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ABSTRACT

Sr,¢Ca,,CuO, single crystal has been synthesized by flux method and characterized by
the single crystal X —ray diffraction. The compound has the orthorhombic system and the
space group is Cmem(63), lattice parameters are a=3.4634.&, b=16,. 1417&, c=3.8727A .

In the (Sr,_,Ca,)CuO, compound the limit of Ca from substitution for Sr was deter-
mined by the change of bond length. For this, X—ray diffraction, scanning electron mi-
croscopy (SEM), energy dispersive X—ray fluorescence (EDAX) and electron probe
micro—analysis (EPMA) were used. From the change of Cu—O bond length as the Ca
substitution, we concluded the limit of Ca incorporation Xca=0.73.
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Fig. 1. The crystal structure of SrCu0O, with

Cu0, /Sr0; polyhedra,
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Table 1. Compositions of electronmicroprobe

standards

standard compound oxide concentration(wt%)
SrO Ca0 CuO

Ca0 - - 99.67
CaSrS1,0;5-glass 34.54 20.25 -

z%g__ o]

(SryCay ) Cu0, 2L 2k A4 mAwE
#a

3 43t Laue, Weissenberg 1

Table 3. Summary of crystallographic infor-

mation for(SryCag 4)CuO,

Crystal data

(Srg5Cayg ) CuO,

M,=656.58

Orthorhombic Ag Ko radiation
Cmem p=149.8cm !
a:3.4634AO T=298K

b=16.1417A platy rod

c=3.8727Ag 0.011 % 0.033 X 0.066mm?
V=203.09A °

Z=4

Dx=5.036Mg /m?

Data collection

CAD—4 diffractometer R,,,=0.0366

/26 scans 0,0 =30°

Absorption correction: hA=—6~6

analytical k=—28~28
[=—6~6

2537 measured reflections
2537 independent reflections
observed reflections

1>20(1)

standard reflections
frequency=60 min
intensity decay”

Refinement

R=2.10
wR=4.82
S5=1.025
387 reflections
19 parameters atomic scattering factors
w=1/{c*(F&)+(0.0241F%)%

cfrom International Tables for X-ray
4prax=1.05A ;3 Crystallography(1974, Vol IV)
Apmm:—l.lllA -3

Table 2. The apparatus using the X-ray single crystal work and the condition,

Laue Weissenberg Precession
camera camera camera
Company Enraf Nonius STOE 501 /291 /66 STOE 501/10/21
Target Cu Ka Mo Ka
Filter - Ni Zr
Wavelength - 1.5406A 0.7107A
Energy 40kV, 40mA 40kV, 40mA 40kV, 40mA
Time 1-—-2days 3—5 days 3—5 days

=243 A
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Table 4. Conditions of extinction rule from
the Weissenberg and Precession photo-
graph

hkl hkl condition

Weissenberg hkO hko h+k=2n
h00 h=2n
0k0 k=2n

hkl hkl h+k=2n
ho1 -
Ok1 k=2n
hk2 hk2 h+k=2n
ho2 h=2n
Ok2 k=2n
Precession hol hol h, I=2n
h00 h=2n
00! [=2n
Okl Okl k=2n
0k0 k=2n
00! 1=2n

<010

Fig. 2. Laue photograph of Sr,Cay,Cu0,,
bearn direction //[0 1 0], (Mo white ray,
30mA, 40kV, 4hours,
tance : 40mm.)

crystal-film dis-

Fig. 3. Rotation photograph of SrygCay ,CuQ,,
beam direction //[0 0 1]. (Cu Ko, Ni fil-
ter, 20mA, 40kV, 24hours)
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Fig. 4—c) Weissenberg photograph of Sr,

§0C04CuO,(hk2 plane, CuKa, Ni filter,
20mA, 40kV, 5days)

Fig. 5—a)Precession photograph of SrygCa,
«CuO,(h0l plane, MoKe, Zr filter, 30mA,
40kV, 3days)
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Fig. 5—b) Precession photograph of Sr,Ca,

«Cu0,, (0kl plane, MoKe, Zr filter,
30mA, 40kV, 3days)
graphy [21] 2% ¥ Cmc2,(36), Cmcm(63),

C2cm(40) & 8118 & it

CAD4AZ @& 24 3sddolele (008) re-
flectiono] &3] 73k 3AAE Jehla oj&
=% XRDE FaA= EIHMAL. AL 71&
o] & A7AEY A#[12, 13]9ke= 943
02 45 HoFed, ot U4 =244 o
Fo] 4 Ao}[16].

AARTZE 98|7] 98] WA Patterson g4
g ol&sto M A3t AAUEE ZHe T
HIEE A}t 1AL Sr Cuz A4 5 9l
Rem, a2 e ARAAE 7198 dif-
ferential FourierdtHg o]&3rt} o]zxg
least square analysisZ® 3% Z7z}+¢] atom par-
ameter$} bond length /angle®] Z3E Table
541 VERGICE Cadl x#3e WF2 a3t
o Aid Ad X=0402 Yelgn o)A
EPMA®] ZAxs} v|wain dx)sigd. of 72
Sr03 CuO, F+ 7Y tHaxE 7HAaL gle
Zrzt 2 Y2 3709 bond lengthE 7}A
Age] ZATS & 4= Uk oA thshA

o5 oA ZHA3) tf7] = g

fe e 2 rfr

Al 74 13, 1996.



AP A SrCa, ,CuO, 3HE2] AA 284

Table 5. Structure data obtained from the
least square analysis.

X=0.40382
v(Sr) 0.32988(0.00003)
y(Ca) 0.32988(0.00003)
y(Cu) 0.06147(0.00003)
v(0y) 0.94294(0.00019)
v(0,) 0.18046(0.00018)

U (ST)(A D) 0.00730*(0.00013)
Upy(Cu) (A ) 0.00762* (0.00015)
Uy (0) (A ) 0.01116" (0.00056)
Ue(0p) (A ) 0.00963* (0.00055)
d(Sr—0y) (x2) (A 2.516(0.002)
d(Sr—0,) (x1) (A 2.412(0.003)
d(Sr=0,) (x4)(A 2.603(0.000)
d(Cu—0,)(x1)(A 1.913(0.003)
d(Cu—0,) (x2)(A 1.938(0.000)
d(Cu—0,)(x1)(A 1.921(0.003)

* Individual temperature factors.
Sr: U =0.00543, U,,=0.01005, U,;=0.00643, U,
=U,;=U3=0, sof=0.14949(0.00248)
Ca:U;;=0.00543, U,=0.01005, U3;=0.00643, U},
=U,,=U;;=0, sof=0.10095(0.00473)
Cu:U;,=0.00180, U,,=0.01650, U,;;=0.00456, U,,
=U,;=U;;=0, sof=0.25000(0.00000)
0,:U,,=0.00357, U,,=0.02317, Uy;=0.00674, U},
=U,;=U,;=0, sof=0.25000(0.00000)
0,:U,;=0.00687, Uy,=0.01649, U4;=0.00552, U12
=U,;=U,;=0, sof=0.25000(0.00000)
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Table 6. The lattice and atom parameters of (Sr,_,Ca,)CuO, by linear re-

gression as a function of x.

y=A - x+B reliable
A B factor R(%) x=0.6(A ) x=0.65(A ) x=0.7(A ) x=0.75(A )
, a 357362 —0.25957 99.1 3.41788  3.40490  3.39192  3.38294
lattice 1, 1633514 —0.44550 99.2 16.06784  16.04557  16.02329  16.00102
constant 3.91534  —0.09576 93.6 3.85788  3.85310  3.84831 3.84352
Sr(y) 0.33107 —0.00304 98.1 0.32925  0.32909  0.32804  0.32879
atom Culy) 0.06908  0.00126 9.3 0.06174  0.06180  0.06186  0.06193
position O1(y)  0.94445  —0.00374 95.5 0.94221  0.94202  0.94183  0.94165
02(y) 017865  0.00471 94.4 0.18148  0.18171  0.18195  0.18218
544834 - 26 -
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Table 7. Calculated bond angles and bond lengths

diA)  d2(A)  d3(A) a () B () Y (%) s ()
SrCu0, 1.95968 1.90353 1.92216 88.5995 94.3368 83.5994  88.4644
Sr.6Cay ,Cu0, 1.93987 1.91442 1.92348 89.3730 92.9235 89. 3730 88.3321
Sty Ca, CuO, 1.92999  1.92058  1.92396  89.7687  92.1700  89.7686  88.2927
Sry 65Cay 3:Cu0, 1.92752 1.92194 1.92407 89.8644 91.9929 89.8645 88.2738
SrgCaggCuO,  1.92507  1.92328  1.92416  89.9594  91.8169  89.9595  88.2642
SrysCaysCu0, 192261 1.92461  1.92425  90.0542  91.6415  90.0543  88.2501

geilnt. 28 a, cHESlR FAshs Cu— A7 SrCuOdo.2M ZAEh, ojnr) o @
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