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The MShY,Ce sC,0, (M-1222 compounds, with M-Fe and Co, have been synthesized
through a solid-state reaction route. Both compounds crystallize in a tetragonal strisptace

group 14mmn). A Rietveld structural refinement of the room-temperature neutron diffraction data
for Fe-1222 reveals that nearly half the Fe remains at the M site, while the other half goes to the Cu
site in the Cu@ planes. Existence of Fe at two different lattice sites is also confirmed/Fey
Mossbauer spectroscopy from which it is inferred th&0% of the total Fe occupies the Cu site in

the CuQ planes as F&, whereas the other50% is located at the M site with40% as F&" and

~10% as F&". For the M=Co compound, nearly 84% of Co remains at its designated M site,
while the rest occupies the Cu site in the Gu@danes. ©2004 American Institute of Physics.

[DOI: 10.1063/1.1688256

The MSpY,LeLW0O, (M-1222, M=Fe and Cp mission geometry for the Fe-1222 sample. Magnetization
compounds are derived from Cupé&u,O;_ s (Cu-1212 by  measurements as a function of temperat#e£—300 K
replacing the charge-reservoir @Quwith M, and inserting a were carried out using a SQUID magnetomet®uantum
three-layer fluorite-type block (Y,Ce)—O(Y,Ce), instead Design: MPMS-XL).
of the single oxygen-free Y layer between the two GuO Room temperature neutron powder diffractidNPD)
planes of Cu-1212 structufeSome of us recently reported patterns for the M-1222 (MFe and Cp samples were
the phase formation of various MSCu,O, (M-1212) com-  found to be nearly free of any impuritigsee Fig. 1L The
pounds with M=Fe? and Co® In the M-1212 compounds, NPD data were analyzed by the Rietveld refinement proce-
though M cations are expected to reside at th¢lCsite in  dure using the generalized structural analysis system pro-
the charge reservoir layer with full occupancy, it was foundgram. Structural parameters, such as atomic coordinates, oc-
that, to some extent, they occupy the(@uwplane site alsé>  cupancies, and thermal parameters.)Uor different atoms
Particularly, in air annealed Fe-1212 compound, Fe cationicluding variously named oxygen atoms are listed in Table
were distributed equally at both Ci) and Cy2) sites. Inthe  |. The diffraction patterns were readily fitted in a tetragonal
case of Co-1212, the Co cations occupancy was complete structure (space groupl4/mmn) lattice parameters ara
the Cu1) site alone. These results were confirmed by neu=3.82288(78) A and:=28.1203(57) A for Fe compound
tron powder diffraction anc®’Fe Mossbauer spectroscopy anda=3.83158(34) A and=28.1659(24) A for Co com-
studies®® Further, interesting structural changes, pertainingpound The M-1222 compounds are structurally related to
to space group and unit cell doubling, were observed fothe CuBaYCu,O;_s (Cu-1212 compounds with C()
Co-121234 in the charge reservoir replaced by M. Further, a

Samples of MSK(Y 34Ceys) ,CL0O, (M=Fe, Co were  three-layer fluorite-type block (Y,Ces)—0—(Y3.Cern)
synthesized by the solid-state reaction methSBe Mcss- is inserted between the two CuOplanes in M-1212
bauer spectrum was recorded at room temperature in trangompounds instead of the rare earth Y layer in Cu-1212.
The M-1222 structure may be viewed as a layer sequence
dAuthor to whom correspondence should be addressed; electronic maif:)f_Moli‘s_ S0 -Cu@- (YzCe)—Q—(Y,Ce)—CuQ—SrO .
awana@mail.nplindia.ermnet.in —~MO; . 5. We should mention here that, as shown later in
bPresenting author. this section, the M cation may go to both the chaifQsite
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T T T T T T T T T TABLE |. Refined structural parameters for M3 sCe) sCu,O, com-
Pel212 pounds (M=Fe and Cg including atomic coordinates, occupancies, and
thermal parameters ({J). Space group i$4/mmm and lattice parameters
are a=3.82288(78) A andc=28.1203(57) A for Fe compound aral

R - =3.83158(34) A andt=28.1659(24) A for Co compound. Statistical er-
rors are given in brackets, which are usually 2—3 times smaller than true
values in Rietveld analysis.
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FIG. 1. Observed and fitted neutron diffraction patterns for
MST(Y 5uCey)2CLe0, (M=Fe,Co). Vs A™) 212 L1
O(4) at 4e (x,y,2 0, 0, 0.0678(36) 0, 0, 0.060820)
Occupancy 1 1
and the plane Q@) site, and the related layers may have Uid(nn?) 4.43) 2.92)
variable composition. The oxygen sites in the Gu@ane o) at 4d (x,y,2 031 0,31
are named as @) and 3), while that in the SrO plane is Occupancy 1 1
called 4). The oxygen sites in the CyQj layer are named  UisonM) 1.92) 152
O(1) (along theb axis) and Q5) (along thea axis). The  cya1) at 2a (xy,2 0,0,0 0,0,0
oxygen site in the (,CeJ0,—fluorite-type block is named Occupancy 0.4@) 0.173)
0(6). In tetragonal structures, with lattice parametarsb, ~ Ysonm) 2.22) 7.49)

the A1), O(5) and 02), O(3) become indistinguishable and
hence their occupancies remain the same. Also, the oxygen
varies only in CuQ. s chains of 1212 or 1222 structures, cell is not required. However, an important difference be-
hence except for 1)/O(5) other oxygen sites are kept as tween Fe-1222 and Co-1222 follows from the arrangement
fully occupied. The overall oxygen content for Fe-1222 andof oxygen around the chain site M cation. For example the
Co-1222 determined from various oxygen occupancies isQ(1) site x coordinate for Co-1222 and Fe-1222 are, respec-
respectively, 9.28) and 9.082) (Table . tively, 0.2744) A and 0.0905) A. The shift in the position of

It is interesting to point out that in contrast to the struc-O(1) for presently studied Co-1222 has also been revealed
ture of Cu-based 1212 compoufispace groufP4/mmn),  for Co-1212 In fact the Fe-1222 has the usual Cu-1222 like
the structure of Co-based 1212 compound changes to theguare-planar geometry of MO sheet, whereas the latter
Ima2 space group.In the Co-based 1212 structure, the Coshows tetrahedrons of MO This result can be further un-
sites in the alternate charge reservoir layers are found shiftederstood, as shown below, by the relative occupancies of Fe
with respect to each other, leading to a doubling of the uniand Co at C(l) and Cy2) sites.
cell, which is responsible for the change in its space grsup. The refinement of NPD data for Fe-12¢mable |) shows
However, as shown by the NPD ddtee Fig. 1, the space that nearly half(~60%) of Fe occupies the expected @Qu
group Il4/mmm found for both Fe-1222 and Co0-1222 sys- site in chains, and the remaining goes to théaLsite in the
tems, is the same as that for the Cu-1222 system. For Fe/C&uO, planes. Existence of Fe at two different lattice sites, in
1222, unlike Co-1212, with an inserted flourite-type block,the presently studied Fe-1222 sample, is also confirmed by
the unit cell is body centered and further doubling of the unit®’Fe Mdssbauer spectroscopy, which revealed three distinct
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FIG. 2. Fitting of the>’Fe Massbauer spectrum recorded at room tempera—dUCtiVity in Fe'1212 althoth the same is not clear in the
ture for the Fe-1222 sample. The components used into fitting are displaye@ase of Co-1212. Thus, neither of the Fe-1222 and Co-1222
above the data. Reading from topmost they aré'Fet Cul), F¢'" at  compounds were expected to show superconductivity. Figure
Cu(1), and Fé" at Cu2). 3 shows the dc susceptibility versus temperatyrd) be-
havior for the Fe-1222 sample in an applied field of 500 Oe.

. . . Acusp in the susceptibility appears in the zero-field-cooled
componentgFig. 2). These clearly arise from Fe occupying (ZFC) curve atT~25 K, where the field-cooletFC) curve

various lattice sites, or the same lattice sites with differentalso shows a break and a large decrease in slope. Further, in

oxygen coordination. Considering that the neutron diffrac-the same figure, a clear branching of ZFC and FC curves at
tion data indicate that a substantial amount of Fe is found o e same temperature is also observed. At this stage, it is

both Ct(.l) and Cu2) sites, itis necessary to assume that _thelnteresting to note the behavior of isothermal magnetization
two major Fe components originate from different Iattlce(M) versus field H) measured at different temperatures, e.g.,
sites. The most intense componéwhich covers 51% of the  +_5 50 and 100 K. shown in the inset of Fig. 3. At 100 K
tota+l area has an ISomer shift of 0.26 mm/s and is Clearly'[heM—H curve is nearly linear and the sample is in a nearly
Fe**. The next(covering 40% of the total arg¢has a nega- pure paramagnetic state. However, Tat50 K, the M—H

tive isomer shift of~0.05 mm/s, and is readily assigned 10 ¢, o5 show a strong nonlinearity along with the appearance
Fe'". The averagéformulg) valence of Fe ist-3.5 (assum- hysteresis ifM—H data at 5 K. In the case of Co-1222,

ing z to be 9, vyhi[e Ceis assumed to be.in & Qtate), Le., " the overall behavior is not very different from that observed
charge neutrality is almost fulfilled with this assignment. Thein the case of Fe-1222. The break in the slope ofNi(T)
formation of Fé* is not considered here due to the oxidativeOCCurS at around 80 K 'however the slope increases at lower
synthesis conditions. Besides, the isomer shift of ‘Fés temperatures. The cusp in ZRE(T) and the branching oc-
always very Iarge. The Weakest component covered 9% 0éur at around 40 K. Thus a magnetic scenario similar to that
the total intensity. It had an isomer shift of 0.13 mm/s, I.8.0f Fe-1222 seems to be present. The compouFes1222
quite compatible W_ith R Assli__‘gbfing the two F&" compo- and Co-1222 contain a mixture of Fe and Co in different
nents to the C(@) site and the component to the Q) valence states and, therefore, of Fe and Co ions with differ-

site would yield the best agreement with the neutron resultsem magnetic moments. In this case, any antiferromagnetic
However, this is not the conclusion we arrived at. In fact.

&+ and th K B believed interaction may lead to a ferrimagnetic behavior because of
F ana t € wea component are be ieve _to occupy noncompensating moments. The differences in the character-
the Cul) site, where the larger oxygen variations of the

hai | i ._istic temperatures observed for the Fe-1222 and Co-1222
CuQ; . ; chains supposedly more easily incorporate Fe W'thsystems may be due to the different amount of intermixing of

various coordinations and high valencéeéghis would lead to Fe/Co at C4) and Cui) sites. Finally, we would like to
a 50% versus 50% ratio of Fe at @k and Cu2) sites, remark that the underlying magnetic ordering in Fe/Co-1222

respectively. In contrast, in the case of Co-1222, the NPQg 1 o4 straightforward. For a clearer picture, neutron dif-

refinement(Table ) shows nearly 84% of Co at its desig- 5 ion studies on these compounds in the magnetically or-
nated Cyl) site and the rest at the @) plane sites. When dered state are desirable

compared with M-1212 type compounds, an identical situa-
tion is seen for Fe-1212 and Co-124%vhere Fe is inter-  !N. Sakaiet al, Physica C212, 75 (1993.

mixed at both C(1) and C2) site€ and Co resides with full ~ *V. P. S. Awanzet al, Physica B321-313 62 (2002.
occupancy at the (I[]J) Sit63 3V. P. S. Awanaet al, Physica C378-381, 155(2002.

. . ) . 4T. Nagaiet al, J. Solid State Cheni.76, 213 (2003.
It may be interesting to remark that avoidance of inter-s; | ingm et al, J. Solid State Cheni39 168(1998.

mixing of Fe at C¢l) and Cy2) sites results in supercon- °T. Mochiku et al, Physica C400, 43 (2003.
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