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Abstract

Single-crystal X-ray structure analysis of mutually incommensuratg {Ga)o.s0CuQ,, “Ca,Y ,CusO,0” has been performed by the
composite approach which leads to average substructures and their relative arrangement. The composne crystal stru@tﬂ@@)@%ﬁCaQ
has the Cu®@ substructure and the gaY s substructure. The CuGsubstructure withi; =10. 598(2)A b=6. 189(2)A 1 =2. 825(2)A
B1=90.19(4), V.= 185.4(1)A3, Z =4 and space grouf2/m has the plane of edge-shared one-dimensionab@h@ins along the-axis. The
CaysY o5 substructure with, = 10.629(2)A, b=6.189(2)A, ¢, =3.517(1)A, B, =94.36(3), V»=230.7(1)A%, Z=4 and space group2/m
forms the sheet of (Ca, Y) atoms in the-plane. By considering (3 + 1)-dimensional superspace group symmetry, it is concluded that the
incommensurate composite crystal structure 0§#33a.5)0.50CUO, should be described by the combinatiorF@fm for the CuQ substructure
andF2/c for the CasY o5 substructure. The composite approach has made clear that the plane @i and the sheet of (Ca, Y) atoms
stack alternately to form a mutually incommensurate composite crystal with layered substructures.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction rence of superconductivity in low-dimensional electron sys-
tems. It is known that some compounds of them form com-
Recently, many cuprates with quasi-one-dimensional posite crystals with mutually incommensurate substructures.
CuQ, chain have attracted much attention because low- Inthe (Sp_,(Ca, La, Y)Cuw0O3)0.74sCuO,, “Sr14,(Ca, La,
dimensional Heisenberg antiferromagnets with §tvel/2 Y)xCu4041” series, the Cu@chain in the Cu@ substruc-
spins enhance quantum fluctuations in the spin liquid stateture shows unique structural modulations and acts as hole
[1-4]. This phenomenon seems to be related to the occur-reservoir of the two-legged GQ@3 ladder in the Sr_,(Ca,
La, Y),CwOs substructuregl5]. By the use of polycrys-

* Corresponding author. Tel.: +81 29 861 4555; fax: +81 298 614555,  talline sample[6], on the other hand, it has been prelimi-
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0925-8388/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jallcom.2004.12.114



Y. Gotoh et al. / Journal of Alloys and Compounds 408—412 (2006) 1226-1229 1227

also form composite crystal structures with the GugDb- Table 1
structure and the Ga«Yo.5_x one and that it is expressed Experimental summary for (G8Yo.5)o.s0CUO,, “Ca2Y2CusO10"
as (Ca.54Y0.5-1)0.85CUO,. Substructure Cup CansYos

In many compounds Containing Cu@hains, (Sj,x(Ca, Crxstal system Monoclinic Monoclinic
La, ¥),Ct0g)o.7%CuC, and (CasnYos-JossCulzare 4 b10900, Y
espeC|aIIy_ interesting pecause the amoun'F of hole_s in theC(A) 2.825(2) 3.517(1)
CuG; chain can be easily controlled by doping the trivalent g () 90.19(4) 94.36(3)

atoms. According to the amount of holes in the GuBain, z 4 4

they show a variety of magnetic features with very compli- Diffractometer Rigaku AFC-5
cated spin arrangements. To understand their magnetic propRadiation &) Mo Ka 0.71073
. . . . . 6 range: min, max%) 15,45.0
erties, |t_|s profitable to clarlfy the mutually m_commensurate Scan mode oo
composite structure by using single-crystalline sample. Data set B 0-21 B 0-21
In the present study, single-crystal X-ray structure anal- k:0-12 k 0-12
ysis of mutually incommensurate (£&Y0.5)0.8:sCuUQy, I —6-6 L=7-7
“CapY»CusO1¢” has been performed by the composite ap- Unidue reflections 414 512
proach which leads to average substructures and their relative
arrangemenig].
. ®e0 0 .
SR R
2. Experimental SRS 2 5 B A R
_ _ TT::II....!S::}};ZI
Single composite crystals of (g8Yo.5)0.8:5CUOy, . e @ e o @ o B=0
“CapY2CusO19” were grown by the traveling solvent 1.2, ¢+ s 388808 3
.« s s [

floating zone (TSFZ) method9,10]. A single com-
posite crystal of (C@sYo.5)0.84CuQ, with dimensions
about 0.2 mnx 0.2 mmx 0.05mm was used for the struc-
ture analysis. The composite diffraction patterns of
(Ca5Y0.5)0.8+CuQ, were identified by X-ray precession
method with Mo kx radiation ¢ :0.71073&). In the pro-

.

i

cedure of the camera technique, imaging plate (BAS UR Fig. 1. The schematic drawing of the composite diffraction pattern of

5in.x 5in. type, Fuji Photo Film Co. Ltd.) was used to de-

(Ca.5Y0.5)0.80CUD,, “CapY2CusO1¢” with 0 k/m and 1klm-type X-ray

tect the weak satellite reflections of composite structure of reflections.

(Ca5Y0.5)0.8+CuG. We have taken the-axis as the mu-

. . . . . — T H
tually incommensurate direction in accord with the structure f (C&.5Y0.5)0.80CUOz andc2* = (a*, b*, c)o(«0y) . This

determination of (SICu03)0.70CUO,, “Sr14CU24041" inthe
(Sr_,Ca.Cup03)0.74sCuO, serieq5]. The X-ray diffraction

shows that the mutually incommensurate composite struc-
ture of (C&.5Y0.5)0.80CUO, obeys the symmetry of (3+1)-

data of both substructures were collected together with com-dimensional superspace groypl,12} As illustrated in
mon reflections at room temperature using Rigaku AFC5 Fig. 2 the composite crystal structure of (€ 0.5)0.80CUO,

diffractometer (Mo kx radiation). The lattice parameters
and data collection process are summarize@aible 1 The

§ in the formula of (Ca5Y0.5)0.84sCUQO; was calculated as
(c1/c2) — 0.8=0.003. All the calculations for the structure re-
finement of (Ca.5Y 0.5)0.80CUC, were carried out using the
FMLSM system[11]. The mutually incommensurate com-
posite structure of (GaY.5)0.80CUC, was drawn by the
use of PRIMS in the REMOS systdr?].

3. Results and discussion

By means of X-ray diffraction method, we have observed
the composite diffraction pattern of (&Y 0.5)0.80CuUQ,,
“CapY 2Cus01¢” with the first CuQ substructure and the sec-
ond Ca5Y o5 substructureKig. 1). In the present study, it
was proved that a minimal reciprocal s&t,(b*, c7, c3) forms

is commensurate along the direction normal to thexis
because the orthogonal projectiosls of a1 anda, of a»
are equivalent together. The mutual incommensurability be-
tween the average substructures are expressedodsy),

Fig. 2. The mutually incommensurate in-plane relation between the, CuO

the monoclinic quasi-lattice of the composite crystal structure substructure and the ggY o5 substructure in (GasY 0.5)0.80CUO;.



1228 Y. Gotoh et al. / Journal of Alloys and Compounds 408—412 (2006) 1226—1229

where « =[sin(82 — 90) — sin(81 — 90)](a2/c2) =0.219 and Table 3 .
y=c1/c2=0.803. Atomic parameters and isotropic temperature factdfy 6f the composite
The average substructure of the Gu@efined by the PS8! structure of (GYos)osoCu0s, "CaY2Cus010” projected along
.. 9 : y . the mutually incommensurate- andc;-axes
monoclinic space group2/m, has been determined with

the edge-shared one-dimensional GaBains running along Oceupancy  x Y ¢ Biso.
the c-axis. Because the reflections witke O are common g“ i-g 8226(4) %-% - 335%91))
to both substructures, we have excluded these reflectlonsCa 0.52(3) 0.25 025 B 0.609)

to refine each substructure. The final refinement convergedy 0.48 0.25 0.25 _ 0.3(4)
Wlth_R_Value of ,0'057 andy,-value of 0.067 using 361 re- The estimated standard deviations are given in parentheses. The occupancy
flections excluding: kO type. The Cu@ substructure is €s- ¢y atom, Oce.(Y), is constrained as Occ.(Y) =Dcc.(Ca).
sentially isostructural with that of GasCuQ,, which was
preliminarily investigated using the polycrystalline sample
[13,14]

The average substructure of thegG# o 5, defined by the
monoclinic space grouf2/m, has been determined with the

sheetof (Ca, Y) atoms in the-plane. Because no superstruc- = =

ture reflections that suggest the ordering of Ca or Y atoms e ® e °

have been observed, we have employed the structure model [ :%F—"‘c%;‘{%'d@ o ot

with Ca and Y statistically distributed in the sheet of (Ca, Y) y%ﬁ%%
atoms. The final refinement converged witlvalue of 0.113 ol * Py = P ® CaY
andRy-value of 0.152 using 450 reflections excluding0 ?:W 0
type. The rather high values gfandR,, suggest that Ca and : —e—{ e —e Cu
Y atoms form the positionally modulated structure that will — e,

be discussed in our future studies. All of the atomic parame- —>

ters of each substructure of (8 o.5)0.80CUO; are listed in ;

Table 2 Fig. 3. The perspective view of the mutually incommensurate composite

The commork k O reflections are essential to show clearly crystal structure of (GgsY 0.5)0.80CUO,.

that (Ca.5Y0.5)0.80CUQ,, “CapY2CusO10” is a compos-

ite crystal with the Cu@ substructure and the g@&aYos In the present structure analysis, it is confirmed that

substructure. By considering (3 + 1)-dimensional superspacethe amount of doped Y atom is equivalent to that of Ca

group symmetry, the reflection condition far0/ of the atom in our sample. From the chemical composition of

Cay5Y 05 substructure as=2n indicates that the origin of  (Ca&5Y0.5)0.80CUQ,, therefore, it is expected that the aver-

the Ca Y o5 should be shifted by (1/4 1/40). This means age valence of Cu atom is +2.0 in the Gu€hain. With

that the space group of the £ o5 should be converted the results iffable 2 in fact, the calculated Cu—-O distances

into F2/c. The refinement of the commensurate section and bond—vaolence sufa5] of Cu atom in the Cu@chain

smoothly converged to aRrvalue of 0.082 and aRy-value are 1.931(5)A and 2.02, respectively. The agreement be-

of 0.092 with 47 common reflections. The corresponding tween the formal valence and the bond—valence sum indicates

atomic parameters are listed Trable 3 By the composite  that Y-doping certainly control the valence of Cu atom in

approach in the present study, we have successfully demonthe (Cas5+Y0.5-x)0.86CUQy, “Cap+,Y2_,CusO19” Series.

strated that (G@sY 0.5)0.80CUO, “CazY2CusO1p” forms a Since holes are not doped in the average substructure of the

composite crystal with two interpenetrating substructures. CuG; chain in (CasY 0.5)0.80CuUQ,, accordingly, magnetic

The mutually incommensurate composite crystal structure interaction between nearest-neighbofCions are possible

of (Ca.5Y0.5)0.80CUQ; is drawn inFig. 3. in the CuQ chain. Mizuno et al. theoretically predicted that
the exchange interaction between the nearest-neightfér Cu
ions in the edge-shared CgChain turns out to be ferromag-

;?b'e_z t 4 eatvalent ¢ wre facdd) (of th netic if Cu—O—Cu angle is below 9916]. In the average

omIC parameters and equivalent temperature fac (o) e P O .

CuO, substructure and the gaY o 5 substructure of (GaY 0.5)0.80CUO,, CuQ;, chain .|n (C@'5Y0'5)0'80CUO2’ th,e Cu-0-Cu angle IS,

“CapY2ClsO10" 94.1(2y. Evidently, our results obtalne_d by the_composne

approach well explain the ferromagnetic feature in the £uO

Occupancy Y : Beq chain in (Ca sY 0.5)0 80CUOy, “CagY 2CUsO10” [7]

Cu 1.0 0.0 0.0 0.0 0.68(2) 570508 r Rz 1010

o} 1.0 0.6242(5) 0.0 0.001(2) 4.9(3)

Ca 0.48(2) 0.0 0.0 0.0 0.78(2)

Y 0.52 0.0 0.0 0.0 1.0(1) 4. Conclusions

The estimated standard deviations are given in parentheses. In each substruc- )

ture analysis, all of the atomic parameters are refined by monodiiiie In the present study, single-crystal X-ray structure

symmetry. analysis of mutually incommensurate (¥ 0.5)0.80CUQy,
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