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The crystal structures of Hg,ReSr,Ca,_1Cu,05, 42+ 5 (N=2,3; x~0.2—0.25 (synthesized at high pres-
sure were refined using neutron powder diffraction and the Rietveld analysis technique. Superconductivity
was not observed in the as-prepared2 compound while & ; of 107 K was measured for the=3 sample.
Postannealing in evacuated tubes results in creating superconductivity irctheample with ar, of 90 K
and in enhancing it up to 120 K in the=3 sample. The structures of both as-prepared and vacuum-annealed
samples were investigated. In both compounds, Re substitutes at the Hg site. Four additional oxygen atoms are
incorporated into théHg, Re plane for each Re atom providing an octahedral environment for Re. Thus, for
a composition ok~0.25, all available oxygen sites in tfleg, Re plane are filled. These oxygen atoms shift
off the ideal position to form bonds of appropriate lengttB8 A with Re. Vacuum-annealed samples show
oxygen deficiency in théHg, Re layer suggesting that the actual Re content is below the solubility limit. The
enhanced flux pinning for these chemically substituted compounds could result from the observed shortening
of the blocking layer by 0.8—0.9 A and/or from increased interlayer coupling through the blocking layer by
possible improvement in electrical conduction. Additionally, Hg-rich regions and/or planar défaalts)
separating domains where the Rg-@tahedra are ordered in different ways could act as pinning centers.
[S0163-182806)04721-2

INTRODUCTION could act as pinning centets.
Chemically substituted HgB&a,_1Cu,05,4 545 COM-

The mercury-based copper-oxide compoundspounds for such studies were first synthesized under ambient
HgBaCa,_1CuU,0zn4 2+ 5 (N=1, 2, and 3 exhibit the highest pressure in sealed quartz tu§e&?Using such techniques,
T.'s yet observed for any superconductofd35 K for  substitution of some RECr, etc) at the Hg site and Sr for Ba
n=3).2 However, the flux-pinning properties of these mate-could only be achieved if Ca was partially replaced by Y in
rials are not as good as for some other highsuperconduct- the case ofn=2 and 3 compounds. More recently, using
ors (e.g., YBaCuOg.,), limiting their usefulness for high-pressure techniques, it has been possible to synthesize
applications’~® Shimoyamaet al. have recently reported sig- these compounds without the need for substitution of a triva-
nificant improvements in the flux pinning of the mercury- lent cation at the Ca site. These latter materials exhibit
based compounds when Hg is partially replaced by Re or Cbetter flux-pinning properties than materials where Ca is par-
and Ba is replaced by 8r® These chemically substituted tially substituted by Y. In both material, is reduced some-
materials also show improved chemical stability. what by the chemical substitution.

The flux-pinning behavior is thought to depend on the In this paper we report the crystal structures of
degree to which pancakelike vortices in the Gu@anes Hg,_,ReSKLCg,_,Cu,0,,154 5 for n=2 and 3 andx~0.2
couple along the axis to form vortex lines and the presence and 0.25, respectively. Throughout this pagklg, Re-1212
of suitable pinning sites that impede the motion of theseand (Hg, Re-1223 will refer to samples where Hg is par-
vortex lines™!? Shimoyamaet al. have argued that at least tially substituted by Re and Ba is totally replaced by Sr. The
two features of the chemically substituted compounds masgtructural refinements are done with neutron powder diffrac-
enhance flux pinningfl) the substitution of Sr for Ba sig- tion data from samples synthesized at high pressure and
nificantly shortens the “blocking layer” distancghe dis- again after these samples have been postannealed in evacu-
tance between groups af CuO, conduction plands); and  ated quartz tubes. We have determined the local environment
(2) the chemical substitution at the Hg site may make thearound the Re defect, in particular, the incorporation of ad-
blocking layer more metallit! Both of these are thought to ditional oxygen to complete the Re coordination. We also
increase the coupling along the axis. In a recent paper, report how the host structure is distorted to accommodate
Chmaissenet al. also explored the possibility that extended this defect and speculate on how these structural changes
defects in a chemically substituted H8r-1201 compound enhance flux pinning.
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FIG. 1. ac magnetic susceptibily measurements (@r as- FIG. 2. Irreversibility line for vacuum-annealed

prepared (Hg; _,Re)SrL,CaCy0, (T,=0 K), (b) as-prepared (Hg;_xRe)SLCa,CU0, compared to that of HgB&a,Cu;0, [by
(Hg; _«Re)SL,CaCw0, (T,=107 K), (c) vacuum-annealed Welpet al.(Ref. 3].

(Hg; _4Re)Sr,CaCyO, (T.=90 K), and (d) vacuum-annealed

(Hg; - xR&)SRCaCU0, (T=120 K). NEUTRON POWDER DIFFRACTION

Neutron powder diffraction measurements were per-
SYNTHESIS AND CHARACTERIZATION formed on the Special Environment Powder Diffractometer
at Argonne’s Intense Pulsed Neutron Soufrt&o obtain
Samples with nominal Re concentration=0.2—-0.25 enough material for the neutron diffraction experiments,
were prepared at high pressure. The precursor materials preach sample consisted of the product of two high-pressure
pared from CaCg, SrCG;, CuO, and Re@were mixed with  synthesis runs under identical conditions. Small sintered pel-
HgO to achieve nominal compositions of lets from the high-pressure synthed80 mg for(Hg, Re-
(Hgo sR& )SKLCaCyO, and (Hgg 7R 9SKLCaBCUO,. 1212 and 300 mg fofHg, Re-1223] were suspended on an
Subsequently, these mixtures were heated at 1270 K for 3@morphous boron fiber in the neutron beam to minimize
min in gold capsules under an almost isostatic pressure of Background scattering. Data collection required 20—24 h per
GPa using a cubic anvil type apparatus. The products wereample. Data were analyzed by the Rietveld technique, using
quenched to room temperature. Additional details of the synthe GsAs codé” over ad-spacing range of 0.5-4 A, which
thesis conditions have been published previotbige sus- included 1256 and 1506 Bragg peaks fior2 and 3, respec-
ceptibility measurements showed that the as-prepare@ t|\_/ely. Tw_o phases W!th the infinite-layer structtitéut with
compound is not superconducting while the:3 compound slightly different lattice parametergthought to be_ com-
is superconducting with &, of 107 K. Following the initial ~ Pounds of the type $r,Ca,Cu0,) appeared as a minor im-
measurements the samples were postannealed in evacuafiffity phases in both samples and were included in the re-
quartz tubes at temperatures around 460—490 °C. As We{gnernents. Flgu're 3 shows the raw diffraction data and best-
previously reported! this induced superconductivity in the fit Rietveld profiles for the two samples.
n=2 material and raised. in the n=3 material. The tem-
peratures required for this annealing are near the decpmpo— AS-PREPARED SAMPLES
sition temperatures for these materials. Unfortunately, in the
case of then=2 compound, the annealing process resulted in Initial refinements carried out using the tetragonal space
partial decomposition of the sample which created difficul-group P4/mmm of the HgBa)-{12(n—1)n} compounds
ties for precise structural refinement of that samfitebe  were found to give satisfactory results with reasonably Fow
discussed latgr factors. However, selective peak broadening indicated a
Figure 1 shows the magnetic susceptibility curves for theslight orthorhombic distortion in both data sets. Refinements
samples being investigated in this paper. Irreversibility linesusing the orthorhombic space groBmmmwere attempted
were obtained by measuring the magnetic hysteresis loops aind found to give substantially better fitstrongly favored
the vacuum-annealed samplésptimal T;) up to £7.5 T by R-value ratio tes{s indicating orthorhombic strains on
using a vibrating-sample magnetometer apparatus. The irr¢ghe order of 0.2%. This result is consistent with the observa-
versibility line for the(Hg, Re-1223 sample is shown in Fig. tion by electron diffractioft of a face-centered orthorhombic
2. The figure shows that althoudhlg, Re-1223 exhibits a supercell of dimensions&<4bXx 2c in about 20-50 % of
T, of only 120 K its irreversibility line lies at higher fields the crystallites in both samples. However, no supercell re-
than that of HgBsCaCu,Og. 52 The irreversibility line for  flections were visible in the neutron diffraction data. Refine-
our (Hg, Re-1212 sample could not be measured because ahents of the average structure were done in the fundamental
its partial decomposition during the vacuum anneal. How-orthorhombic cell. Anisotropic temperature factors were as-
ever, previous work of Shimoyan® al® shows a significant  signed to those atoms that showed unusually large isotropic
improvement of the Re-dopet=2 sample compared to that temperature factors. For the=3 compound, it was neces-
of undoped H¢{Ba)-1212. More detailed work is currently sary to apply the constraint;;=U,, to the O(la) and
underway. O(1b) oxygen atoms because of the small orthorhombic
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(a) the distortion of the Re-octahedron is nearly the same for
the (Hg, Re-1212 and(Hg, Re-1223 structuregTable III)
‘ ' ' ‘ ' ' suggesting a common reason for the occurrence of the dis-

3000 - : ) tortion. We speculate that this distortion lowers the free en-
2 2000 | ergy of the Re-@ octahedron compared to a perfect octahe-
g dron and may be related to the charge state of Re. Because
3 1000 i the octahedron is essentially bonded to the rest of the struc-
ture only by its apical bonds to the Cu atoms above and
or i below, it is free to distort in a way that would not be allowed

TR R S T S L if it were bonded in three dimensions. This orthorhombic

T - | i distortion of the Re-@ octahedra is consistent with the
orthorhombic distortion of the unit cells of both structures.
: : : ! : : Our model for the Re defect is the one most consistent
0.5 1 15 d 2 23, 03 with the diffraction data, but it is, in general, impossible to
-spacing (A) ) S L
prove unigueness. Establishing the exact Re content is diffi-
cult. In previous refinements of Hg-1212 and Hg-1223 struc-
(b) tures where the Hg site occupancy has been refined, there has
. x r been evidence for Hg vacancies or the substitution of some
atom with a smaller scattering lengf.g., copper or carbgn
. on the Hg sitd®9For this reason, the refined Re contents in
the present refinements cannot be viewed as being reliable.
Taken at face value, our refinements would suggest Re con-
| - tents of 29% to 38%Tables I-\}—well above the concep-
il j__‘ 4 tual solubility limit. However, if Hg vacancies or other sub-
I T stitutional defects are present, even in small concentration,
— e | B our refined values for the Re content would drop below 25%.
f:k;“‘f.d S S Because of these difficulties, the best estimate for the Re
) | ! ! ! ! content is given by the refined occupancies for the associated
0.5 1 5 2 25,3 35 4 oxygen atoms @') and 3). These refined occupancies are
d-spacing (A) consistent with a Re content near the conceptual solubility
o . . limit of 25%.

FIG. 3. Best-fit Rietveld refinement profiles for as-prepared |4 addition to this difficulty, we cannot rule out the pos-
Ho, ReSKCa, 1ChHOzn12+5 (x=0.2 for n=2 (a) and (x sibility of a different Re configuration for a small fraction of
=0.25 for n=3 (b). Plus marks(+) are the raw time-of-flight  yhe Re atoms. The rich chemistry of Re could allow for such
neut_ron !oowder diffraction data._ The solid line |_s_the calculateddefects_ For example, Re atoms could form local pairs with
profile. Tick marks bel_ow the profiles mark the posmons of aII_owed an associated oxygen-atom environment consistent with the
Bragg reflections. A difference curyebserved minus calculateis . . . . .
plotted at the bottom. Re clustering. Wg see no evidence for sgch co_nflguratlons in

our structure refinements. Our model in which every Re
splitting. Refined structural parameters are given in Table ptom is octahedrally co_ordmated fo six oxygen atoms ac-
for (Hg, Re-1212 and in Table Il fofHg, Re-1223. counts for all of the available Re and for full occupancy of
éhe Q3) oxygen site, but more complex Re defects at a small
concentration consistent with the error bars are not pre-

2000
1500
1000

Counts

500 L.

It was found that Re substitutes at the Hg site. Each R
atom is surrounded by four oxygen atomg3() but these

are not at the ideall/2,1/2,0 site where interstitial oxygen cluded.

would be incorporated into the normal HBp)-1212 and

Hg(Ba)-1223 structurei:f?‘_19 Rather, these oxygen atoms are VACUUM-ANNEALED SAMPLES

displaced to a general sitex,{/,z), wherez=0.01 forn=2

and 0 forn=3, to achieve appropriate bond lengihs1.88 Both then=2 and 3 samples were vacuum annealed to

A) with Re. The local structure in the region of this compleximprove their superconducting properties. Tire3 sample
Re defect is shown in Fig. 4. For a Re concentration ofwas successfully postannealed in an evacuated quartz tube at
x=0.25, one additional oxygen atom per formula umé., 460 °C. Unfortunately, the vacuum-annealpet2 sample
6=1) would be incorporated, filling all of the available oxy- was partially decomposed resulting in a sample in which
gen sites in théHg, Re plane. Our refinements give Re and 60% of the material was the desirédg, Re-1212 phase.
O(3) site occupancies one or two standard deviations abové.'s of 90 and 120 K were measured for the vacuum an-
these limiting values, suggesting that both samples are neaealedn=2 and 3 samples, respectively.
the limit of Re solubility. The vacuum-annealed compounds were found to have te-
If the apical oxygen atoms @) remained at0,0z) posi-  tragonal structures with space groig/mmm Because of
tions, there would be a nearly perfect octahedron of oxygeithe partial decomposition of the=2 sample, the most reli-
atoms around each Re atom. However, we observe that @able structure refinements were those for the3 sample.
fraction of the @2) atoms equal to twice the Re content are O(3) atoms were found to occupy displaced positions around
displaced about 0.3-0.4 A along tReaxis to a new X,0,2) Re atoms as for the previous refinements while apid@) O
site, 2'), resulting in a distorted octahedron. Interestingly,atoms were not found to be displaced off thaxis. Thus the
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TABLE |. Refined structural parameters for the as-prepdHgh_,Re)SrnCaCyOg, s sample. Ortho-
rhombic space group PmmrNo. 47). Lattice parameters ara=3.80141) A, b=3.81011) A, and
¢=12.01243) A. Final agreement factors ary,=4.00%,R,,,=6.47%, and¢®=1.654. Constraints am(Hg)
+n(Re)=1; n[O(2)]+n[0O(2")]=2; U(Hg)=U(Re) andU[O(2)]=U[0O(2)].

Atom Site X y z UA? n
Hg 1a 0 0 0 Uy 0.0173) 0.663)
Uy 0.0143)
Uss:  0.0061)
Re la 0 0 0 Uyi: 0.0173) 0.343)
Uy 0.0143)
Uss:  0.0041)
Sr 2t 1/2 1/2 0.21161) 0.00825) 2
Ca 1h 1/2 1/2 1/2 0.0014@) 1
Cu 2q 0 0 0.3611515) 0.00435) 2
0(1a) 25 112 0 0.36428) Uy 0.0002) 2
Uy 0.0183)
Uss:  0.0175)
O(1b) 2r 0 1/2 0.368%27) Usi: 0.0032) 2
Uy 0.0052)
Usg:  0.0125)
0(2) 2q 0 0 0.16466) 0.0041) 1.539)
0(2") 4w 0.091) 0 0.1532) 0.0041) 0.479)
0o@3) 8a 0.3683) 0.3303) 0.0111) 0.0073) 1.093)

TABLE Il. Refined structural parameters for the as-prepdtgl ,Re)SLCaCu:Og, 5 Sample. Ortho-

rhombic space group PmmrNo. 47). Lattice parameters ara=3.81972) A, b=3.82522) A, and
¢=15.17096) A. Final agreement factors aR,=5.84%, Ry, ,=9.60%, R, =6.56%, andy?=2.049. Con-
straints are n(Hg)+n(Re=1; n[O(2)]+n[O(2")]=2; U(Hg)=U(Re); U[O(1la)]=U[O(1b)];
U[O(2)]=U[O(2")]. Note that oxygen atoms have been numbered differently than in previous (e.grk
Ref. 19 to enable an easier comparison with the3 structure.

Atom Site X y z UA?) n
Hg 1a 0 0 0 Uy 0.0134) 0.715)

Uy: 0.0305)

U 0.0062)
Re la 0 0 0 Uq: 0.0139) 0.295)

Uy 0.0305)

Uss:  0.0062)
Sr - ) 12 0.167®) 0.0131) 2
Ca 2 1/2 1/2 0.3918) 0.00278) 2
Cu(d) 1c 0 0 0.5 0.004(10) 1
cu?2) 2q 0 0 0.28452) 0.00568) 2
O(4a) 1d 1/2 0 1/2 0.0012) 1
0(4b) 19 0 12 12 0.0104) 1
O(1la) 2s 1/2 0 0.29417) Uq: 0.00539) 2

Uy 0.00539)

Uss:  0.0183)
O(1b) 2r 0 12 0.28481) U, 000539 2

Uy 0.00539)

Us: 0.0183)

02 2q 0 0 0.130712 0.0082) 1.508)
0(2") 4w 0.1021) 0 0.1192) 0.0082) 0.508)
0o@3) 4y 0.3713) 0.3223) 0 0.00%3) 1.11(5)
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FIG. 4. Portions of the structures of as-prepared
Hg, - «ReSrLCa,_1Cu,0,, 42+ s for n=2 (a) andn=3 (b) showing
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Re octahedra are not distorted and have longer apical Re- e e e e e @ @ Re

O(2) distances of 1.931 Acompared to 1.83—1.87)ATable

[lI). The in-plane Re-(B) bond lengths remain essentially

the same. The refined occupancy factor of tH8)@xygen . .

atoms is found to show about 90% filled sites. If all Re atom§_| FIG. 5. ldealized  view (.)f the a-b_ plane of
01 -xReSKLCa,_ 1CU,05, 2+ s Showing two possible ordered ar-

are assumed to have a full S|xfpldlcoord|nat|00n to Oxygenrangements for the Reg®@ctahedra. The arrangement shown at the
atoms, this suggests a Re substitution~@#2-23 %(as op-  (op (a) is consistent with the x 4b 2c supercell(Ref. 11) seen
pOSGd to the SO|UbI|Ity ||m|t Of 25%at the Hg Site a.nd that by electron diffraction for some Crystamtes

the oxygen removed by postannealing is interstitial oxygen,

which is the common doping mechanism in these comtern for this sample. SEuQ; was identified as an additional
pounds. This explanation seems most likely to us. Howevelimpurity phase, however, some lines were not identified. The
if another more complex Re defe@.g., Re clusteringex-  normalized scale factor of thélg, Re-1212 phase was de-
ists at a concentration too small to be seen in our diffractiorcreased by about 40—45 %. Multiple-phase Rietveld refine-
experiments, changes in oxygen content could also be assmients carried out on this sample gave satisfactory results.
ciated with changes in the concentration of such defects. Nevertheless, it should be pointed out that parameters which
Similar features were obtained for the vacuum-annealedequire highly accurate data such as the oxygen occupancy
n=2 sample. Extra impurity lines resulting from the partial factors should be interpreted with caution. Refined structural
decomposition were observed in the neutron diffraction patparameters for botm=2 and 3 vacuum-annealed samples

o

TABLE Ill. Re-O and O-O distance}) in the Re-Q octahedra.

n=2 n=3
n=2 (vacuum annealed n=3 (vacuum annealed
Re-QHg) X4 1.884 (6) 1.85912) 1.87910) 1.88311)
Re-Qapica) X2 1.86925) 1.9335) 1.834) 1.9315)
O(Hg)-O(Hg) X2 2.512) 2.5511) 2.463) 2.473)
O(Hg)-O(Hg) X2 2.812) 2.632) 2.8403) 2.844)
O(apica)-O(Hg) X2 2.563) 2.6819) 2.434) 2.6978)

O(apica)-O(Hg) X2 2.743) 2.6819) 2.81(4) 2.6978)
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TABLE IV. Refined structural parameters for the vacuum-anneédt] ,Re)Sr,CaCyOg, s Sample
(490 °C, 12 h. Tetragonal structure of space groBg/mmm (No. 123. Lattice constanta=3.81521) A
and c=12.06215) A. Agreement factork;=5.05%, R, ,=7.38%, andy?=2.782. Constraints are(Hg)
+n(Re)=1; U(Hg)=U(Re.

Atom Site X y z UA? n

Hg 1a 0 0 0 U;:0.0212) 0.626)
U,,:0.0212)
U43:0.0224)

Re la 0 0 0 U,4:0.0212) 0.3896)
U,:0.0212)
Ua3:0.0224)

Sr 2h 1/2 1/2 0.2168) 0.0171) 2

Ca 1d 1/2 1/2 1/2 0.01(®) 1

Cu 2g 0 0 0.36473) 0.000%8) 2

o) 4 172 0 0.36608) U,;;:0.00001) 4
U,,:0.0132)
Us43:0.0142)

02) 2g 0 0 0.16014) U,;:0.0162) 2
Us,:0.0162)
Ua3:0.0043)

0o(3) 8p 0.3542) 0.3352) 0 0.0184) 1.156)

are given in Tables IV and V. Selected bond lengths ardHg,,dR&, ,2)SrL,CaCu;04 for the n=3 sample. Assuming

given in Tables VI and VII. that Re atoms have a valence 6%, the Cu valence is ap-
proximately +2.28, suggesting that the sample is slightly
DISCUSSION overdoped. This is consistent with the increaseTgfby

vacuum annealing. The same argument, applied tonth2
Based on the refinements, if we consider the as-prepareshmple, suggests that the sample is even further overdoped
compounds to have fully occupied oxygen sites in tHg, (Cu valence~2.5 explaining the absence of superconduc-
Re plane, the stoichiometry would be tivity in that sample prior to annealing. This hypothesis is

TABLE V. Refined structural parameters for the vacuum-anneétsg _,Re )SrLCaCuOg, s Sample
(460 °C, 12 h. Tetragonal structure of space groBg/mmm (No. 123. Lattice constantsi=3.826%1) A
and c=15.21265) A. Agreement factorR,=4.57%, R,,,=7.55%, andy?=2.148. Constraints are(Hg)
+n(Re)=1; U(Hg)=U(Re.

Atom Site X y z UA? n
Hg la 0 0 0 U44:0.02712) 0.684)
U,,:0.0272)
Us3:0.0032)
Re la 0 0 0 U;:0.0272) 0.324)
U,,:0.0272)
Us3:0.0032)
Sr 2h 1/2 1/2 0.169%) 0.0131) 2
Ca 2h 1/2 1/2 0.39243) 0.00338) 2
Cu(d) 1b 0 0 0.5 0.004(®) 1
Cu2 29 0 0 0.28502) 0.00537) 2
0(4) 2e 1/2 0 1/2 U;:0.0142) 2
U,,:0.0082)
Us3:0.0072)
0(1) 4i 1/2 0 0.2892) U,:0.00388) 4
U,,:0.00368)
Us3:0.0262)
0(2) 29 0 0 0.12693) Uy;:0.0322) 2
Us,:0.0322)
Us3:0.0002)

0(3) 8p 0.3715) 0.3234) 0 0.0084) 0.904)




53 CRYSTAL STRUCTURES OF Hg-Sr-Ca-Q0-. . . 14 653

TABLE VI. Selected bond lengthgA) for (Hg,gRey )SKLCaCy0g, s compared with those of
HgBaCaCuyOg, s (from Ref. 16.

(Hg,-xR&)SKLCaCyOg, 5 (Hg; - xRe)Sr,CaCyOg, 5

HgB&CaCuyOg, s (as prepared (vacuum annealed
Hg-0(2) 1.9862) 1.9787) 1.9335)
Hg-O(3) 2.7261)
Re-Q2) 1.9335)
Re-Q2") 1.86925)
Re-Q(3) 1.8846) 1.85912)
Sr-O(1a) 2.7672) 2.6447) 2.6234)
Sr-O(1b) 2.6756)
Sr-02) 2.841(1) 2.7492) 2.782816)
Sr-02") 2.562)/3.033)
Sr-Q(3) 2.7862) 2.552)/2.792) 2.7475)
CaO(1a) 2.4811) 2.5086) 2.5002)
CaO(1) 2.4736)
Cu-O(1a) 1.9281) 1.90112) 1.907667)
Cu-O(1b) 1.907@4)
Cu-0(2) 2.7753) 2.3618) 2.4686)
Cu-O2) 2.523)

supported by the observed lengthening of the apical Cu-®ecause the spacing between adjacent Quiénes actually
bonds from 2.32-2.36 to 2.41-2.47 A upon vacuum annealincreases by about 0.1 A. The apical Cu-O bonds are short-
ened significantly to 2.32—2.36 A for those associated with

ing.

Important features of théHg, Re-1212 and(Hg, Re-

Hg in the blocking layefCu-O(2)] and to 2.52—2.54 A for

1223 structures are compared to those of the ideal structurésose associated with Re in the blocking layeéu-O(2')].

in Table VIII. The substitution of Sr for Ba and the incorpo- This is probably what gives rise to the increased buckling of
ration of Re at 22—-23 % of the Hg sites shortens the blockinghe CuQ planes. It has been previously argued that flat CuO
layer distances by 0.78—0.90 A for=2 and 0.75-0.80 A for  planes and long Cu-O apical bonds are required to achieve
n=3. Thec axes are shortened by a slightly smaller amounthe highesfT.’s in these compound$:*° Thus the reduction

TABLE VII. Selected bond lengthgA) for (Hgg7dRe 29SL,CaCusOq, 5 compared with those of
HgB&CaCu,Og, 5 (from Ref. 19.

HgB&CaCu0gs s (HY;-xRE)SHCaCU0g: 5  (HY;-—«xRE)SHCaHCU0g, 5
(as prepared (vacuum annealed

Hg-0(2) 1.9723) 1.99513) 1.9315)
Hg-O(3) 2.72083)
Re-Q?2) 1.9315)
Re-Q2') 1.834)
Re-Q3) 1.87910) 1.88311)
Sr-O(1a) 2.7726) 2.7138) 2.6414)
Sr-O(1b) 2.6128)
Sr-02) 2.8286) 2.7573) 2.783715)
Sr-Q2') 2.583)/3.055)
Sr-Q(3) 2.7444) 2.6744) 2.7185)
Ca-O(1a) 2.4158) 2.4714)
Ca-O(1b) 2.5047)
Ca-O(4) 2.5253) 2.5183)
Ca-0O(%) 2.5233)
Cu(2)-0(1a) 1.92392) 1.915%9) 1.91452)
Cu(2)-O(1b) 1.9126312)
Cu(2)-0(2) 2.7416) 2.32013 2.4066)
Cu(2)-0(2') 2.544)
Cu(1)-O(4a) 1.9098611) 1.913235)
Cu(1)-O(4b) 1.9126212)




14 654 O. CHMAISSEMet al. 53

TABLE VIIl. Some features of théHg, Re-1212 andHg, Re-1223 structures compared to those of the ideal structi®efs. 16 and
19).

As-prepared  Vacuum-annealed As-prepared  Vacuum-annealed
Hg-1212  (Hg, Re-1212  (Hg, Re-1212 Hg-1223  (Hg, Re-1223  (Hg, Re-1223
(Ref. 19 (this work) (this work) (Ref. 19 (this work) (this work)
aA) 3.85511) 3.80141) 3.81521) 3.847864) 3.81972) 3.82651)
b (A) 3.81011) 3.82522)
c A 12.66512) 12.01243) 12.06215) 15.77823) 15.17096) 15.21265)
CU-Oypical 2.7753) 2.4405 (av) 2.4686) 2.7416) 2.43 (av) 2.4066)
Cu-Qp plane 1.9281) 1.90405 (av) 1.907667) 1.92392) 1.91407 (av) 1.91452)
Buckling angle:
O-Cu-O(deg (x direction 179.42) 177.86) 178.934) 178.44) 179.6494) 175.83)
(y direction 174.95) 171.27)
Cu-Cu(A) 3.14711) 3.3364) 3.2617) 3.1763) 3.2743) 3.2743)
Blocking distance:
Cu—Hg—Cu (&) 9.5792 8.671) 8.8005) 9.4259 8.63() 8.6745)
in T, is consistent with these structural changes. oms on the Hg sites ifHg, R&SK,Ca, ;Cu,0,. Substituting

Under the assumption that each Re atom has four OXY9€Bs0s of Ha wi TR .
. ; g with Re(the solubility limit) will result in form-
atom neighbors in théHg, Re plane, two Re defects cannot . R
be adjacent to one another. Clustering of Re defects is ndtY ?nb?rdered net\{\t/orkl OftR; anlg Hgl atontws and |r|1 ft'”":ﬁ] all
allowed and 25% Re substitution is the solubility limit. For 2vailable oxygen sites in thiélg, Re plane to complete the

25% Re substitution, there are two possible arrangements gPordination shells of the Re octahedra. There would be no
Re-Q, octahedra in tha-b plane, as shown in Fig. 5. One of sites where oxygen interstitials or vacancies could be formed
thesd Fig. 5a)] is consistent with the @x 4bx 2c supercell ~ to control the doping level and optimiZg;. Our work and
observed by electron diffractiort. The existence of the that of Yamauraet al'* shows that as-prepared samples of
three-dimensional supercell depends on this stacking athen=2 compound exhibit zero or near-zero superconduct-
rangement and also on its ordering along thexis i.e., ing fractions which were increased dramatically by postan-
alternating Re and Hg. The fact that such a supercell wasealing in evacuated quartz ampoules. Forrike8 sample,
observed only for part of the crystallites of tiielg, Re-  the T, is raised by postannealing. Thus our work suggests
1212 and(Hg, Re-1223 samples suggests that the local or-that the as-prepared samples are slightly Re deficient
dering of Re-Q defects may not persist over long distances<0.25 and oxygen overdoped and that oxygen is removed
in these materials. by the post annealing to achieve the proper doping level.
The structures of these compounds are consistent with thqeutron diffraction results are consistent with this oxygen
ideas previously proposed by Shimoyamiaal. to explain  pejng removed from the interstitial sites in the Hg/Re layer.
the enhanced flux-pinning—shortening of the blocking layergased on these results, one could speculateTthabuld be
and qhagges_ in its electronic structure that could increasgyised by varying the Re content below the solubility limit of
cqupllng. This shorte_nlng of the blocking layer d|sfcance 25%. Samples with lower Re conterfis<0.25 would allow
arises from the substitution of Sr for Ba. The coupling of greater range of variable oxygen concentratipoviding a

pancake vortices to form vortex lines could also be enhanceﬁ,]eans for adjusting,) and may also support the formation

by a change in the electronic structure due to the differencg . S
) f various defects that could act as pinning centers. It may
between Re-@octahedra and Hg-Gdumbbells in the block- . e o . ST
ing layer. For compositions with 25% Rghe solubility E:anebdeugt?:rflgﬁ to optimize flux pinning while minimizing
c-

limit) there should be no Hg or Re-rich defects that would

act as pinning centers for vortex lines, unless there is a small

concentration of Re-cluster defects below our limit of detect-

ability in the diffraction measurements. However, our results ACKNOWLEDGMENTS
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