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Table 1 Lattice parameters of subcell and supercell for Ca, ., Pr,_,Cu; Oy, solid solution

Composition

Parameter
Cay, Pr; sCus; Oy Cay o Pry sCus Ogp Ca, Pry Cus Oy Ca; 7 Pry 2 Cus; Oy Cay y Pr, ,Cu; Of
a,/(nm) 0.28246(7) 0.28252(7) 0. 28257(7) 0.28176(7) 0.28143(7)
by /(nm) 0.63693(5) 0.6381(1) 0.6392(1) 0.6390(1) 0.6392(1)
Orth. co/(nm) 1.06794(4) 1. 0698(1) 1.0718(1) 1.0718(1) 1.0720(1)
Subcell V,/(nm*) 0.19213 0.19286 0.19359 0.19297 0.19284
dh 0.2 0.2 0.2 0.2 0.2
ol 0.2 0. 185 0.15 0.1 0
a/(nm) S5a, S5a, S5ao Sao S5a,
Orth. b/(nm) by bo bo bo bo
supercell  ¢/(nm) 5¢o 5. 4c 6.67¢, 10¢, o
V/(nm*) 25V, 27V, 33.3V, 50V, 5V,
a/(nm) 1. 4123(2) 1. 4126(4) 1. 4129(4) 1. 4088(4) 1.4071(4)
b/ (nm) 0.63693(5) 0.6381(1) 0.6392(1) 0.6390(1) 0.6392(1)
Monoe. ¢/(nm) A 1.1045C1D) 1.1012(2) 1.0925(2) 1.0807(2) 1.0720(2)
B 1.5543(1) 1.5715(2) 1.6096(1) 1.6602(1)
supercell B/ A 104, 79(1) 103. 73(1) 101.18(1) 97.35(1) 90
B 136.60(1) 137.10(1) 138.25(1) 139.79(1)
V/(nm*) 0.96061(5V ) 0.96425(5V ) 0.96794(5V ) 0. 96488(5V ) 0.96418(5V )

Note: * In the general it must be expressed as orthorhombic supercell whose volume of unit cell is same to one of

monoclinic supercell.
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Table 2 The observed and calculated spacings ¢ and diffraction intensities Ca; 4 Pr;, sCusOyy

Subcell Orthorhombic Monoclinic supercell (hkl)

o dea ow o L (hkD) supercell (hkD) A B

1 3184 3.184 4 5 020 020 (020) 020

2 3.008 3.006 13 23 (0.810.8) 41D (410) 414

3 2.916 2.914 13 15 (0.811.2) (416) (412) 412

4 2.735  2.735 100 100 (022) 0210 022) (022)

5 2.670 2.669 24 25 (004 (0020) (004) 004D

6 2.509 2.509 12 13 a1y (515 (510),(512) (513) .(515)
72,399 2.397 8 11 (0.832.8) U11D 112 416)

8 2.266 2.266 9 6 (0.813.2) (4116) (4140 410

9  2.090 2,090 27 18 (113) (5115) (512),(514) G111 .(517)
10 2.046  2.046 2 6 024 (0220) (024) 024

11 1.802 1.802 10 10 (0.830.8) (434) (414),(430) (418) ,(434)
12 1.782 1.782 8 4 (0.831.2 (436) (432) (432)

13 1.710 1.709 3 2 (0.815.2) (4126) 416 412

14 1.704  1.704 2 0.6 (105) (5025) (506),(506),(315) (808)

15 1.676 1.676 5 7 131D (535) (530),(532) (533),(535)
16 1.646 1.645 15 1 (115 (5125) (514),(516).(432) (511).(516).(436)
17 1.592  1.592 10 10 (040 040 (040 (040)

18 1.554 1.553 12 13 (026) (0230) (026) (026)

19 1.532 1.532 7 0.4 (133) (5315) (532),(534) (531),537)
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Table 3 Atomic parameters of Ca, ,Pr, (Cus O, (space group P2,/c)
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BT BC AL I UOICER B9 i 2 B EE AR A [ CuO, ), 188, (Ca, Pr)E
~3/4 1 k.

ERUA N

(Ca, Pr) Fl 6 A% B 1 4 nle e A2 iy /LT 4. B
B[ CuO, ), JHE ML BLAY L  # |, — HETOBR SE

Atom Position x y z Occupancy
Cu(D) de 0.3544(4) 0.5137(1) 0.7581(4) 1
Cu(2) de 0. 4401(3) 0.0030(2) 0.7390(4) 1
Cu(3) de 0.7605(0) 0.4857(6) 0. 7488(5) 1
Cu(4) de 0. 8555(3) 0.0096(1) 0.7547(2) 1
Cu(5) de 0.9421(5) 0.4726(1) 0.7499(1) 1
Pr(1) de 0.4344(1) —0.7494(D) 0.5047(4) 0.4
Ca(l) de 0.4344(1) —0.7494(1) 0.5047(4) 0.6
Pr(2) de —0.6290(3) 0.7611(1) —0.9881(1) 0.4
Ca(2) de —0.6290(3) 0.7611(1) —0.9881(1) 0.6
Pr (3) de 0.8799(1) —0.7563(3) 0.9933(2) 0.4
Ca(3) de 0.8799(1) —0.7563(3) 0.9933(2) 0.6
Pr(4) de —0.1783(0) 0.7466(6) 0.0092(1) 0.4
Ca(4) de —0.1783(0) 0.7466(6) 0.0092(1) 0.6
O de 0.0500 0. 5000 0. 3750 1
(01¢)] de 0. 1500 0. 0000 0. 3750 1
0C3) de 0. 2500 0. 5000 0. 3750 1
O de 0. 3500 0. 0000 0. 3750 1
0 de 0. 4500 0. 5000 0. 3750 1
(014D de 0. 5500 0. 0000 0. 3750 1
O de 0. 6500 0. 5000 0. 3750 1
(01¢:))] de 0. 7500 0. 0000 0. 3750 1
(01€°)) de 0. 8500 0. 5000 0. 3750 1
010 de 0. 9500 0. 0000 0. 3750 1
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Table 4 Selected distance (D,nm) and valence (F) between cation and oxygen in Ca, ,Pr, CusO,, structure

Atom O O O3 O 0(5) 0B O 0’ 0 000 X
D 1. 865 1.909  2.026 1. 985
Cu(D)
F 0. 605 0.537 0. 391 0.437 1.970
D 2.015 1.876  2.037 1.853
Cu(2)
F 0.403 0. 587 0. 380 0.625 1.995
D 1.862 2.058 2.074 1.841
Cu(3)
F 0.610 0. 359 0. 344 0.645 1.958
D 1.892 1.961 1.997 1.928
Cu(4)
F 0.562 0.467 0.423 0.510 1.962
D 2.031 2.034 1,872 1.873
Cu(5)
F 0.386 0. 383 0.594 0.592 1.955
Pr(1) D 2.396  2.131.2.654 2.161.2.698 2. 344
Ca(l) F 0.388 1.000,0.193 0.731,0.171 0. 446 2.929
Pr(2) D 2.798  2.116 2.543 2.310 2.166  2.341
Ca(2) F 0.163 0. 826 0. 261 0. 489 0.721 0. 450 2.926
Pr(3) D 2.153  2.879 2.767  2.124  2.175  2.341
Ca(3) F 0.747 0.105 0.142 0. 808 0.704 0.450 2.956
Pr(4) D 2.218  2.175 2.200  2.235 2.656  2.736
Ca(4) F 0.627 0.704 0.658 0.597 0.192 0.155 2.934
) 2.32  1.82  2.41 2.22 2.15 2.29 2,02  2.38  1.84  1.84
4 4
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1.06794(1) nm; HIEAZSBEEM W S W BN a=5a,.0=b,,c=5¢,. Cay,Pri sCub0,, L5 A] LI A
BAARLHR R SR AR R A A I BE N P2y /e  Z=4,a=5a,s b= bysc=c,/sin B,=104. 79 5%,
136. 60 °,V=5a,bsc .

(3) TEHE T 443 Ca,Pr,Cus Oy B9 = JC AR S RS54 th, Ca F Pr 2Z [A] 75 — %€ i B 9 42 7T LAAH
HRRACHY T BB ARG R R 5 S TR
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The Extent and Crystal Structure of the Solid Solution
Based on Ca,Pr,;Cu;0,

SONG Gong-Bao'? , HAN Cang-Qiong” , LIANG Jing-Kui** ,RAO Guang-Hui*

(1. School o f Material Science and Engineering ,Southwest University
of Science and Technology ,Mianyang ,621002,China;
2. Institute o f Physics and Center for Condensed Matter Physics »
Chinese Academy of Sciences ,Beijing 100080 ,China;
3. International Center for Materials Physics .
Chinese Academy of Sciences ,Shenyang 110016 ,China)

Abstract: The extent and crystal structure of the solid solution based on Ca,Pr,Cu; O, were studied by
X-ray diffraction combined with Rietveld structure refinement. According to the principle of valence
neutralization and the disappearing-phase method, in the Ca-rich region (i. e. Ca/Pr>>1) the composi-
tion of solid solution can be expressed as the general stoichiometry Ca,;,Pr,—.Cu; O, and in the Pr-
rich region (i. e. Ca/Pr<1) as Ca;;Pr;,Cu;O; . Ca,,Pr, ,Cus;Oy,1. e. , the solid solubility of the
Ca, Pr,Cu; Oy,-based solid solution can be determined as from Ca, , Pr; s Cu; Oy, to Ca; ,Pr, , Cu; Op.
The crystal structure of Ca,Pr,Cus O}, based solid solution is an incommensurate phase based on the
orthorhombic NaCuO,-type subcell. The lattice parameters of Ca, , Pr, s Cu; O;, subcell are a, =
0.28246(7) nm,b,=0.63693(1) nm,c,=1.06794(1) nm,and its orthorhombic superstructure is with
a=5a,b=0b, ,c=5¢c,. The Ca, ,Pr, ;Cu; O, structure is also determined by using a monoclinic super-
cell with space group P2,/c. Z=4,a="5a,,b=0by»c=c,/sinf and §=104. 79 °or 136. 60 °,V =
5 aoby co. In the structure of the solid solution based on Ca,Pr,Cu; O,,, the mutual substitution be-
tween Pr and Ca is possible in some bound. Furthermore, they are distributed disorderly in the struc-
ture.

Key words: Ca, Pr, Cu; Oy, ; ternary solid solution; X-ray diffraction, Rietveld refinement;crystal structure



