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Effect of high-pressure oxygen annealing in promoting superconductivity in YSCu, 7€, ;0 :
Evidence for Fe coordination number change in the chains
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A superconducting transition temperature.X of 60 K and a shielding fraction\,) of nearly 100% is
achieved in tetragonal Y$Cu, Fe,:0, samples only after high pressuf27 MPa oxygen annealing at
915°C. On the other hand, samples synthesized at ambient pressure become barely superconducting
(TT*=30 K, V4=4%) even after prolonged annealing in an oxygen ambi¥fRe Mossbauer spectroscopy
measurements suggest that in samples synthesized at ambient pressure, Fe cations localized in the chains are
present in metastable corner-sharing tetrahedral @sitesA). At high oxygen pressures these sitég trap
oxygen locally to form distorted trigonal bipyramid unitste C) which promote superconductivity as revealed
by magnetization measurements. Fe cations atGitect as effective flux-pinning sites, with such samples
displaying not only a large intragrain critical curred{(j but also a secondary peak Jff' at a finite external
field characteristic of flux pinning in a quasi-two-dimensional matef0163-18206)06833-¢

[. INTRODUCTION such samples in an oxygen ambient at high pressures and
temperatures restores superconducting properties such as
Unlike YBa,Cu3;05 (YBCO), its Sr analog YSyCu;0- T., Meissner fraction ¥,,), and critical currentsJ;) in a
(YSCO) with a T,=60 K can only be synthesized at rather remarkable fashion. In this work, we will show that the mi-
high oxygen pressureRecently, a flurry of activity in this cro_scopic origin of this behavior can be_ traced to an Fe co-
layered cuprate was stimulated by the general recogAition Ordination number change from @uasitetrahedralto 5
that a variety of metal dopant$A) can replace Ol) chain (trigonal bipyramidal in the chalns_. Specifically, Fe-doped
sites in theP4/mmmbhost structure to stabilize the supercon- YSCl,"O samz!?s ak=0.10 S'IynthBeOSIIZ(ed ”Ed?&,Sta?dazq an-
ducting phase in YS{Cu;_4M,)sO, samples at ambient "S&1NY CONCILONS possessia= 3L *, & Shielding fracton
pressure. Several groufp$ have reported superconductivity O.f 4% and a tnmodal@, B, andC) distribution of !:e capon
with M =Fe, andx=0.10, atT,~30 K. Such samples inter- sites. Two of these siteA\(C) represent Fe localized in the
] . ] c .

ested us because in addition to probing structural, magnetighalns while the third oneR) represents Fe present in the

and superconducting properties using conventional methodglanes' Such samples when annealed at 915 °C in high oxy-

: gen pressurd27 MPg are not only stable when brought
one CO[.Jld also track the metal_ dopaﬁe)_!ocal chemistry as back to laboratory ambient, but displayfag=60 K, a shield-
a function of sample processing using $8bauer spectros-

ing fraction of ~100% and an almost unimodal distribution

copy. , . of Fe siteg(site C) in the chains. The atomic-scale structural
Pure YBCO samples with 8.=90 K and a shielding  hanges taking place in the chains upon oxygen uptake

fraction of nearll)_/ 100% are now rou'qnely synthesized U”de'étrongly suggest that Fe bearing trigonal bipyramidal chain

standard conditions of annealing, i.e., one atmosphere Gfites(site C) represent a necessary structural element to sup-

oxygen or air. On the other hand, in metal-doped YBCOport superconductivity in the present metal-doped trilayered

samples withM =trivalent species such as A, Fe’*,  cuprate system.

Co®* synthesized under standard annealing condition, super-

conductivity disappearsT—0) progressively as the metal Il. EXPERIMENTAL PROCEDURE AND RESULTS

dopant concentrations approaches-0.15. The underlying

variation of T.(x) appears to be an artifact of processing, and

does not represent the intrinsic behavior of the system as will 'YSr,Cu, #e,0, (YSCFO samples were prepared by

become clear from the present work. For example, annealingtandard solid-state reaction in two steps. In step one, fine

A. Sample preparation
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FIG. 1. Powder XRD scans
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grained &5 w) high-purity powders of %03, SrC0O;,  of sample HPO3. The pattern was indexed on space group
CuO, Fg03, and enriched’Fe,05 were thoroughly mixed P4/mmmwith a tetragonal cell Tll). A precursor sample

in the desired ratio and heated in air at a temperakurethe  quenched from 1020 °C into liquid nitrogésampleQ) was
range 900 °€&T<1050 °C, for at least 48 h with a few also prepared and found to be tetragor#)( XRD scans of
intermediate grindings and/or pelletizing resulting in the prethe various samplesQ, A, O, HPO3 in the 46°<24
cursor. In step two, the precursor was reacted in a high<49° range(Fig. 2 reveal the(020), (006), and (200) re-
pressure oxygen ambie(27 MP3 at 915 °C for 24 h, em-  flects move systematically to higher angles and also provide
ploying an autoclave assembly described eafli®ypically,  direct evidence of structural phase transitions upon progres-
about 300 mg of the precursor was wrapped in gold foil andsive oxygenation in the sequend@-{A—O—HPO3. Spe-
flushed with high-purity Q in the autoclave. The sample cifically for sampleQ, a tetragonal cell witm=b=23.816 A
was next heated at a rate of 20 °C/min to 915 °C, held at thaind c=11.45 A; for sampleA an orthorhombic cell with
temperature for 24 h and then cooled to 100 °C at a rate 04=3.813 A b=3.823 A,c=11.441 A; and for sampl® a

1 °C/min. In some cases the precursor was heated in flowingtragonal cell witha=b=3.804 A, c=11.417 A, were
oxygen at 1 atm for periodsin the range 24 Kt<78 hto  found. For the fully oxygenated sample HPO3, the tetragonal
afford a comparison of physical properties of the resultingcell parameters were found to be=3.798 A,c=11.395 A.
sample with those of the high O pressure-processed The lattice parameters are plotted as a function of oxygen
samples. Seven samples following the above protocol will b&ontent in Figs. &) and 3b) and show that the-cell length
reported upon in this paper. Specific details on sample prodecreases almost linearly with oxygen content. Furthermore,
cessing will be outlined in the paper appropriately when disin the present YSCFO system,Tdl)—O— T(ll) structural
cussing results on these samples. transition is also observed as the oxygen content increases.

B. Powder x-ray-diffraction (XRD)

Phase purity and structure of the samples were analyzed
by means of a Rigakimodel D/Max 2100 B x-ray powder 8 g
diffractometer using C « radiation. Diffraction scans were HPO3
performed at room temperature over the angular range ‘§ S
3°<260<73° with a step size of 0.02° and a counting time = N
of 6 s per step. In some cases a step of 0.002° and a countingg —
time of 30 s per step was also used to collect data in the © g 8 §
range 46%<26<49°. Lattice parameters were determined by
fitting the peak positions of at least 15 reflections using a
standard least-squares reduction method.

The precursor formed after step 1 upon sintering in air — — - —
(sampleA) is found to be a single phag@rthorhombic- 4. 4. . 9.
space groufPmmnmn) material as revealed by powder x-ray 26 (degrees)
diffraction (XRD). Further heat treatment of the precursor in
an oxygen ambient of 1 atiisampleO) or at high pressures FIG. 2. Tetragonal + Orthorhombie-Tetragonal Il phase
(sample HPOBdoes not lead to appearance of any observiransformations in YSiCu, e, 0, as a function of increasing
able impurity phase. Figure 1 shows a typical XRD patternoxygen content in the sequen@e—A— O—HPO3.
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(b) . FIG. 4. T dependence of dc magnetization in indicated
YSr,Cu, /Fe; 0, samples. See text for sample labels. The filled
11.44 - © 1 circles correspond to a field-cooléMeissnef sequence, while the
E | open symbols each correspond to a zero-field-co¢#dtielding
S o | sequence.
o 1142 _
g HPO2. The dashed line represents the results for the nonsu-
‘J 1 perconducting orthorhombic sample SampleO, processed
11.40 L | in flowing oxygen, displayed & . of 30 K and shielding
' fraction of 4%.T.'s of the samples increased remarkably by
high pressure oxygen sintering, up to 60 K, which equals
T, of pristine YSCO. Samples HPO1, HPO2, and HPO3 dif-
11.38 : ! . ' : ! : i i
56 5.0 =0 P >4 fered from each other in that the precursor preparation

(HPO1: 950-1030°C/60 h; HPO2: 1000-1040 °C/48 h;
HPO3: 1000-1050 °C/48 )hconditions were different.
. Samples HPO1 and HPO2 hav& aof 60 K and Meissner
FIG. 3. Lattice parameters of YSEu, €0, samples(@  fractions of 31.8 and 36.7%, respectively. There is evidence
a,b cell lengths andb) c cell length plotted as a function of oxygen to suggest that porosity of the precursor influences the super-
contenty. conducting volume fraction of the final product.
Figure 5 shows the irreversible magnetizatigi{H) of
sample HPO3 taken at several temperatures. Noteworthy in

~ Dc magnetization of the samples was studied as a funghis figure is the secondary peak at a finite field which moves
tion of temperature using an EG&G-PAR model 4500 vibrat-

ing sample magnetometer coupled to an APD, Inc. He cryo-
cooler using a DMX-19 shroud. Both Meissner fraction v T T T '

[field-cooled(FC)] and shielding or zero-field-cooling frac- © 08} —— 45K |
tion (ZFC) were established. The measured magnetic mo-
ment(emu was normalized to the sample mass to yield the

Oxygen Content (y)

C. Dc magnetization

mass magnetizatio (emu/g as a function of temperature. g o3l A
The Meissner fractiotV,, was estimated by using the rela- N
tion V,=(4mpM/H), wherep is the x-ray density of the é’
material in gm/cni, andH is the applied magnetic field in L _pol ]
Oe, andM is the mass magnetization. Magnetization hyster- =

esis loops were recorded as a function of the applied field in Lo LT
the range 6CH<1 T at desired temperatures. From these ~07 - ) '
measurements th&d dependence of irreversibility field
(Hiy), and magnetic critical curredfl’ were estimated.

Dc magnetization as a function of temperature for sample 1.2 : : !
HPO3(shown in Fig. 4 reveals a superconducting transition -1.2 -0.6 0.0 0.6 1.2
onset at 60 K. The diamagnetic shielding of this sample H (Tesla)

equals 90% that of a perfect superconductor. The FC results

reveal a Meissner fraction of 42% upon cooling in a 15 Oe  FIG. 5. Magnetization hysteresis loops of HPO3 sample taken at
field. Figure 4 also shows the temperature dependence dfdicated temperatures displaying evidence of a secon@iahtail)
zero-field cooledZFC) magnetization for samples, O, and  magnetization.
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28 L 4 and to determine the oxygen content of the samples. In gaso-
metric analysis measurements, a known quantity of the cu-
5 i prate sample is decomposed by an acid and the volume of
4T oxygen evolved measured. From such measurements one can
then establish the oxygen content of the starting material to
2.0 — L an accuracy oft0.02.
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The TGA scans for samples, O, and HPO3 are com-
pared to a standard YBCO sample in Fig. 7. The weight loss
of sampleQ, A, O, and HPO3 are 0.41, 0.88, 1.46, and

FIG. 6. (a) Log of irreversible magnetization at the secondary 2-16 %, respectively. These weight losses are much smaller
peak plotted againstT, (b) log of H, plotted against than those of YBCO(4.93%). Moreover, while YBCO
log;o(1—T/T,) revealingn=2.16(10). These results pertain to Sample starts to lose oxygen®t100 °C, YSCFO samples
sample HPO3. keep nearly a constant weight, i.e., the initial oxygen content,
up to 450 °C. The increased stability of the YSCFO samples

to lower fields with increasing temperatures and disappear§sults from the increased coordination number of the Fe
asT approaches 55 K. This is an observation of the seconddopant in the chains which brings in additional oxygen. In
ary peak in the irreversible magnetizatiodNl) of a sin- fact, the sgperconductlng properties of YSCFO samples have
tered polycrystal 123 material. The secondary peak is plotte§&€n monitored by us for nearly a year, and these display no
as a function of temperature in Fig(@. As T is lowered detectable degradation at_laboratory ambient as established
belowT., AM increases sharply at first and then appears t¢y_magnetometry. To estimate the oxygen content of the
level off and undergo a change in functional form at YSCFO samples, we suppose an oxygen stoichiometry of
T=T,=45 K. In theT,<T<T, temperature range, the ir- ¥=Yo1AY, wherey, is the stationary oxygen content and
reversible fieldH,, is found to vary as (+T/T,)" with Ay the removable part of the oxygen content in the presen.t
n=2 power law[see Fig. 6b)]. We shall return to discuss TGA measurements when samples are heated to 900 °C in
these results in Sec. Il Ar. A gasometric analysis of our sample labeledjave an
oxygen content of 6.88) and it was used to obtaip, as
6.54+0.02. Using this value of, the oxygen stoichiometry
D. Thermogravimetric analysis and oxygen content of samplesQ, O, and HPO3, for example, is determined to
The thermal stability and the oxygen content of thebe 6.68,. 7.06, and 7.18, respectively, from the measured
samples were established by thermogravimetric analysi$GA weight loss.
(TGA) using a Perkin EImer Model 7 TGA. Typically about
30 mg of a sample was put into a platinum pan and heated
from room temperature to 900 °C at a rate of 10 °C/minina Spectra of the samples were takevith a standard con-
stream of flowing(50 cc/min argon gas. Oxygen stoichiom- stant acceleration drive at room temperature usifdGo in
etry of one of the samples was established directly by gasa Rh source and a Kr proportional counter. Spectra were
metric analysis to calibrate the weight loss in a TGA scarleast-squares fito a superposition of doublets with Lorent-

log,o(1-T/T,)

E. 5"Fe Mossbauer spectroscopy



6780 F. SHl et al. 54

ture is the one used in Ref. 18 and C represert’10-14
Fe-chain sites whild represents an Fe-plane site. At the
outset, these assignments, suggest that slightly over 80% of
the Fe dopant localizes in the chaiff@ble ) which does not
change appreciably with oxygen content. The site parameters
are in good agreement with the recent work of Pisstzal.’

and Smith, Taylor, and Thompsban YSCFO samples pre-
pared at ambient oxygen pressure. In the present work, we
were able to observe a rather spectacular change in the line
shape upon oxygenation of YSCFO samples at high pres-
sures, which can be understood in terms of a systematic
growth of C-site intensity at the expense Afsite intensity

in the Q—A—0O—HPO3 sequencéFig. 8). In particular,

the spectrum of the fully oxygenated sam@#PO3 reveals
predominantlyC-site occupancy with only traces @f-site
occupancy. Remarkably, the observed ddloauer site-
intensity ratiolc/(lao+1c) appears to be correlated with
sample oxygen conteliFig. 9 and displays two plateaus. In
Mossbauer spectroscopy site-integrated intensltiase re-
lated to site-occupancidd through the recoil-free-fraction

f, i.e.,I=Nf. The site-intensity ratios become the site occu-
pancies if the sitd factors are all the same. We shall return
to discuss later the correlation betweép/(I5o+1c) and
oxygen content in conjunction with the chain molecular
structure, and superconductivity.

Mossbauer spectroscopy measurements on grain-aligned
YSCFO samples show that Fe does not substitute fqf)Cu
chain sites of the host structure. There are plausible reasons
to believe that siteA in the YSCFO system represents an
Fe3* cation present in a distorted-tetrahedral coordination in
[110] chains as found for Ga in the model compound
YSr,Cu,Ga0,.!! Such a site is realized, for example, by
starting with a square-planar coordination in the chéifig.
10(a)], and having one of the nearest-neighbdd)oxygen
atoms move to (®) location accompanied with the displace-
ment of the Fél) cation towards the interior of the pseudo-
tetrahedron formed by the O(X)2, O(4)x1l, and O
(5)X1 oxygen atomgFig. 1Q0b)]. The large quadrupole
splitting (A =1.79 mm/$, the negative sigi*®of V,,, and
the direction ofV,, somewhat tilted with respect to tleeaxis
can be reconciled with such an assignment. This
assignmerif is to be preferred over a square-planar one
[O()x2, O(4)x2] for site A [Fig. 10@)], since for the
latter V,, is expected to be perpendicular to thexis. Site
| Tc = 60K C is populated in oxygen-rich samples, and it is identified as

! L . L . an Fé' site that has a distorted trigonal bipyramid coordi-
-2 -1 0 1 2 nation in the chains, but not octahedtaBite C local struc-

VELOCITY (mm/s) ture probably consists of an additional oxygen trapped near

site A in the ab plane. Finally, siteB is identified with

FIG. 8. Room temperature Ndsbauer spectra of indicated Fe?* (high-spin,$= 5/2) present at C(IZ.) sites in the pl_anes,
YSr,Cu, Fe, 0, samples showing growth in intensity @f-site probably O%aSIOCtahedrally coordinated as discussed
doublet at the expense of tha-site doublet in the sequence elsewhere”

Q—A—0O—HPO3.
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Ill. DISCUSSION
zian line shapes possessing variable centroid, splitting, and

linewidths. Spectra taken at low@rwill be discussed else-
where.

Figure 8 displays spectra of sampl@sA, O, and HPO3. Powder x-ray-diffraction scans in high: materials pro-
A line-shape analysis in terms of three doubleAs B, and  vide an average structure of the samples, with space-group
C) yielded parameterséisomer shift,A-quadrupole split- symmetry and lattice parameters. In the present
ting) which are summarized in Table I. The site nomencla-YSr,Cu, e, 0, samples, we have observed evidence of

A. Structural transitions in Fe-doped YSCO
with oxygen content
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TABLE I. Room-temperature Mssbauer effect parameterd—isomer shift, A—quadrupole splitting,
'—FWHM, In/I—site intensity ratio in indicated YSCu, F& 40, samples. See text for details.

Sample Site 62 (mm/9 A (mm/s ' (mm/9 /1

Q A 0.1541) 1.6951) 0.342) 0.762)
B: 0.2193) 0.5766) 0.41(2) 0.232)
C:

A A: 0.1442) 1.7544) 0.31(2) 0.552)
B: 0.2514) 0.5778) 0.362) 0.252)
C: —0.0305) 0.8489) 0.352) 0.201)

o) A: 0.1392) 1.7665) 0.342) 0.432)
B: 0.2615) 0.5779) 0.41(2) 0.142)
C: —0.0365) 0.8775) 0.392) 0.432)

HPO3 A: 0.1428) 1.79417) 0.283) 0.0891)
B: 0.2735) 0.5444) 0.392) 0.162)
C: —0.0062) 0.8994) 0.391) 0.752)

8Relative toa-Fe.

two structural transitions as a function of oxygen content
At y=6.68 (sampleQ) a tetragonal phase | is observed,
which transforms to an orthorhombic phase at an oxygen
contenty=6.85 (sampleA). With additional oxygen incor-
poration into the structurésampleO), aty=7.06, a second
tetragonal phase Il appears.

The tetragonall) and orthorhombic phases observed in
YSCFO are similar to the tetragonal and orthorhom{big¢
phases observed in pristine YBCO. Neutron Bragg scattering
result$® on oxygen-deficient YBCO have shown that in the
tetragonal phase |, site occupancies of the oxygéf) @nd
O(5) chain sites are found to be nearly equal. With increas-
ing oxygen contenty(>6.5) stabilization of the orthorhom-

0@) b—

bic phase is ascribed to formation of square-planar chains (b) ? A-site
running along thé axis with near full occupancy of oxygen c
0O(4) sites and the lack of such occupancy fo(5Dsites
between the chains. However, the tetragonal phase Il ob- oM
served in YSCFO has yet to be established for overdoped
pure YBCO. The presence of two types of cations in the o Fe(1) N >
i
:G 1.0 T T T T H;O:; v T 0(5)
% YSr,Cuy,Feq40, HPO3' a o)
S 08 4 ¢
=]
2 06| -
% |Superconducung ) ..o © ? Cosite
E“ 0.4 | Non-superconductin, ] c
a
3
g 0.2t .
3
.(7) 0.0 L =I L 1 1 1 1 1 be
6.5 6.7 6.9 7.1 7.3 o

Oxygen Content

FIG. 9. Mdsshauer site intensity ratiogc/(Io+1c) of
YSr,Cu, Fe, 0, samples plotted as a function of oxygen content
y. 0,0, and O represent samples annealed in flowing oxygen at
550 °C for 24, 48, and 60 h, respectively. HPO3 and HPO8&s- FIG. 10. Local structures af) Cu(1) site, (b) Fe(1) A site and
ignate samples high-pressure oxygen annealed for 24 and 48 It) Fe(1) C site in YBCO or YSCO. Absorption of oxygen at the
respectively. Q and Q' designate precursors quenched from O(4) site and relocation of K&) in the center, converts the tetrahe-
900 °C in air in a pellet and powdered form, respectively. dral A site into a trigonal bipyramidaC site.
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approximate ratio of Fe:Gua3:6 must lead to some chemical  The subtle competition for chain oxygen between Fe and
disorder in the chains. Second, these cations take on loc&lu cations revealed by tHe /(1 +1,) systematics of Fig. 9
coordinations in the chain that are known to be slightly dif-can be qualitatively understood in terms of free-energy con-
ferent. Unfortunately, powder x-ray diffraction lacks the sen-siderations of the doped system. Chemical bond energy con-
sitivity to establish details of structural order in the chains assiderations elucidated by Oesterreicher and'femiggest
also recognized by previous workers: Fortunately, 5Fe  that at low oxygen conteny( 6.7), Cu and Fe chain cations
Mossbauer(Refs. 10, 16, and 27and %35%Cu NMR/NQR  are present in CtCu' and F&Fe? (pair of A site§ units.
(Ref. 18 spectroscopies can provide valuable information ornThe underlying enthalpies of formation of such units are the
chain-site occupancies thus complementing the x-ray strudiighest of all possible fragments. The superscript on cations
ture results. designate the number of oxygen nearest neighbors in the
ab plane. With increasing oxygen content, e* units
(i.e., a pair ofA andC site§ Cu?Cu? units and FéFeS (i.e.,

a pair of C siteg are the preferred local units formed based
on enthalpic considerations. We can thus trace the first pla-
The central result to emerge from the present work is theeau (6.9<y<<7.05) to oxygen uptake at Cu sites in the
striking correlation between chain molecular structure, oxy-chains to form CA4Cu? fragments, while the second plateau

gen content and bulk superconductivity in the presen{7.18<y<7.30) to oxygen uptake to form the familiar
YSCFO system. Specifically, the fraction @f-site occu- Cu2Cu? fragments(square-planar chain unjtsharacteristic
pancy in the chainsc/(Ic+1,) deduced from Msesbauer of the YBCO structure.

spectroscopy measuremer{f&able ) is found to increase A particularly remarkable aspect of our results in Fig. 9, is
with the amount of bonded oxygen in the crystalline phasehe critical value of the ratidc /(1 o+ 1) =0.47 before bulk
(Fig. 9 displaying two plateaus. For completeness we haveuperconductivity onsets in the present YSCFO system.
included results on additional samples in Fig. 9. Details orfrigonal bipyramidal coordinated Fe sites in the chains ap-
sample preparation appear in Fig. 9 caption. At the first plaparently promote superconductive coupling between the
teau, when the&C site occupancy exceeds a critical value of CuO, planes since the superconductive fractions in the
lc/(lct1a)=(c/1")=0.471), bulk superconductivity samples  steadily increase in proportion  to
manifests in the present cuprate system. The Meissner fragt-/(15+1¢c) —0.47]. We are also struck by the fact that the
tions are found to increase in proportion t-(1')—0.47. T.=60 K of a 10% Fe-doped YSCO sample equals that of a
These results suggest that presenca sftes(tetrahedralin  pristine YSCO samplé.If T.=60 K is truly representative
the chains, which proliferate in ambient pressure processedf pristine YSCO, then in the doped samples, 30% replace-
samples, suppress superconductivity in this trilayer structurenent of the Cu cations in the chains by Fe has not only had

Processing of the samples at high temperat(®8® °CQ  no detrimental effect o, but in fact, strongly promoted
in a high oxygen pressur€@7 MPa ambient leads to an flux pinning as will be discussed later.
opening of the F®),(04,,), tetrahedral units into trigonal The plane-site occupanciebg(l) show a small but sys-
bipyramidal ones by occupancy of an(4D chain site in its tematic reduction with oxygen content as revealed by the
vicinity and a concomitant displacement of the(Hecation  results of Table I. In absolute terms, there~2.5 atomic
towards the center as schematically illustrated in FighllO percent of Fe dopant occupancy in the planes in the nonsu-
Once transformed, th€ sites appear to be stable at ambientperconducting sampleg) andA) and about half that value
pressure. The role of high pressures and temperatures at.5 at. % in the superconducting one®(and HPO3. The
pears to be to facilitate the atomic scale transformation opresence of Fe dopant in the planes most likely serves to
A— C sites in bulk materials. Our resul(Eig. 9) show that suppress the superconducting state by depairing the carriers.
the variation oflc/(Ic+1,) with oxygen contenty in the At the same time, sincég/l remains unchanged between
range 6.5Xy<7.1 displays a pair of plateau’s. The proposedsamplesO and HPO3, the significant increase in diamagne-
model for A—C site transformation requires the uptake of tism (Fig. 4 between these samples could not be directly
one oxygen atom per iron atom to fornCasite. Since 85% related to Fe B site) occupancy in the planes in the present
of the Fe dopant is localized in the chains, the predictedtase.
variation of site populationslc/(N:+N,) with y leads to a We have also examin&lgrain-aligned YSCFO samples
maximum slope of 1/(0.8 0.85)=3.92 (broken line in Fig. at 300 and at 4.2 K to ascertain the local magnetic field, sign
9) provided all added oxygen is Fe associated. We could naind direction ofV,, for sitesA, B, andC. The experiments
exclude the possibility that sitefactors are unequal and that reveal a negativé/,, tilted somewhat with respect to the
these increase witly. However, the close similarity in the axis for both sitesA andC. These results will be dealt with
slopesd[ | /(I o+ 1¢)]/dy with that of the broken line is sug- in a forthcoming publicatioR?
gestive of a more attractive explanation.

In the oxygen concentration ranges of 6:A4p<6.9 and
7.1<y<7.2, the steep growth inc/(Ic+1,) displays a
slope close to the maximum value of 3$ke Fig. 9. These
results strongly suggest that in these oxygen concentration An issue of central importance within context of pairing
ranges, oxygen is principally absorbed at Fe-dopeaisites  of carriers in the present layered cuprates is the role of local
in the chains. On the other hand, in the oxygen concentratiostructure. Zn- and Ga-doping experiments in YBCREef.
ranges where plateaus manifest, one is led to conclude thaf) in this regard, have been particularly insightful since
oxygen is absorbed at C1) chain sites. both dopants enter the trilayered structure, tetrahedrally co-

B. Site occupancies, oxygen content,
and bulk superconductivity

C. Role of local structure and superconductivity
in YSCO and YBCO
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ordinated to four oxygen near neighbors thus leaving therystals of hight . based cuprates and melt-grown Nd- and
oxygen content of the doped material unchanged at 7. ZSm-based 123 materials has stimulated interest in under-
dopant is thougit to localize in the planes, while Ga dopant standing the origin of such a peak. Several worker§have
localizes in the chains. The steeper decreask.afith dop-  favored intrinsic heterogeneity of oxygen content in such
ing concentratiorx for Zn (dT./dx=6.4 K/at. % than for = samples as a source of flux pinning contributing to the sec-
Ga (dT./dx=2.5 K/at. % is generally ascribéd to the ondary peak. An alternate vieWw?°is that the fishtail mag-
more important role of the Cuplanes than Cu@chainsto  netization represents evidence of a dimensional crossover at
support superconducting carriers in these cuprates. a temperaturd ., with quasi-2D vortex fluctuations prevail-
The Ga-doping experiments in YBCQRef. 2) and ing at T<T,, and 3D vortex fluctuations prevailing at
YSCO (Ref. 3 are insightful for another reason, these pro-T>T,. At the crossover temperatuiig,, the fishtail mag-
vide a baseline to establish the detrimental effect of replacingetization disappeafsand concomitantly the irreversibility
square planar CugO,,), units by tetrahedral Gaf,,,), field H;, displays a change in functional form from an expo-
ones at a fixed oxygen stoichiometry. For example, imential dependence as a functiorifofat T<T,,) to a power-
YBa,(Cu;-,Gay)307 and YSK(Cu;-,Gay)307, with X Jaw behaviora(1—T/T,)" with n in the range 3/Zn<2 (at
increasing to 0.107 drops from 91 to 65 K in the former T>T_). These functional forms have been derived assuming

and from 60 to 21 K in the latter cuprate. Lindemann’s melting critericii">” as applied to the flux lines
It is instructive to draw an analogy between the rolej, op and 3D.

played by Fe & site) dopant and Ga dopant in SUPpressing  the magnetization hysteresis loops in the present YSCFO

superconductivity of YSCO. Both these cations are tetrahez e .
drally coordinated in the chains and suppré&ssin an ap- samplestHPO3 shown in Fig. 5, display a secondary peak

proximate proportion to their occupancies in the chains ThuisF1 the ireversible magnetization which is discerible at
replacemeritof 30% Cu(1) sites by Ga in the chains reduced <55 K. The high flux-pinning in HPO3 samples whete

T. of YSCO from 60 to 21 K, while the replacement of about §ites proliferate has been noted bef8fer the correspond-

one half of the 30% CU) sites by FeA sites in the chains ing Ba analog in. samplgs synthesiz_ed ".ﬂ ambient pressure. A
reducesT, of YSCO to 28 K. It is also worth rescaling that POt Of 10G10AM (irreversible magnetization at the secondary
high-pressure oxygen annealing of a ¥Su,-Gag:O, peak againstT [Fig. 6(@)] reveals a linear behawor at low
sample leaves tHE. = 21 K unchangedmost likely because T (T=45 K) and a sharper change at high (45 K

the G&* dopant is resistant to further oxidation and contin-<71<60 K). The lowT results imply thatAM decreases
ues to be tetrahedrally coordinated in the chains. On th&xponentially withT. At higher temperatures, a plot of
other hand, high-pressure oxygen annealing of d09i0Hir @gainst logy(1—T/T.) reveals a power-law behav-
YerCUZJFeO.SOy Samp'e leads to a qua"tative enhanceJor W|th n=216(5) as I||UStrated n F|g(5) Our I’ESL”IS on
ment of superconductivity which is accompanied by a nearlyfhe HPO3 sample thus reveal a change in the functional form
complete change in local structure of Fe dopant in the chaindescribingAM with T nearT=45 K, which we identify with
(from tetrahedral to nontetrahedral coordinajiaas strik- the crossover temperatufg,. These features of our magne-
ingly demonstrated by the present Mbauer studies. These tization results are suggestive that the fishtail magnetization
studies highlight, in an elegant fashion, the crucial role ofiS an intrinsic behavior of the system resulting due to a di-
local structure rather than the average structure in controllinghensional crossover of flux pinning from 2D to 3D with
the superconductive behavior of the layered cuprates. increasingT. It is difficult to imagine that these magnetiza-

It is reasonable to think that trilayer fragments composedion results arise due to extrinsic effects such as heterogene-
of a pair of CuQ p|anes Separated by either Square-p|anai‘ty of oxygen content. It would be well to recall here that the
Cu(1) sites or distorted trigonal bipyramid R sites but not ~ Present polycrystalline HPO3 samples, possess a small grain
tetrahedral FeA sites are spontaneously superconducting. Iize(5 1) and were treated in oxygen both at ambient pres-
is then of interest to inquire if the observed threshold forsure and at high pressures for extended perioel24 h.
onset of bulk superconductivityFig. 9 in YSCFO repre-
sents a percolation threshold. In the range<6y$<7.05,

where the first plateau occurs, if we take one-half of all Magnetization and>’Fe Mdssbauer spectroscopy mea-
Cul) sites to be square planar as suggested by thgyrements on YSICu, e, 40, samples studied as a func-
Cu?Cu* configuration(Ref. 19 discussed in Sec. Il B, then tion of oxygen content have shown a close connection be-
the observed value dfc/(Ia+1¢c)=0.47 (Fig. 9 translates  tween onset of bulk superconductivity and chain-molecular
into a nontetrahedrgbuperconductingchain-site fraction of  strycture. In particular, when th@-site (trigonal bipyrami-
~0.47. This threshold is _surprisingly close to the thresholdda“y coordinated Fe in the chainsccupancyl /(I 4+ 1¢)
of 0.50 for bond percolation and somewhat lower than thexyceeds a critical value of 0.41, bulk superconductivity
threshold of 0.59 for site percolation in a two-dimensionalmanifests. A model is developed for thesite (tetrahedrally
(2D) network?® These ideas can be refined in the future aSoordinated Fe in the chaingo C-site transformation upon
details _of C\2) local order in such samples can be reliably oxygen uptake which is not only in harmony with the micro-
ascertained fron?>*Cu NQR/NMR (Ref. 18 and extended  scqpic site A,C) assignments, but quantitatively describes
x-ray absorption fine-structure studies. the observed variation of chain-site occupancies
[Ic/(Ic+14)] as a function of sample oxygen content. In
samples synthesized by annealing at 915 °C and at 27 MPa
oxygen pressure, a nearly complete transformation of
The recent observatiéfr?’ of a secondary peaffishtail A—C sites is observed, i.elc(la+1c)=0.91. In such
in magnetizationM (H) hysteresis loops in several single samples, processed at high oxygen pressures, not only is

IV. CONCLUSIONS

D. Flux pinning and origin of secondary peak in magnetization
hysteresis of Fe-doped YSCO samples
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