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We describe the synthesis of two new quadruple perovskites, Sr,La,CuTizO1; (I) and CayLa,CuTizO12 (Il), by solid-
state metathesis reaction between K,La,Ti;O19 and A,CuO,Cl, (A = Sr, Ca). | is formed at 920 °C/12 h, and II,
at 750 °C/24 h. Both the oxides crystallize in a tetragonal (P4/mmm) quadruple perovskite structure (a = 3.9098-
(2) and ¢ = 15.794(1) A for I; a = 3.8729(5) and ¢ = 15.689(2) A for Il). We have determined the structures of
I and Il by Rietveld refinement of powder XRD data. The structure consists of perovskite-like octahedral CuO4/202,,
sheets alternating with triple octahedral Ti;O1g/, Sheets along the c-direction. The refinement shows La/A disorder
but no Cu/Ti disorder in the structure. The new cuprates show low magnetization (0.0065 ug for | and 0.0033 ug
for 1) suggesting that the Cu(ll) spins are in an antiferromagnetically ordered state. Both | and Il transform at high
temperatures to 3D perovskites where La/Sr and Cu/Ti are disordered, suggesting that | and Il are metastable
phases having been formed in the low-temperature metathesis reaction. Interestingly, the reaction between Kj-
La,Tiz01 and Ca,CuO,Cl, follows a different route at 650 °C, K,La,TisO19 + Ca,CuO,Cl, — Cala,Tiz010 + CaCuO;
+ 2KCl, revealing multiple reaction pathways for metathesis reactions.

Introduction leaching, which selectively removes the interlayep@i
sheets. Similarly, Schaak and Malldukave transformed
layered KEWTizO10 (R—P phase) to the three-dimensional

. . 2 =
Jacobson (BJ) series to new layered perovskites by .(3D) perovskite, AEL,TiaO, by 2| KA + (A. = Ca, Sn)
metathesis reactions. For example, the reaction gbfajk ion exchange, followedl by EUEU reductlon n hydrogen_.
TisO10 (N = 3, R—P phase) with BIOCl yields the Aurivillius These developments in the design of perovskite oxides

(A) phasé (Bi,0,)LasTisO1, while the reaction of NaLaTiQ through new soft chemical reactions have been reviewed by
(n=1, R—P phase) with BiOCl yields (BiO)LaTig&a novel Schaalf ar.1d Mallouk. ) )

R—P/A hybrid phasé. Other transformations of layered Continuing our efforts to synthesize new perovskite related
perovskite oxides have also been reported in the literature.0Xides through metathesis, we focused on oxides-containing
Sugimoto et af. have transformed the A phase,,8j- CuG; sheets, in view of the importance of such oxides toward
(SrNaNBOy), to the R-P phase, bBrNaNBOy,, by acid-  superconductivity. S,CuO,Cl, and CaCuQCl, are two
well-known layered perovskite oxide chlorideppssessing

*To whom correspondence should be addressed. E-mail: gopal@ K NiF, = La,CuQ, related structures (Figure 1), where the
sscu.lisc.ernet.in.
TIndian Institute of Science.

We have described previousBtransformations of layered
perovskites of both RuddlesdeRopper (R-P) and Dion-
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Figure 1. Structure of ACuQ.Cl, (A = Sr, Ca).

chlorine atoms occupy the apical positions of GuCI,
octahedra. Considering the dimensional compatibility gf A
CuQ.Cl, (A = Sr, Ca) and the RP phases such aska,-
TisOy0 in the a—b plane, we believed that a metathesis
reaction of the type

K,La,Ti;0; + A,CuO,Cl, — A,La,CuTi;0, + 2KCI (1)

would occur in the solid state at relatively low temperatures,
yielding novel quadruple perovskite oxideslA,CuTizO;2

(A = Sr, Ca), where [ACug?" and [LaTisOw]? slabs
would stack alternately along thleeaxis. Our investigations
show that the metathesis (eq 1) indeed occurs at-220

°C yielding new quadruple perovskite oxides, as expected.

The details of synthesis and structural characterization
together with electrical and magnetic properties of the new
phases are described in this paper.

Experimental Section

Synthesis K;La,TizO10 Was prepared by reacting stoichiometric
quantities of KNQ, La,O3 (predried at 900C), and TiQ at 1000
°C in air for 48 h with one intermediate grinding. Excess KNO
(25 mol %) was added to compensate for the loss due to
volatilization. SsCuQ,Cl, was preparedby reacting stoichiometric
quantities of SrGl SrCGQ;, and CuO at 800C in N, for 18 h with
one intermediate grinding. @auQ,Cl, was obtained by mixing
stoichiometric quantities of CaO and Cy@H,0 in n-hexane; the
reactants were heated in air at 200 for 3 h, and then the
temperature was slowly (2C/min) raised to 750C and kept at
this temperature for 9 h.

Reaction between Ka,Tiz010 and SsCuO,Cl, in the solid state

Sivakumar et al.
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Figure 2. Powder XRD patterns of (a) Ka,TizO10, (b) SECuQ.Cly, and
(c) SrLayCuTizO12 (1).

Characterization. The products were characterized at various
stages of the reaction by powder XRD (Siemens D-5005 powder
diffractometer, Cu K radiation). Unit cell parameters of single-
phase materials were determined by least-squares refinement of the
powder XRD data using the PROSZKprogram. Structural

was investigated by heating a stoichiometric mixture of the reactantsyefinements of the powder XRD data were carried out by the

at various temperatures and duration in air. Examination of the
products by powder X-ray diffraction (XRD) revealed that the
reaction occurred according to eq 1 at 92D in air, yielding a
novel layered perovskite gra,CuTizO;, (1) and KCI as products.
The product was washed with distilled water to remove KCI and
dried at 110°C. Similarly, the reaction between,Ka,TizO10 and
CaCuO,Cl, was found to yield a new layered perovskite olCa-
CuTizO12 (I1') at 750°C. Bothl andIl were found to transform to
simple cubic perovskite/double perovskite structures at higher
temperatures (10661100°C).

1858 Inorganic Chemistry, Vol. 43, No. 6, 2004

Rietveld method using the XND prograhfor structure refinement,
the data were collected in thé 2ange 3-100° with a step size of
0.02 and a step time of 7 s. Single-phase products were also

(8) Losocha, W.; Lewinski, KJ. Appl. Crystallogr 1994 27, 437—438.

(9) Bear, J.-F.Program XND ESRF: Grenoble, France. More informa-
tion under: http://www.ccpl4.ac.uk.”Be, J.-F.Proceedings of the
IUCr satellite Meeting on Powder Diffractometryoulouse, France,
July 1990. Bear J.-F.; Garnier, Pll APD Conference NIST:
Gaithersburg, MD, May 1992. Bar J.-F.; Garnier, NIST Spec. Publ.
1992 846, 212.
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Figure 3. Observed (top), Rietveld refined (middle), and difference
(bottom) XRD profiles of SiLa,CuTizO12. Vertical lines on the top panel
above the figure indicate the expected Bragg reflections in the space group
P4/mmm

(a) (b)
characterized by scanning electron microscopy (SEM) and elementaIFigure 4. (a) Structure of Sta,CuTiOr (1). In (b) the oxygen
analyses by energy-dispersive X-ray spectroscopy (EDX) (JEOL- coordinations around Ti and Cu are shown.

JSM-5600 LV scanning electron microscope at a 20 kV accelerating
voltage fitted with an Oxford Instruments Be window detector).
Electron diffraction (ED) patterns were recorded using a JEOL JEM

Table 1. Final Atomic Coordinates, Occupancies, and Atomic
Displacement ParameterBi{,) for SrnLa,CuTizO1*

200-CX transmission electron microscope. Dc magnetization atom  Wyckoff posn X y z occ  Biso (A?)
measurements were performed with a Physical Property Measuring cu1 la 0 0 0 1 2.2(2)
System (PPMS) of Quantum Design Inc., San Diego, California Srl 2h 05 05 0.1248(6) 0.53  2.5(1)
U.s) fea_turirg a 9 T magnet. Magnetization was measured at ;";‘21 gﬂ 8'_2 8'_2 8'_%%12((2)) 8'_% 338))
constant field values as the temperature was varied between 5 and | g2 2h 05 05 0.3748(6) 0.53 2.5(1)
300 K. The field ranged from 0.5 to 5 T. At 5 K, the magnetization ~ Til 1b 0 0 05 1 0.79(7)
at various fields was plotted and extrapolated from high field to gf Zzge % %5 %25603(8) i 2'1?2()7)
zero. The intercept was taken as the net moment. Dc electrical o2 4i 0 05 0.247(3) 1 3:4(2)
resistivity measurements were carried out on sintered pellets by a 82 22gf; (()) 85 8.136(3) 11 3344((22))
Loolil;-r?rtcc))blestelzhnlque using a closed-cycle helium cryostat that goes o 29 0 0 0.375(5) 1 3.402)

aLattice parametera = 3.9098(2) and = 15.794(1) A. Space group:

Results and Discussion P4/mmm R, = 4.28%, Rup = 5.85%, Reragg = 4.86%, andR; = 4.56%.

We followed the solid-state reaction betweest &TizO19 Table 2. Selected Bond Lengths (A) for §@,CuTizO12
and SgCuO,Cl; by heating a stoichiometric mixture of the Cul-03 (x2) 2.15(5) Ti2-02 (x4) 1.97(5)
i ion in air. Cul-04 (x4) 1.96(1) Ti2-03 1.96(5)
reactants at various temperatures and duration in air. Ti-01 0oa) 1o6() T os 1816
Examination of the products by powder XRD showed that  1j1—05 (x2) 1.97(8)

the reaction occurred around 900 yielding a new phase.
The reaction was complete at 920 after 12 h. Reflections
due to starting materials were completely absent. New
reflections together with KCI reflections were seen in the
product, suggesting that the reaction betweehaKTiz010
and SsCuQ.Cl; followed the metathesis pathway (eq 1). The
XRD pattern of the product) (Figure 2), after washing with
distilled water and drying at 11TC in an air oven, could be
indexed on a tetragonal system wih= 3.905(1) anct =
15.78(3) A. SEM and EDX analysis showed that product
was a single phase with Sr:La:Cu:Ti ratio of 2:2:1:3 (within
+0.05) as expected for the formula5a,CuTizO1,. Also,
no chloride was detected in the EDX spectrum indicating
complete transformation of the starting materials.

We have determined the structure ofl2eCuTizOy (1)
by Rietveld refinement of powder XRD data. Observed,
calculated, and difference profiles foare shown in Figure
3. The atomic positions and bond lengths are listed in Tables(lo) Toda, K.: Watanabe, J.: Sato, Mater. Res. Bull1996 31 1427—
1 and 2, respectively. In Figure 4a, we show the structure of 1435,

I drawn from the coordinates given in Table 1. The oxygen
coordinations of Ti and Cu in the structure lofre shown
in Figure 4b.

The structure of consists of single (Cug0O,,) perovs-
kite-like sheets alternating with perovskite sheets of triple
(Ti3O1g/7) octahedra along thedirection, the cubooctahedral
sites being occupied by La/Sr. Refinement of occupancies
(Table 1) clearly shows that there is no mixing of Ti/Cu in
the structure, while there is a considerable La/Sr mixing;
indeed, the 47/53 distribution of La/Sr in the structure
suggests a near random distribution of La/Sr at the cubooc-
tahedral sites. But, the ordering/nonmixing of Cu/Ti in the
structure is particularly significant, revealing that distinct
CuQy0,; sheets occur in the structure. Bond lengths of Ti-
(1)Gs and Ti(2)Q octahedra (Table 2) are similar to those
of K,LapTiz010.1° Also the bond lengths of Cu@0,»

Inorganic Chemistry, Vol. 43, No. 6, 2004 1859
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(a) Structure of TIBgCaCusOg (drawn from coordinates given in ref 12), (b) unit cell of TE&CuOo, and (c) unit cell of SL.a,CuTizO2.

Figure 5.

octahedra are similar to thddef La,CuQw/Lay gsSrh.1:CUO
and ThBa,CuQ;s.1! The first-order JahnTeller distortion of
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Table 3. Final Atomic Coordinates, Occupancies, and Atomic
Displacement ParameterBi{,) for CaLa,CuTizO1,2

CuGQ; octahedra and the second-order Jahaller distortion

of terminal Ti(2)Q octahedra il are clearly retained from
the parents (S€uO,Cl, and KoLa,TizO10). Accordingly, the

metathetical reaction (eq 1) could be regarded as topochemi- ca2

cal, despite the mixing of La/Sr.

The structure of the quadruple perovskitel 8sCuTizO;»
(), is related to thosé'3of the superconducting TIB&a-
CwOg and ThsPhysSLCa&CuwsOq. The structure of TIBa
CaCusOg is shown in Figure 5a. The unit cell dimensions
of SrLa,CuTisO1; (Figure 5¢) are closely similar to the unit
cell dimensions of TIB&LaCuwOy (Figure 5b). The crystal-
lographic relationship between £8,CuTizO;, and TIBa-
CaCuwOy is as follows:

Sl’zLazcuTisolz TlBazciiQCLbOg
space group P4/mmm space group P4/mmm
lattice params (A) a=3.9098(2), lattice params (A)a = 3.853(1),
c=15.794(1) c=15.913(4)
atomic posn atomic posn
la Cu la
2h Srl/Lal 2h Ba
2h La2/Sr2 2h Ca
1b Til 1b Cul
29 Ti2 29 Cu2
2e o1 2e o1
4i 02 4i 02
29 03 29 03
2f 04 (00.50) 1c 04 (0.50.50)
29 05(000.375)

We see clearly that the Cu atoms in TBa&CuQ, are
replaced by Ti in Sta,CuTizO1; instead of rock salt like
TIO layers in TIBaCaCusOg, we have Cu@sheets in Sk
La,CuTi;O;, with additional oxygen (O5) at the 29 site. Also,
the face-centered oxygen (O4) at the 1c site in 1B
CuwOy is shifted to edge center (2f site) inBa,CuTizO;2.

(11) (a) Longo J. M.; Raccah, P. M. Solid State Chenl973 6, 526—
531. (b) Yvon K.; Francois, MZ. Phys. B: Condens. Mattei989
76, 413-444.

(12) Subramanian, M. A.; Parise, J. B.; Calabrese, J. C.; Torardi, C. C.;
Gopalakrishnan, J.; Sleight, A. W. Solid State Cheml988 77, 192—
195.

(13) Subramanian, M. A.; Torardi, C. C.; Gopalakrishnan, J.; Gai, P. L,;
Calabrese, J. C.; Askew, T. R.; Flippen, R. B.; Sleight, A.Stfience
1988 242 249-252.
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atom  Wyckoff posn X y z occ  Biso(A2)
Cu la 0 0 0 1 2.6(7)
Cal 2h 05 05 0.1269(8) 0.52 3.3(1)
Lal 2h 05 05 0.1269(8) 0.48 3.3(1)
2h 05 05 0.3718(9) 0.48 3.3(1)
La2 2h 05 05 0.3718(9) 0.52 3.3(1)
Til 1b 0 0 0.5 1 1.3(3)
Ti2 29 0 0 0.255(2) 1 1.3(3)
o1 2e 0 05 05 1 5.7(2)
02 4i 0 0.5 0.248(4) 1 5.7(2)
03 29 0 0 0.130(4) 1 5.7(2)
04 2f 0 05 0 1 5.7(2)
05 29 0 0 0.381(4) 1 5.7(2)

aLattice parametera = 3.8729(5) andt = 15.689(2) A. Space group:
P4immm R, = 5.35%, Ryp = 6.92%, Reragg = 8.70%, andRy = 7.96%.

BaLa,Cu,SrpO1; and the related titanium analogdreare
also regarded as quadruple perovskites, but here the double
SnOs octahedral sheets alternate with double square-
pyramidal CyOs sheets.

Electron diffraction (ED) patterns of (Figure 6) are
consistent with the structure (Figure 4) obtained from the
XRD data. While the~3.9 x 3.9 A (@, x a,) cell in the
a—b plane is clearly seen in the ED pattern (Figure 6a), the
qguadruplec parameter is not very clear (Figure 6b). Instead
we see a streaking in tleé direction which most likely arises
from poor crytallinity and lower temperature synthesis.

Having succeeded in the synthesis of novel quadruple
perovskitel, we have extended our metathesis route to
synthesize G4 a,CuTizOy, (II'). The powder XRD pattern
(Figure 7) of the washed product obtained from the reaction
between KLa,TizO10 and CaCuO,Cl; at 750°C for 24 h in
air with one intermediate grinding reveals the formation of
II. The powder XRD pattern ol could be indexed on a
tetragonal cell with the lattice parameters= 3.870(1) and
c = 15.645(4) A, which are similar to the lattice parameters
of | (a=3.9098(2) ana = 15.794(1) A). We have refined
the structure ofl from powder XRD data (Figure 8; Table
3) using the structure dfas the model. The satisfactory re-
finement suggests thét is most likely isostructural with.

(14) (a) Anderson, M. T.; Poeppelmeier, K. R.; Zhang, J.-P.; Fan, H.-J,;
Marks, L. D.Chem. Mater1992 4, 1305-1313. (b) Gonez-Romero,
P.; Palacin, M. R.; Rodguez-Carvajal, JChem. Mater.1994 6,
2118-2122.
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Figure 6. Electron diffraction patterns df recorded (a) along the (001)
beam direction and (b) along the (100) beam direction. The bright field
image of the particle is shown in (c).

Interestingly, the reaction of a,TizO,0 with CaCuO,-
Cl, at 650°C follows a different pathway yielding a new
layered perovskite titanate:

(a)

Relative intensity

(c)

40 50 60

Two theta (degree), Cu Ka

Figure 7. Powder XRD patterns of (a) @auQ,Cly, (b) CalLa,CuTizO12
(I1), and (c) CaLarizO10 + CaCuQ. Reflections due to CaCuy@re marked
by asterisks in (c).
K,La,Ti;O;q+ Ca,CuQ,.Cl, —

CalaTi,0,,+ CaCuQ + 2KCl (2)

70

Powder XRD pattern of the product (Figure 7c) after washing
to remove KCI shows clearly the presence of two phases
CalLaTisOi0and CaCu@ The XRD pattern of CalAi3010
is similar to the pattern of Col@izO1¢'° and is indexable
on a tetragonal system (Table 4) wih= 7.680(3) andt =
13. 95(1) A. The ED patterns (Figure 9) are also consistent
with tetragonal layered structure for Call&0O:o.

Both | and Il transform at higher temperatures to 3D
perovskites! on heating at 1100C for 24 h transforms to
a cation disordered simple cubic perovskite] 35CuTizO;»
(la) (Figure 10) with lattice parameter= 3.915(1) A. ED
pattern (Figure 11a) showiray ~ 3.9 A is also consistent

(15) Hyeon, K.-A.; Byeon, S.-HChem. Mater1999 11, 1, 352-357.

Inorganic Chemistry, Vol. 43, No. 6, 2004 1861



Sivakumar et al.

(T TITMTITITTITIIrT i
0 (@)
a 15000 \ R ‘ \
c
z
7
c
2
5000 ) P J
. " - JM
> v ()
>
0 20 40 60 80 100 “('6
20 Cu Ko () ° (b)
Figure 8. Observed (top), Rietveld refined (middle), and difference 1
(bottom) XRD profiles of CaLa,CuTizO12. Vertical lines on the top panel
above the figure indicate the expected Bragg reflections in the space group
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Figure 10. Powder XRD patterns of (a) gra,CuTizO; (1a) and (b) Ca
La,CuTizO12 (Ila) obtained by heatingandlIl at high temperature (1000
1100°C).

Table 4. Powder XRD Data for CalAi3010

h k I obsd (A) Qealed (A) lobsd

0 1 14.12 13.95 66
0 0 2 7.02 6.97 14
2 0 0 3.81 3.84 13
1 1 3 3.543 3.532 12
1 0 4 3.167 3.175 26
2 1 3 2.763 2.763 100
2 2 0 2.716 2.715 63
2 2 1 2.670 2.665 15
2 2 2 2.530 2.530 6
2 2 3 2.341 2.345 11
2 2 4 2.143 2.142 10
3 1 4 1.993 1.993 11
4 0 0 1.921 1.920 33
2 2 6 1.766 1.766 6
4 1 4 1.642 1.643 7
2 2 7 1.606 1.606 11
4 0 5 1.580 1.581 25
5 1 4 1.383 1.383 11
4 4 0 1.358 1.358 8

ag = 7.680(3) anct = 13. 95(1) A.

a striking similarity to that of L&CuMnQ;!® and is indexable

on a cubic double perovskite cell (Table 5). SEM It

shows a single phase, and the EDX spectrum corresponds

Figure 9. ED patterns for (a) CalAizO;0 recorded with the beam to Ca:La:Cu:Ti ratio as 2:2:1:3. The Corresponding ED

direction along (001) showing theag x 2a, cell and (b)ACaLQTia_Qlo pattern oflla (Figure 11b) is also consistent with a perovskite

irr?‘iﬁ;dgc_‘ d‘i’rggﬂtgs. beam direction along (010) showirlts A periodicity o)l havinga, ~ 7.8 A. The high-temperature phatia is
however not an ordered double perovsKité A,BB’'Og type.

The occurrence of mixelkl reflections, 300, 210, 320, 410,

with the powder XRD data. Interestingly, the powder XRD

pattern (Figure 10) of the produdtd) obtained on heating (16) Anderson, M. T.; Greenwood, K. B.; Taylor, G. A.; Poeppelmeier,
Il at 1000°C for 48 h with an intermediate grinding shows K. R. Prog. Solid State Cheni993 22, 197-233.
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Table 5. Powder XRD Data for Ca&a,CuTizO12 (I1a)

h k | Chpsa(A) eated® (A) lobs

2 0 3.892 3.890 7
2 1 0 3.476 3.479 3
2 2 0 2.750 2.750 100
3 0 0 2.598 2.593 1
3 1 1 2.346 2.346 2
2 2 2 2.246 2.246 11
3 2 0 2.157 2.158 1
4 0 0 1.945 1.945 26
4 1 0 1.887 1.887 3
4 2 0 1.740 1.740 2
4 2 1 1.698 1.698 1
4 2 2 1.588 1.588 23
4 4 0 1.375 1.375 7
6 2 0 1.230 1.230 6
6 3 0 1.160 1.160 1
4 4 4 1.123 1.123 2
6 4 0 1.079 1.079 1
6 4 2 1.040 1.040 7

ag=7.780(1) A.

2

e
g, o

(b)

Figure 11. ED patterns for (a) SkaCuTizO12 (l1a) showinga = a, (ap
~ 3.9 A) and (b) CalLa,CuTizO1, (lla) showinga ~ 2a, (a, ~ 3.9 A).

421, and 630 (Table 5), rules out this possibility. We believe
that the structures of the high-temperature form ofl@a
CuTizO42 (lla) and LaCuMnG; are quite related but not the

(17) Mitchell, R. H. Peravskites: Modern and AncientAlmaz Press:
Thunder Bay, Canada, 2002; pp-782.
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Figure 12. Magnetization vs temperature plots for (apl%CuTizO12
(1) and (b) CalLa,CuTizO12 (Il ).

Table 6. Summary of the New Perovskite-Related Oxides Synthesized
by Metathesis Reactions betweepllg;TizO;0 and ACuOCl;
(A = Sr, Ca)

compd
SrLa,CuTisO12 (1)

structure lattice params (A)

quadruple perovskite tetragonad:= 3.9098(2);

c=15.794(1)
Cala,CuTizgO12 (Il)  quadruple perovskite tetragona:= 3.8729(5);

c=15.689(2)
SrLa,CuTizO12(la) 3D perovskite cubica = 3.915(1)
Cala,CuTizO12 (Ila) 3D perovskite cubica=7.780(1)
CalL&TizO10 layered perovskite tetragonad = 7.680(3);

c=13.95(1)

same as a regular double perovskite vith3m symmetry,
albeit the unit cells being cubic with~ 7.78 A. The lattice
parameters of the new quadruple and 3D perovskites
synthesized are summarized in Table 6.

Figure 12 shows the magnetizationlodndll measured
at an applied field of 500 Oe. The magnetization is small,
and there is a reproducible jump between 200 and 250 K,
which could be due to onset of magnetic ordering. Magne-
tization recorded at higher fields is similar aside from a small
increase, apparently due to a small amount of Curie impuri-
ties or defects, which can also be seen from the “Curie tail”
below ~10 K (Figure 12). The net moments are 0.0065
for I and 0.0033:s for Il , which were determined by plotting
the moment versus field at low temperatures and extrapolat-
ing to zero field. The ordering temperatures are similar to
those of LaCuQ,*® and the other KNiF4-like cuprates such
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as SsCuO.Cl*® containing strong antiferromagnetically between the 2D-layered perovskites;LE;TizO10 and Ap-
coupled Cu@sheets. The jump in the magnetization around CuQ,Cl, (A = Sr, Ca). We have determined the crystal
250 K could arise from a “canting” of spins due to structures of the quadruple perovskitesl 85CuTizO;, and
Dzyaloshinsky-Moriya type interactior?® This interaction Cala,CuTizOy,, by Rietveld refinement of the powder XRD
is present in orthorhombic L&uQO, but not in tetragonal  data. To our knowledge, Aa,CuTisO;, described here are
SrLCuOLCLL.2° 1 andll are assigned tetragonal structures on the first examples of true quadruple perovskites without
the basis of powder XRD data, but a small distortion to ortho- oxygen vacancy and with a distinct ordering of Cu and Ti
rhombic symmetry could occur at low temperatures. Further atoms in the octahedral sites. Considering that the new
structural investigations are needed to clarify these aspectsquadruple perovskites contain Cu€heets similar to those
Dc electrical resistivity measurements show that bloth  found in superconducting cuprates, we believe the quadruple
andll are semiconductors (at 300 K~ 10*—=10F Q cm) perovskites described here deserve further attention for
with activation energies of 0.29 and 0.18 eV, respectively. possible realization of superconductivity.
The high resistivity could in part be due to poor sinterability
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