the Mössbauer spectrum of the HP
sample withx=0.5 with that of its AM samplefsee Figs.
12s1d and 12s2dg. It is found that the Mössbauer spectrum of
the AM sample consists of three subspectra and that of the
HP sample only consists of two subspectra. According to the
assignments of Fe configuration, one can find that for the HP
sample all the Fes1d atoms in CuOx chains have fivefold
oxygen coordinationstrigonal bipyramidd.18 The fivefold
oxygen coordination has been discussed in
YSr2Cu2.7Fe0.3O7+y superconductor synthesized by high-
pressure oxygen annealing.18 It is possible that the trigonal
bipyramidal coordinated Fe in the chains improve the cou-
pling between the two adjacent CuO2 planes18 and is favor-
able to charge transfer from CuOx chains to CuO2 planes.
Therefore, the superconductivity in Fe-doped YBCO is im-
proved after the high-pressure synthesis.

The results of Mössbauer effect indicate that for the
sample withx=0.50 20% of the whole Fe content is located
in CuO2 planes and Fes2d is the Fe3+ species with magne-
tism. It is worth noting that theTc of the HP sample withx
=0.5 is enhanced up to 80 K, suggesting that the magnetic
pairing-breaking effect is not obvious. Since the variation of
oxygen content does not change the distribution of Fe be-
tween Cus2d and Cus1d sites18 and after the high-pressure
synthesis theTc of the HP samples with low Fe content can
be increased up to that of pure YBCO, the decrease ofTc of
Fe-doped YBCO is reasonably attributed to the hole fillings
of Fe3+ and Fe4+ ions in CuOx chains and CuO2 planes,
respectively.16,35 In Ref. 16, Terzievet al. found that in
Y1−zCazSr2Cu2.6Fe0.4O7+y compound the addition ofx=0.1
Ca increasesTc from 0 to 28 K. The same phenomenon was
found by Smith et al. in the Y1−zCazSr2Cu2.5Fe0.5O7+y
compound.17 Terziev et al.16 and Smithet al.17 determined
the distribution of Fe between Cus1d sites and Cus2d sites
and found that about 15% of Fe content is located in the
CuO2 planes for Y0.9Ca0.1Sr2Cu2.6Fe0.4O7+y and

Y0.9Ca0.1Sr2Cu2.5Fe0.5O7+y compounds. Moreover, in these
two compounds the Fes2d is Fe3+ species with high spin 5/2
which does not produce magnetic pair-breaking effect. Thus
revivals of superconductivity in Y0.9Ca0.1Sr2Cu2.6Fe0.4O7+y
and Y0.9Ca0.1Sr2Cu2.5Fe0.5O7+y compounds were reasonably
attributed to the introduction of excess holes by the substitu-
tion of Ca2+ for Y3+.16,17In other words, the decrease ofTc in
Fe-doped Y123 is caused by the hole fillings of Fe3+ and
Fe4+ ions.16,35 This conclusion is well consistent with the
results obtained by Faizet al. using x-ray absorption spec-
troscopy to study Fe-doped YBCO.35

Based on the above, it is speculated that for the AM
samples with high Fe content ofx.0.3, the oxygen uptake
in air only satisfies the charge balances and does not provide
excess holes which participate in superconductivity. For the
HP samples, excess holes were produced due to the high-
pressure synthesis. Thus, the superconductivity in Fe-doped
YBCO is improved in the HP samples.

One will ask why the Fe3+ ion with magnetism does not
destroy the superconductivity in HP samples with high Fe
content? By the magnetic measurements, it is found that the
weak ferromagnetism and superconductivity coexist in the
HP sample withx=0.50 by the formation of a spontaneous
vortex phasesSVPd.36 Moreover, the SVP prevents ferromag-
netism from destroying superconductivity.36

IV. CONCLUSIONS

In this paper, the structure, oxygen content, superconduc-
tivity and Mössbauer spectroscopy measurements on
FexCu1−xBa2YCu2O7+y superconductors synthesized by high
pressure were systematically studied. On the one hand, the
high-pressure synthesis led to the increase of the oxygen
content and improvement of the superconductivity in the HP
samples. On the other hand, the number of sixfold or fivefold
oxygen coordinated Fe in the chains increases after the high-
pressure synthesis, i.e., the high-pressure synthesis modifies
the local structure on the atomic scale. Thus, it is suggested
that the increases of oxygen content and the coordination
number of Fe in the chains are the important factors for the
improvement of superconductivity in the HP samples.
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