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Single crystals of (Ca,Sm);;Ru40y4, (Ca,Nd);;Ru40,4, (Sr,Nd);;Ru40,4, and (Sr,Pr);;Ru40,4 were first grown by the flux method
using alkaline earth chlorides. The compounds crystalize in a noncentrosymmetric and chiral space group 74;. Single-crystal
structure analysis revealed that the structure is composed of isolated RuOg4 octahedra embedded in a matrix which comprises
crystallographically independent seven M sites accommodating both alkaline earth (AE) and lanthanide (Ln) atoms in a statistical
way. Since the RuOg octahedra have no direct connection with each other, the (AE,Ln);;Ru;0,4 structure can be regarded as a zero-
dimensional octahedral network structure in contrast with the three-dimensional octahedral network structure in LnRuO;
perovskites, two-dimensional octahedral sheet structure in AE,RuQ,, or one-dimensional octahedral chain structure in Ln;RuO;.
Well-developed (AE,Ln);;Ru 0,4 crystals were surrounded almost octahedrally by the {011} faces with subsidiary {110} and {001}
faces. The relationship between the faces and atomic structure is discussed. The mean oxidation state of Ru was approximately
+4.75 in these compounds, suggesting that the one of the two crystallographically independent Ru sites is occupied mainly by Ru>*
and the other site is almost evenly populated by Ru*" and Ru®". The (AE,Ln);;Ru 0,4 compounds are isostructural with AE;;Re;O,4
and AE;0s,0,4, leading to an understanding that the low mean valence of +4.75 for Ru, compared with +6.5 for Re or Os, is
provided by the replacement of a part of AE* cations with Ln®" in the flexible matrix.
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Table 1 Conditions of syntheses and major products.

Target compound  Batch Mole fractions W™ H" T," R Furnace™ Major products”
Lm0 RuO, AECL' (@ ® O (Chh
igu_1 1 1 9 5.00 1100 6 800 3 M Nd;RuO; + Nd,Ru,0,
igu 2 1 1 19 5.00 1100 6 700 4 M Nd,Ru,0,
igu 3 1 1 19 2.50 1100 12 700 5 KS M RusO4
igu 4 1 1 19 2.50 1100 12 700 10 KS M RusO4
(St,Nd); RusOz  igu 12 1 1 19 5.00 1100 6 1000 5 M Nd;Ru,0;
igu 13 1 1 19 5.00 1000 6 900 5 M Nd>Ru,07
igu 14 1 1 19 5.00 900 6 800 5 M Nd>Ru,07
igu 29 3 2 38 5.00 1100 6 1000 1 M M;1RusOx4
igu 46 3 2 38 5.00 1100 6 1000 1 M Nd;Ru0O;,
igu 22 3 2 38 5.00 1100 6 1000 5 M Pr;RuO; + Pr,Ru,04
igu 24 1 8 152 5.00 1100 6 800 5 M (Sr,Pr)RuO; + Pr,Ru,07
igu 25 3 2 38 5.00 1100 6 800 5 M Pr;RuO; + Pr.Ru,0;
(Sr,Pr)RusOn
igu 26 3 2 38 5.00 1100 6 1000 1 M M;iRu4024 + Pr;Ru0O;
igu 27 1 1 19 5.00 1100 6 1000 1 M Pr;Ru0O;
igu 47 3 2 38 5.00 1100 6 1000 1 M Pr;RuO; + Pr,Ru,04
(Ca,Sm); Rus0,4  igu 39 3 2 38 5.00 1100 6 1000 1 M M;;Ru404 + Sm;RuO;
cnr2 2 1 9 4.97 1100 10 700 4 KS M;RusO24
17 3 1 9 5.00 1100 10 700 4 KS M, RusOx4
cnrl 4 1 9 4.76 1100 10 700 4 KS M, RusOx4
(CaNDuRuOx g 2 1 9 1001 1100 10 700 I KS  M;RuOs
cnrd 2 1 12 9.97 1100 10 700 1 KS M;RusOy4
cnrd 2 1 15 10.00 1100 10 700 1 KS M;,Ru 0,4

" Ln and AE stand for lanthanide and alkaline earth metals, respectively.

"2 Total weight of the mixture of chemicals.

"3 Samples are heated to a temperature T, with a holding time H, and then cooled to a temperature T, with a cooling rate R, and then furnace cooled.
™M and KS stand for the muffle furnace and Kanthal Super MoSi, furnace, respectively.
"> M RuyOa4 stands for (AE,Ln); RusO,4 where AE and Ln indicate elements given in the target compound in the first column of the table.
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Table 2 Crystal data of (AE,Ln);1Ru4O4 (AE = Ca, Sr, Ln = Sm, Nd).

Formula Caz 73Sm727Ru4054 Cay20Nds.30Ru4024

Space group Tetragonal, /4, Tetragonal, /4,

alA, c/A a=11.1883(1), ¢ = 15.9653(2) a=11.2395(16), ¢ = 16.0640(32)

VA 4 4

Crystal size/mm 0.1 x0.1x0.1 0.03 x 0.03 x 0.02

Data name igu 39j cnr2

20 range/deg. 20<100 20<90

Measured reflections 93922 11317

Independent reflections 10381 4371

Rin 0.0303 0.0241

Ry (Fo>30(F)) 0.0219 (Used reflections : 9633) 0.0234 (Used reflections : 3983)

Atom x y z Usso/Ueq Sm (%) x y z Usso/Useq Nd (%)
Ml 0.20175(2) 0.26922(2) 0.259224(12) 0.00736(5)°  91.4(3) 0.76931(5) 0.79768(4)  0.00938(2) 0.00747(9)"  90.1(3)
M2 0.23079(2) 0.70179(2) 0.240757(12) 0.00706(5)°  88.9(2) 0.20180(4) 0.76981(5) -0.00987(2)  0.00693(9)"  87.6(3)
M3 0.28764(3) 0.97715(3) 0.162951(17) 0.00756(6)°  74.1(2) 0.47667(5) 0.70942(6) -0.08648(4)  0.00842(14)" 60.8(3)
M4 0.28790(3) 0.47691(3) 0.086787(17) 0.00776(6)  75.4(2) 0.70968(6) 0.52349(5)  0.08692(4) 0.00764(13)"  60.3(3)
M5 0.5 0.5 0.25574(6) 0.0161(2)" 31.1(4) 0 0.5 0.00760(10)  0.0156(3)" 37.6(5)
M6 0 1 0.24390(6) 0.0149(2)" 27.2(4) 0 1 0.24307(10)  0.0187(3)" 42.4(6)
M7 0 0.5 0.21076(4) 0.00882(12)  8.9(2) 0 1 0.03974(8) 0.0091(3)" 4.83(3)
Rul 0.00002(4) 0.74996(4) 0.12494(4) 0.00518(2)" 0.00035(8) 0.75017(8)  0.12528(8) 0.00526(5)"

Ru2 0.49986(4) 0.74996(4) 0.12500(4) 0.00526(2)" 0.49996(8) 0.74987(8)  0.12500(8) 0.00545(5)"

01 0.10943) 0.6101(3)  0.0973(2) 0.0124(4) 0.1098(5) 0.6137(5)  0.0999(3) 0.0117(8)

02 -0.0098(3) 0.7990(3)  0.00750(19)  0.0084(4) -0.0091(5) 0.7932(5)  0.0044(4) 0.0082(9)

03 -0.1214(2) 0.8813(2)  0.15430(18)  0.0093(4) -0.1220(5) 0.8779(4)  0.1551(3) 0.0101(8)

04 -0.1538(3) 0.6664(3)  0.11882(19) 0.0108(4) -0.1472(4) 0.6587(4)  0.1183(3) 0.0063(7)

05 0.0101(3) 0.7084(3)  0.24634(18)  0.0069(4) 0.0107(5) 0.7021(5)  0.2414(4) 0.0068(8)

06 0.1450(2)  0.8446(3)  0.13180(17)  0.0089(4) 0.1382(5) 0.8479(6)  0.1343(4) 0.0159(11)

07 0.3954(3) 0.6141(3)  0.1514(2) 0.0086(4) 0.3924(5) 0.6161(5)  0.1502(4) 0.0089(9)

08 0.4104(3) 0.8293(3)  0.2180(2) 0.0089(4) 0.4135(5) 0.8328(5)  0.2159(4) 0.0084(9)

09 0.6115(3) 0.8802(3)  0.0972(2) 0.0079(4) 0.6058(5) 0.8833(5)  0.0954(4) 0.0084(9)

010  0.3895(3) 0.8273(3)  0.04863(19)  0.0088(4) 0.3960(5) 0.8220(5)  0.0434(4) 0.0122(9)

011 0.6043(3) 0.6775(3)  0.2069(2) 0.0102(4) 0.6117(4) 0.6722(4)  0.1998(3) 0.0069(7)

012 0.5887(3) 0.6710(3)  0.0354(2) 0.0080(4) 0.5890(5) 0.6754(5)  0.0344(4) 0.0082(8)

* Ueq stands for the equivalent isotropic atomic displacement parameter Ui, calculated from the anisotropic ones.
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Fig.1 As-grown crystals of (Ca,Nd){1Ru4O,4 after removal of flux. Fig.2 Micrographs of M11Ru4O,4 crystals with developed faces.
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Table 2 Continued.

Formula Sr4.04Ndg 06RU4O4

Space group Tetragonal, /4,

alA, c/A a=11.4210(2), c = 15.8722(2)

VA 4

Crystal size/mm 0.06 x 0.06 x 0.06

Data name igu 3g

20 range/d g. 20 <100

Measured reflections 43092

Independent reflections 10755

Rint 0.0255

Rr (Fo > 30(F)) 0.0242 (Used reflections : 9577)

Atom x ¥ z Uso/Ueq Nd (%)
Ml -0.29557(3) 0.76766(3) -0.23980(2) 0.00547(6)"  85.6(4)
M2 0.20385(3) 0.76829(3) -0.01020(2) 0.00482(6)"  78.0(4)
M3 0.47643(3) 0.70834(3) -0.09105(2) 0.00572_(7)‘ 80.9(4)
M4 -0.02404(3) 0.70878(3) -0.15919(2) 0.00559(7) 77.2(4)
M5 0 1 -0.23603(6) 0.00987(13)" 31.4(5)
M6 0 1 0.23462(6)  0.00999(15)" 19.5(5)
M7 0 1 0.00525(17) 0.0268(2)" 0

Rul  -0.00052(5) 0.74997(6) 0.12521(5) 0.00367(2)°
Ru2  0.50022(5) 0.75037(6) 0.12500(5) 0.00403(2)°

01  0.1224(3) 0.6208(3) 0.1071(2)  0.0094(5)
02 -0.0087(3) 0.7729(3) 0.0030(2)  0.0080(5)
03 -0.1316(3) 0.8714(3) 0.1451(2)  0.0085(5)
04 -0.1302(3) 0.6382(3) 0.1227(2)  0.0099(4)
05 0.0094(3) 0.7179(3) 0.2457(2)  0.0067(5)
06 0.1440(2) 0.8481(2) 0.12858(17) 0.0065(3)
07  04013(3) 0.61453) 0.1535(2)  0.0088(5)
08  0.41353) 0.8306(3) 0.2152(3)  0.0080(6)
09 0.6065(3) 0.8786(3) 0.0977(2)  0.0075(5)
010 0.3888(3) 0.8243(3) 0.0499(2)  0.0080(4)
011 0.6053(3) 0.6846(3) 0.2074(2)  0.0090(5)
012 0.5889(3) 0.6740(3) 0.0320(3)  0.0073(5)

Sty 83Pr6.17RU4024
Tetragonal, /4,
a=11.4436(1), c = 15.9573(2)

4

0.06 x 0.06 x 0.06

igu_26y

260<100

91730

10976

0.0424

0.0233 (Used reflections : 9405)

x y z Uso/Usq Pr (%)
-0.20429(3) 0.73245(4) 0.26007(2)  0.00680(7)"  73.5(4)
0.23235(4) 0.70450(3) 0.239657(19) 0.00710(7)"  78.7(4)
0.47595(4) 0.70793(4) -0.09056(2)  0.00739(8)"  65.2(4)
0.29218(4) 0.47594(4) 0.09056(2)  0.00730(7)"  66.8(4)
0.5000 0.5000 0.26328(6)  0.01207(16)" 21.4(6)
0.0000 1.0000 0.23599(6)  0.01134(15)° 27.3(6)
0.0000 1.0000 0.0001(2) 0.03016(12)° 0
-0.00009(6) 0.75000(6) 0.12477(4)  0.00514(2)"
0.50001(6) 0.75002(6) 0.12500(5)  0.00552(2)"

0.1302(3) 0.6282(3)  0.10393(19)  0.0089(4)

-0.0104(3) 0.7820(3)  0.0044(2) 0.0085(5)

-0.1194(3) 0.8768(3) 0.1412(2) 0.0125(5)

-0.1406(2) 0.6500(2)  0.12017(17)  0.0094(4)

0.0085(3) 0.7266(3)  0.2457(2) 0.0094(5)

0.1267(3) 0.8630(3) 0.12718(17) 0.0106(4)

0.3940(3) 0.621(3) 0.1531(2) 0.0093(5)

0.4103(3) 0.8255(3) 0.2161(3) 0.0104(6)

0.5994(3) 0.8851(3)  0.0983(2) 0.0106(6)

0.3879(3) 0.8239(3)  0.05072(19) 0.0103(5)

0.6049(3) 0.6841(3) 0.20674(19) 0.0105(5)

0.5842(3) 0.6692(3)  0.0333(2) 0.0085(5)

* Ueq stands for the equivalent isotropic atomic displacement parameter U, calculated from the anisotropic ones.
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Fig.3 Changes in temperature in the muffle furnace (M) and the
Kanthal Super MoSi, furnace (KS) as a function of time after
power off at 700 °C.
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renuod & MERUO;
u
277 AERu,0,

Ruo2+6

Fig.4 Phase relationship in the AEO-LnO;s-RuQOs.s
pseudoternary system. The number in parenthesis indicates the
oxidation state of Ru.

Sty 83Pr6 17 RUOy ZFRITIE, W4 D AELnRu Oy 12D 2
oo ZORBIE Ru DL R MR+475 IZHY TS, 7T
JAETIE L, 7a—T 47— iEREEZHNWT AE
& Ln # BRUMAC CHRBIICERE SEhE, 24 LAV E
PHCREMENTE RN 5 & Ebivs,

3.4 fERETF

(AE,Ln); Ru 0,4 O i #5713 K0 IE S5 #5 7 (body centred
tetragonal, BCT) T 2 7%, #E{Eli 0> 32 7 #& F (pseudo face-
centred cubic, pFCC)IZL A2 L HT&E D, Figs lcznbHo
BfRE "7, 2O pFCC D HEALALD K & X1 (Sr,Pr);RuyOyy D
A, BXZFa=16184A, a,=16.18A, a;=1596 A, a=p

=y=90°Th D,
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Fig.5 Geometrical relationship between pseudo face-centred

cubic cell (dashed line) and body-centred tetragonal cell (thick
line) of (AE,Ln)11RusO24 in the left figure, and a monoclinically
distorted cell (thick line) with y ~91 ° caused by wrong choice of
axes in the right figure. The a; axis in the right figure is
compressed with respect to a4 for view purpose.

Fig.6 Structure of My;RusO,4 viewed along the c¢ axis. Oxygen
atoms at the corner of RuOg octahedra are omitted.

RO IEFAET1E pFCC @ a3 ih% cfillc & 5 Z L2k »TH
LNDMN, MEZTC addW0E e % cfiliictd L, y AR
91 °FREIZE A B O KL HERME T (body centred monoclinic,
BCM) Wb D, ZDT U ZXFRE 4/m & 5T 4/mmm |
foc %#L: 2/im & fzﬁéo M11RU4024 @*%JHE:L:BQ‘/‘}—éjC@W:li?
TR 2im ERE L CHALONRH DD, iUk iy L
DEEZ TVWDREEERH 5 & b b,

3.5 {EEEE

X BEFrOFE RIS, (AE,Ln)RusOyy 1ZIE TR THFRH
DR, X TNVREMBE 4 BT DI ENRDMhoTo,
Fig.6 38 LW Fig.7 IZR-T L 21T, T4 b D& IIMAL L7
RuOg \NHEAN AEBEL R Ln A Ao Mbb~ R v 7 R
HWOAENT L ) 7eiiEia & D, Table 2 (279X 912, Ru
VTS S AN MSE 722 2 O RN EE L, AEB L Lol
MAz7e 7 FEO M BICHENICFEET 5, AlEhizaT
D M1 RusOpy (LEMITENT MI-M4 JEIZ Ln 73, M5-M7 J&
121 AE MBS EET D Z b hotz, CaR{LAHT
X MI-M4 JEICEET D Ln D EEEN Sr 2L &L, #
N E VTR IRAIC Sr R LA TlE M5-M7 JEICIFTET D Ln D
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SEHRN CaiL v biEh-o7-, AE OFEEIC L5 EHEROE
bz~ bV v 7 AEEOFERIEE R L TV 5D,

3.6 ¥Y—r-:-F5—F

FERL D RulOg B & Y Ru20g \EE DR IT R0 RA - T
Uz, Table 312779 X 912, RulOg /\ EAEDAEFRE T Ru20, /\
HRL Y HENCKE LV, F£72, Rul-01 kR X O Rul-03
FEEEIIMo> Ru-O BEREL W R <, o okt L CURIZEE S
B L CUW 5, Ru 1342 73 H+8 F TRV Vi FH D JF -1
HLDHIENTED 4d EBRERTHD, HEMITE IOV
EDS 45# O BIZ, i Rut e REOTDHEET S Z &
ZoRE L CW iz, ENEEERGICB N d EFEUED,
THICHHE LT RAX—DE ¢, Ul (47 BIH, @x-y’ Bl
) & ZHEICHEE L= R X — D& 6, BUE IS HET S
[13]e RuZ 0, BUEIC 4d BT % 3L HODOT, ZOENLIN
HRIZENERCELS 72D, —0F, Bblho z Fraicio
TN RS Tl e, BUE OMGRDART, d2” Bz F v
F—WMNEL 2D, BFE2ZHALLT A5, RuiT 44
BrE 4HLODOT, ZOLIRIESFY—2 - TT7—F% b
OEMZEBIZEB N TLEELSIND, MRuOy IZEEND
Ru DRl L E+4.75 THH DT, 1FFENEEIC
ITWVFERRIRICH D Ru2 fEICIE ROTAEEICIEEL, IEF
Y—r - TI—FEELOMMBICE AN Rul BT
Ru* 3 L VRO NTIESE LWEIA TIRIET 5 L HE Sz,

Fig.7 Crystallographically independent atom positions around
Ru10s and Ru20; octahedra in M11RusO,4 (M = Ca, Sm) viewed
along an axis close to a.

Table 3 Ru-O distance (A) and octahedral volume (A% in
(Ca,Sm)11Ru4024.

Rul-06  1.941(3) Ru2-O11  1.932(3)
Rul-02  1.957(3) Ru2-010  1.939(3)
Rul-04  1.961(3) Ru2-012  1.953(3)
Rul-O5  1.997(3) Ru2-07 1.963(3)
Rul-O1  2.033(3) Ru2-09 1.970(3)
Rul-O3  2.055(3) Ru2-08 1.999(3)
volume  10.362 volume 9.880

3.7 RATJRAA rEEEDOBER

Fig.6 ® X 51 M Ru 04 % ¢ il HH 95 & RuOg J\ iH
ITZNENINL L T DIZHE b bT, bLXa7xh
A FHLLRZD, ZHITXe 7 2HA FOINFEIERE B JF)
=D M JRTF N AT, ZBIARH-T20TH72HTH
%, BARMIIZIZ M Ru0p @ M1, M2, M5, M6, M7 M

ABO; IO 7 A H A FD AJEOREFIZHEYE L, M3, M4 2
Rul, Ru2 & & HIZ BEDORFITHYET 5, Fig8lZZdk)
WL CHEE L7z 7 A A FNEAROSRNY 257,
M1-M4 X 2288 14, (No. 80) D—HR{LE (8b), M5-M7 1455k
L& (4a) IZH D, Rul, Ru2 HLEFHRALE (4a) 2D, LT20
STM3EMAEBIEE LTHIEST D &,
Mi1Ru4054 = M7(M4Ruy)Oo4 = 8 X Az5B03

L0, ATEN 1S EIRTGI=_e 7204 MERMTZ L
NATREIC 72 D, Fig8 TIXZ D A D KMa% V TR LT=.

Fig.8 Defect perovskite-type ABO; unit cells stacked along the ¢
axis in M{4RusO4. The M3 and M4 atoms occupy the B-sites as
well as Ru1 and Ru2, whereas the M1, M2, M5, M6 and M7
atoms and vacancies (denoted by V) occupy the A sites. Oxygen
atoms around M3 and M4 are omitted for view purpose.

ZDE I, M RuOy & A JERMEHART 7 25 A M
D—2L LTEBZDI L, BHERMEE LAY ZHE
ELFERNCERRIEL LD LT 28RN LIFFEERTHL D
Livavy, L2 LERBRIZIE BEO MR FIEED O 8 #ritk
OFEFELEM L TNT, a7 2B A4 hONEEE L 327
DR D, £72, X7 AhA FOMWEICEE 2 E&E
Z Bl EARAY 7R B-O-B fEA 5 M RuO0 ICIXTFEET, R
FEILTZ Ru A A RIOBZEMEEERIIEFTE /20,
L7228 5T M RugOag 1 X002 0 INE L7 NHAIR N B 5B 1
Wrfbame LT, Zxy N —JfiEx b Hoe 7 A
HA MEIFUIVBEL CEX TR LW EBbhs,
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AT/ ONTALAE Y L BRI OLFEHEEE DO b DI Sr11084044 (12/a) [10] 72 ENRHE SN TWD, ZhbDbEY
CajRe 0y (I4) MTFET D[7], TDIENITH, MHFRHLED 28T % Re BL W 0s OFEHFRFli13+6.5 TH Y, KRFHED
M Ru0p4 IZ31F 5 Ru OFEYRFAMi+4.75 L0 HRE W,
I4/a 1% 14, OFFECINZ, ¢ BT o Mt a2 3 Ho%E
MIEETHY, 4 SIXHEBAIARZLR D, Fig9 IR T LI,
I4/a ® hk0 ETIE, 600, 800, 620, 820 2 X DL HIZ, hB
LRk PO TNHBEEPO R DI OHENENDS, Ll
4, T, ZHCZ T hBIO kS TRbLEENS2D
770 72 EOFHOEH BN D, RIFFETH LR T
I4/a TIXEET 2 13T O KK EE 2 BIIFRE CEI S h iz,
5T, INHDOREEE K/a HRE LI-HEE T L CTH%
{EL7fER, HEET LV EEBEOHE L O —HEAE2RTE

- FEEH T Ry OEED 2 0 /NSL 2o To b DD, MT EORY
PR FAEMAEAED ¢ WA mICRE RMEL R L, 202
820 Link, ABFZECE B MyRuOn lC BT My HiEE 5
= 710 i JIREY L EZ SN, Z ORI Y ORFITVTRDS
600 800 RN, MEIZIXEREDOERNMLETH D, BEDOHF
e KT Ihla LHESHTOHLAEMOEOMFHIEEERFIC
Fig.9 The hkO reciprocal section of (Ca,Nd)11Ru4O,4. The presence s %,

of 770 reflection indicates a missing of the glide symmetry in /44/a. ZEMBE 14 2 L D CajReyOyy F D RelOg NHEE LT
Re20¢ \EEDIERE LT Z I FH 9.5294 A%, 87952 A TH Y,
Table 3 (270 L 7-(Ca,Nd);RusO,s D FEEHD RuO, J\ E I
HIRTEEN D - 12[T], £72, RelOg/\HED 2 AD Rel-0 I
BESMh L 0 B<, ZOMEFMIIAMIE TERSINIILED
ERARIT ¢ fillloxf L CIEIEEEICFIE L T2, CajReyOny
D Re DYEHBFFMIT+6.5 THDHDT, kAL
ZoO0 Re JEIZ ReTBI O RV DFERICTRHLL, ZAHN
HABLFI L TWDH EB 2 HND, ZIUIARWIE TER I NI
Ru ZLEWITEIT 5 Ru OJRTM OB 72 R ARSI O£k
HED LR STV,

3.9 #ROBMLBEOHER

OB L HEEOBRE Fig10 BEL O Fig11 IR T, &
B {011}, {001}EB X OYI10} THENTWZ, ZofEKiT

) o . RLEFEF BCTIZE SR, I b% 3.4 Tl
based on the bocy cented teagenal ool (1ft and on he posugo 1L YA T (FCC) TREAET 5 &, {011}acr FE{1 11 }prce &
face-centred cubic (pFCC) cell (right). 729, {001}per 3 L VH{110}per 1£{100} jpcc & 72D, 3.1 1Tk
RIFERDOINE L DK E I % pFCC DR TFIZHES W CRER
THE, NSTeRERTIE RS LT00} pee DETHIEL,
R & & BT {11 ppec DIRZIZHEFEL, {100} rcc ZHET
HEWH ZENTED, Figll »obnd LI, {111} ke
B ETH100} ypee 13 RuOs N Z BT 2 Z & 72 <810 531
HIENFRERE THD, ZOLI RmEEMT AR
2, RuOg \HEDOFE L, #- TH Ru-0 fiAILE Ehie
Vo ZOX D RBEMIZE 5 T} prec 3 K V100 ppec (AR
EEENEL 2D, fRmomiis L TEEINLOoTHA I,

3.10 B#SH

(Ca,Sm);;Ru,0,y DHIBIEFED DTA Hift % Fig.12 [ORT,
181 °C B LW 299 °C O/ S 7B — 7 [IHEER IR O1F
FEERBELTND EZEX LN, IHICHEIRTIE 700 °C fF+
W7 m— RARWREN, 2 LT 940 °C 31T Huie A S ik 24
BRONTZ, TNHOMRITASHOBETH D,

pFCC

4. F&H

TNAHY LEERE T Ty 7 AL LTHYL,
Fig.11 Schematic relationship between the crystal faces and the (Ca,Sm)1RusOn ,\\/({Caé\ld)i{uf@z‘;, (Sr’gfi)JlRL,l4oE|24 j’?;k 9
atomic structure drawn with RuOg octahedra. Face indices are (St,Pr);1RusO4 OHFERBZBR L, ORI %S 2
given based on the pseudo face-centred cubic (pFCC) cell. Rz, TROHORMBITIERFSERE E D, RFRPLARL, F
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TIVIRZERRE 1A BT D Z E RN oTz, fEET D RuOg /\
HRITTER, B, miRlaF+sZenel, 7LrvhV L
HEBSCHITETERLED M BFrokb~ b 7 AT
ML L THEET A2HETH D, T E NHEROEEN Y Ok
RTHET DL, WhAETrRIER Y MU — 7 HEEIHY
T 5, RuOg \HERDKMZAN 22K 5 Rul JFI2id Ruv' s
L O RO BFEEFHIICIZIE LI SFE L, Ru2 JBI2IE Re* 8
BREMICHFEET D2 ZEWARB I, TRbbInbobs
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Fig.12 Differential thermal analysis (DTA, thick line) and thermo-
gravimetric analysis (TG, thin line) of (Ca,Sm){1RusO,4, showing
small endothermic peaks at 181 and 299 °C.

RBHICONTHRA IO NREET D EHE SN,

Eif33

(Ca,Nd); | Ruy0,4 DFEdh AR & Y L 7= BECK o4 & 2
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