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Abstract

The results are reported of the researches per-
formed in the 11th group of NIRIM between April
1992 and March 1997. Besides the title compounds
and related ones, the actievies of the 11th group have
covered the development of methods for determining
quasiperiodic structues. In the first chapter, an
introduction, a synopsis in Japanese, a list of the group
members, and a brief chronicle of work shops held
by the 11lth group are given. The contents of chap-
ters 2 to 10 are summarized below. In chapter 11,
we present our research plan, referring to the prob-
lems to be solved in the future. Chapter 12 includes
the lists of publications, patents as well as official
commendation and prizes received. The authors of
earch chapter are: [2] E. Takayama-Muromachi and T.

4] E.
[sobe, S.
Yu and A. T. Matveev; [5] A. Ono; [6] B. Okai, [7]
Y. Kanke, K. Kato and T. Mohri; [8] Y. Kanke; [9]
Y. Uchida, [10] A. Yamamoto.

Chapter 2: Thermochemistry of T'-Ln,CuO,. T'-Ln,CuO,

Kawashima; [3] E. Takayama-Muromachi;

Takayama-Muromachi, T. Kawashima, M.

(Ln: rare earth) is a typical rare earth oxide having
a layered structure. The T' phase exists for Ln =
Pr, Nd, Sm, Eu, Gd and its structure is closely re-
lated to that of La,CuQO, (K,NiF, structure). The T
phase has attracted a great deal of attention because
T. above 20

f

it shows n-type superconductivity with
K after the rare earth element is partly substituted
by Ce and after the introduction of oxygen vacan-
cies. In the first part of this chapter, phase relation
and phase stability of the T'-phases are discussed
based on their thermochemical properties. The second
part is devoted to oxygen deficiency of T'-(Nd,Ce),CuO,.
Superconductivity of the T’-phase is affected by the
oxygen deficiency and detailed knowledge on it is
needed to understand the superconductivity.

Chapter 3: Soft-chemical oxidization of La,CuQ,,,
and (La,Bi),CuO,,,;.

conducting after partial substitution of alkaline earth

The La,CuO, phase becomes super-

HAL (2B B hFgE
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element for La. It has been also known that super-
conductivity appears by introduction of excess oxygen.
We found that the excess-oxygen introduction is pos-
sible by a chemical method, KMnO, oxidation in an
aqueous solution. In this chapter, structural proper-
ties including spinodal decomposition and supercon-
ductivity of the KMnO,-oxidized samples are described
in detail. Also, it is revealed that the spinodal decom-
position is suppressed completely after the Bi-substitu
tion for La.

Chapter 4: New Cu-based superconductors prepared
under high pressure. During the last five years, we
have explored many new series of superconductors
using the high-pressure technique. In this chapter,
we summarized their superconducting properties not
only on T, but also on J, as well as their chemical
and structural properties. In addition, recent results
are given on a spin ladder compound of (Sr,Ca),,Cu,,0O,,
which shows novel superconductivity not based on the
CuQ, plane.

Chapter 5: Localization of doped holes in cuprate
superconductors prepared under high pressure. The
universal relationships reported previously between
critical temperature (7.) and doped hole concentra-
tion (p) which is the number of holes per Cu atom
in the CuO, sheets may be confirmed
1212-type
Nevertheless, it is revealed that a few 1212-type cup-

for many

cuprates by high-pressure technique.
rates did not exhibit superconductivity even after

annealing under very high pressures of oxygen.
Moreover, the optimum values of p are different be-
tween Ga-1212 and Al-1212 cuprates, which are con-
siderably higher than the expected ones. It is
concluded that significant numbers of holes are lo-
calized in the CuQ, sheets below T. and are not as-
sociated with superconductivity. The diversity of the
1212-type superconducting cuprates is mainly due to
large variations in hole localization.

Chapter 6: Behavior of overdoped 123-type super-

conductors. Heat treatment of YBa,Cu,O, under high
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oxygen pressure produces YBa,Cu,0O;, along with
increasing amounts of other pahses: Ba0, CuO and
YCuw,Q,, (O = z = 0.4), as more oxygen is sup-
plied. Even when the oxygen content far exceeds 7,
the onset temperature T, of the superconducting tran-
sision remains unchanged at 91 — 92 K. Similar treat-
ment produces overdoped YLa,,Ba,;CusOp6, YosPros
Ba,Cu,0,,, and Y, ;Pry;Ba,Cu,0p, (v — 1) with T, nearly
unchanged. In the case of La, ,Ba, {Cu;0; ., although

T. remains unchanged with increase in y, the volume
fraction of superconductivity is reduced to zero at y
= 0.2.

Chapter 7: Structure of ternary vanadium oxides.
a-, [-LnV,0; (Ln = Dy - Lu, Y) and BaV,. 0O
are discovered. Structures of a -, 5 -YbV,0; and their
composite phase, BaV, 4,O,. and hollandite-type Ba, 4 VO
are determined. « - and 3 -LnV,0, have superlattice
structures of well-known CaFe,0, caused by ordered
arrangements of Ln and vacant sites. BaV,., O, is a
hollandite-related phase whose tunnel accommodates
not only Ba and O atoms but also a V atom. Ba and
O atoms form close-packed layers.

Chapter 8 Structural phase transition of NaV.0,,.
NaV;0,,

second-order structural phase transitions on cooling:

The ferromagnetic metal shows two-step
hexagonal P6,/mmc — hexagonal P6&mc = ortho-
rhombic Cmc2,. The kagomé-type V(1) octahedra forms
a trimer in the P6,mc form, and branch into two
types in the Cmc2, form. Two V(2) octahedra form-
ing a face-sharing dimer branch into two types in the
P6ymc form. The V(3) trigonal-bipyramid maintains
one type among the three forms.

Chapter 9: Magnetic resonance studies. NMR study
of high-T, superconductors BSr.Ca, ,Cu,0,., (n = 3,
5) and the itinerant-electron magnet NaV,0, are
described, explaining the features of “Cu NMR of the
square CuQ, plane located at the center of the con-
ducting layer in BSr,Ca,Cu,O,, and BSr,Ca,Cu,0, and
"V NMR of the V(1) site constructing the Kagomé
lattice in NaV 0O,,. ESR study of the dangling bond in
porous silicon is also presented.

Chapter 10: Method of

quasiperiodic structures. For the structure refine-

structure analysis of

ment using X-ray data of single domain quasicrys-

tals, we introduced a new method, which is based on

higher-dimensional cluster models and confirmed its

efficiency. Higher-dimensional maximum entropy
method was shown to be useful to modify initial
quasicrystal models. We developed computer pro-
grams necessary for their structure refinement. It was
shown that all known superstructures of decagonal
quasicrystals occur because of chemical ordering of
Al and transition metal atoms. In addition, tables of
superspace groups for one- and two-dimensionally
modulated structures were published in the WWW

home page of NIRIM.
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Fig. 2. 1. Heat of solution of Ln,0, as a function
of reciprocal of ionic radius of Ln*

ion,1/r.
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Table 4. 1. Superconducting transition tempera-
tures of high-pressure stable phases
discovered at NIRIM.

n=2 n=3 n=4 n=5

(Cu,C)-12(n-Dn 67K 117K

(Clll,C)-23(n—1)n 91K 113K | (90K)

(Cu,S)-12(n-1)n 60~100 X (n=3~7)

64~112K (n=3~6)

(Cu,P)-12(n-)n

(Cu,Ge)-12(n-1)n 90K 89 K
Ga-12(n-1)n 70K 107K
Al-12(n-1)n 78 K 110K| 83K
B-12(n-1)n 75K 110K| 85K
02(n-1)n-F 9K | 111K

M-12(n-1)n means MA,Cay,_1Cu,Opp 43 (A=Sr or Ba)
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Table 4. 2. Results of chemical analysis for (Cu, C)-m(m+1)(n-1)n.

Compound atomic ratio
Cu /(Ba+Ca) Ba/Ca

Obs. Calc. Obs. Calc.
(Cu,0)-1223 0.8910.02 0.88 0.90+0.07 1.00
(Cu,C)-1234 0.8910.03 0.90 0.51£0.05 0.67
(Cu,C)-2323 0.78240.008 0.80 0.99+0.003 1.50
(Cu,C)-2334 0.828+0.002 0.833 0.6210.01 1.00
(Cu,C)-2345 0.856+0.003 0.857 0.54%0.01 0.75

J— 23() p—
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Fig.5. 2 Images of Backscattered Electrons. A:GaSr,Tm,,Ca,,Cu,0, B,D: Darker grains are super-
conductors. BSr,Ho, Ca Cu,0,, C: AlSr,Ho,:Ca,,;Cu,O,, Gray grains are Ho-rich 1212 cup-

rates which may be relics from the starting sample.
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Fig. 6.3. X-ray diffraction patterns (Cu Ka )
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Fig. 6.4. Ratio of X-ray intensity versus mol

ratio for mixtures of YBCO and BaO,.
(013)+(110)+(103)  of
YBCO is compared with that of (002)+
(101) of BaO,
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100
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Fig. 6.5. Yield k of YBa,Cu,, versus 7 + g
where 7 + x was the oxygen content in
the initial material of nominal com-
position YBa,Cu,0,,.. Broken lines: yield
of YBCO under the assumption of fixed
oxygen contents which are shown in the

figure.

7+Y

75

Fig. 6.6. Relationship between 7 + x and 7 + »
Mixture YBa,Cu,O, + 0.25xKCIO, was
heat-treated under pressure, and YBa,
Cu,0,, was produced along with other
phases. Open circles: X-ray diffraction
measurement. Closed circles: magnetic
measurement. Thick bars indicate more

probable values in error bars.
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Fig. 6.7. Magnetic susceptibility versus tempera-
ture of a specimen whose nominal com
position was initially YBa,Cu,QO,; Dia-
and paramagnetic contributions are due
to YBa,Cu,0,, and YCu,0,,, respective-

ly.
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Fig. 6.8 Magnetic susceptibility versus tempera-
ture of (a) YCu,0, + Cu0O, (b) YCu,0,,
+ Cu0 and () YCu,0,, + CuO.
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YBa,Cu,0, + (x/2)0,
=k YBa,Cu,0,,,
+ (1 - k) (YCu,0,, +CuO+2Ba0,) 2)
bbHAS>WTHD, T TwDfEE LTHEIZIF04
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HIEANTIEZDL ) & FRIZZVWEEZ 5,

MR Ey BB OWHBENE,LL bRD LN
B, WHEICL A THEOR, ANk sEick
W, BRIETYCWO,, 12 & A HHHEEG S EHbNS
75 (6.7, TOWMHFORESEME->THA-k) %
HETELDTHL, TOODOEBEEREL L TYCy,
O,.. DB E % 4T o 72 (6. 8) . 7 BBa0,%Cu0
DO HERIZIFF /N E Vv, H6. 3D HH DI B, 2=0
Db DL TOFEFELT OB EDLZ VDL,
X Tz OHEHBIZDHIRDS M B, ZOLH) %I L%
ZRE LT, M6 6ITHRRMED,LLRDOzy £ LT,
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BRI sk 72X AR I X By OHEEBE(HA) D H min min
BHEHTAE, ALTT—/S—CORERSEE)T 3%° 08
ROHENRHTE D, 22 TLYEERFERCT 7 Ba0,/VLBCO | /77 BROA/LBEO
F—N—TmR L7 29 LTEREMIZKRD Iy DfE 0 010203 0 0.1. 02 0.3
E, XIEFRREE 1D X > THEREREEIC L > T Xcray intensity ratio
BIFT—EZ0EICNTAIENESNLTHA S, +— Fig. 6.9. Molar ratio versus X-ray intensity ratio
JS— K — 7T DOYBCOE K O EADLETIL, A for mixtures of BaQ,- (a) YLay,Ba,
DB H T B R BRIy kB AT CusOsy 0r (b) LaiBay,CuOy. Intensity
V7S, ASEDERIIC YL 5 TFOBIEOLEIRE N of (013)+(110)+(103) of YLaozBalvbgCu:gOm6
or La,,Ba, Cu,0,, is compared with that
Fzo L LZORIR, WEO7+y ORKMET7%75~ of (002)+(101) of BaO, "Max" and
THILHEE T L Vo LRBETH > T, YBCONF —/3— "min” mean maximal and minimal mol
F—3 o ZCHER SN, B4 —/N— F—7H ratio of BaO, expected.

Bl ATy O & IR F S0 5 EA&ICE
5 ERITEBEFERORITZ ZTIEET S,

6. 2 YLa,,Ba Cu;0,u, H & La,,Ba;Cu,0,,,

DEEERK EBIEE
YBCOD Txf F— 72 OBBIEFEATH Y, £7: 100

HERORT EIAHERVICER 295, 012354
ECTHIDRERRDLENDS ) TITEALD

Yield, 9%
k

!

yj/{

#3La, ,Ba, ;Cu,0,,& YLa,,Ba,Cu,0,, T 5 o HIHE IZ a
X, La/Bad a4 L BEETAH 2L IDE X R
T, BMEOMRBIZ LV FNPEESN LD TR BV X

7, OWREEMZRL BSH Y, HEIILa-Bak & Fig. 6.10. Yield % of (a) YLay,Ba Cu;0;y, and
YBCOE % i S BILHEET A0 TH A, WTFND (b) La,,Ba,Cu,0,y, versus supplied

oxygen content x.

HECTOERFTEPFEREINTEN™, BREMEDYLia,
Ba,Cu,0, DI HE S N/ZETH Y, La,,BaCuy0;,12
BPREEE 5252 EDTEL, HEWEETZFRFN
BERINLCHETELNT,
FEERIIYBCODH A L& F LT, AYRED7:
WIZETFMEERCTY-La-Cu-OR D FE T TORIE
%, La-Cu-0FR TidLaCuO, & CuOD AFFFET 5 2
&, LaCuO,, Cu0, YCu,0,, lEEWIZRIE L 2w &k
EEREDIDT, INLDORFEREHVASE, Yla,Ba;
Cu 0, D EEREIEWE DG E
YLa,,Ba,Cu,0,06t (1 /2) O,
=k YLay,Ba, sCu;0; 461,
+(1-k) (YCu,0,4, +0.2LaCu0,+1.8Ba0,+0.8Cu0) (3)
AL L (B Lx>04,0=2=<04), La,,Ba,Cu 0,12 %F

LT, #>07T Fig. 6.11. Relationship between x and y, where

La,,Ba;sCu;0;,+ (x/2) O, and y are supplied and absorbed

=k Lal,ZBal‘SCUSOIZ{V oxygen contents, respectively. (a): YLa,
+(1-£) (1.2LaCu0,+1.8Ba0,+1.8Cu0) (4) Ba,:Cus0rpsr, (b): La,,B2,:Cus0r,
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Fig. 6.12. Cell parameters of YLa,,Ba,,Cu,0, 4,
Open squares: starting material, open

circles: heat-treated under pressure.
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Fig. 6.13. Cell parameters of La,,Ba ;Cu,0;,,.
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Fig. 6.14. Magnetic susceptibility versus

temperature of La,,Ba,,Cu0;,, at 3 =
0, 0.1 and 0.2.
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AR OEEL D 5RO B 72012, B & Ba0,Il2
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Fig. 6.15. T, versus y for YLa,,Ba ,Cu,0; 4.
Open square: starting material, closed
square: treatment time of 025 h,
closed circle: 1 h, open circles: 2 h.
o
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Fig. 6.16. Volume fraction of superconductivity
in  YLa,Ba, ,Cu,0;4, Open

starting material, closed square: treat-

square:

ment time of 0.25 h, open circles: 2
h. A dotted line is drawn to indicate
the sudden rise in volume fraction of
superconductivity estimated for y>
0.5.
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FRIPEy 2 B6. 11IIR T, HBFEHDZEALIZHG. 12,
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OB, La,BaCu,0, ClIEBEFIEL 5L, T,
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w9 (H6.14), 0L ETERTFERICOEEND
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IX80K Td 5 A R MG T ICEIRE LT 5 L L
BERFR & & D IZ50KE TTFAYY, Ly DHEMIC L -
TERLTIZIZIKIZIEE A (K6.15), D &9 H1E
MIIBEEAREERTH FAET, FEEROREH24%
Rol-ONEREBELETIO% T TTNY, Z2071%
20%F2E F CHEET A (K6.16), £ 2 AT, ZDIXS6.
16 TIEy> 05 THRIZERE S EIFAL LV o T A
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Y, sPr.Ba,Cu, 0.+ (x /2) O,
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+(1-k) (YosPry,Cu,0,,, +Cu0+2Ba0,) (5)

T EERD 5, BaO, & Ul X#REIHTARGEE 12D
TYBCODWED & 512, (BEEEH)=26X (EN L) DB
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Fig. 6.17. Yield % of Y,.Pr,,Ba,Cu,0,,, versus

supplied oxygen content x.
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RIS 197, BABDYY,.Pro.Cu,0,,, , CuO, Ba0, 2%
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Fig. 6.18. Relationship between x and 7+y for Y,
Pry,Ba,Cu,0y, where x and y are sup-
plied and absorbed oxygen contents,
respectively. Error bars are due to
-0.15 = z =0.15 in accompanied Y,
Pr,,Cu,0,,.
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Fig. 6.19. T, versus 3y for Y,.Pr,,Ba,Cu0,,,

Open square: starting material, open

circles: heat-treated under pressure.
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Fig. 7.1 X-ray powder diffraction profiles taken with CuK o radiation. The upper is for «
-YbV,0g monoclinic, P12,/nl, a=9.0660(7) A, b=10.6244(10) A, c¢=5.7622(6) A, 5
=90.195(7)° . The lower is for B-YbV,0y monoclinic, P2,/n1l, a=9.0625(7) A, b=
11.0086(9) A, ¢=5.7655(5) A, « =105.070(7)° . Asterisk marks in the lower indicate

pyrochlore phase as impurity.

Table 7.1 Lattice parameters of «-LnV,0, (monoclinic P12,/n1) and £ -YbV,0, (monoclinic
P2,/n1l) phases determined by powder X-ray diffraction. The diffraction data of «
-LnV,0, (Ln#Yb) were analyzed by RIETAN™.

phase a/A b/A c/A a /deg B /deg V/A®

a-DyV,0,  9.1325(2) 10.6881(3)  5.7784(2) 90.193(2) 564.02(3)
a-HoV,0,  9.1151(3) 10.6730(3) 5.7748(2) 90.188(3) 561.81(3)
a-Erv,0,  9.0985(2) 10.6559(3)  5.7708(2) 90.184 (3) 559.49(3)
«-TmV,0,  9.0829(2) 10.6399 (3) 5.7668(2) 90.185(3) 557.30(3)
a-YbV,0,  9.0660(7)  10.6244(10)  5.7622(6) 90.195(7) 555.02(6)
a-Luv,0,  9.0567(2) 106122(2) 57607 (2) 90.186 (2) 553.67(2)
a-YV,0, 9.1148(2) 106739(3)  5.7743(2) 90.194 (3) 561.78(3)
p-YbV,O,  9.0625(7) 11.0086(9)  5.7655(5)  105.070(7) 555.42(6)

TLuV,0,(7.93<x <805) DE A # 27, HEIE  Lovo, & V,04 5, 1473KT « -LnV,0,(Ln=Dy, Ho,
BRI R (H7.2), SA a7 0 7HICSEE Er, Tm, Lu, V)58 51 72(3R7.1), 1623KT 3
BiE 2 <, Yb VO o DML & #70 (B17.2) s BAHIRR  -LuV,0¢%%, 1673KT 8-LnV,04(Ln=Dy, Ho, Er, Tm,
HEHIEME LB R TRy, REOBEHE  Y)PBO NN, FERMYOL % g HEEHLE
YbV,0, o DAL ARF K 2> 515720, A & LTosg STV,

D uT7HEEC 7D, g HDOMB O % RE LR O BF e 12197 C ¢ ~LnV,0s (Ln=Dy, Ho, Er,
WETERVD, o HOBEHESSYDV,0, & Fham L 720 Tm, Yb, Y), B84 07 a7 H(Ln=Tm, Yb)

Ln#Yb®D o 18, BHDEM &2 A 2¥, LaVO,, PHbhhrolDld, NSHEOMBETH 5,
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Fig. 7.2 Phase diagram of the YbVQ,-YbVO,-V,
0,-V,0, system at 1473 K. (A) «
-YbV,0, (B) Yb,V,0,. Solid and open

circles show single-phase and

multi-phase compositions, respectively.

1473K &, LaVO,2»5LaVONDETCIE, AT 5
LavVO, 623 07 u 7HADEITT L D b HHHEHE
F72, LaVO,;&ELaVO,DREW S D34 1 7 107 4
DEFBUSTE Y, FHE, 1473KTYb,V,0, % & T8
Wi, 1 HOMETIZFEIEYT, &KL 1HED
M2 (2-3 H)RE L7z, il 5 D1473K T D2k
M (6h)*'7i, Lu,V,0,& LuV,O,DAERIZIZTESTH -
72, MORTRAT G Tholz Bbis,

7. 1. 2 o-, B-YbV,O,D#EREE"?

(a)  a-YbV,0,

FEHE, [100], [010], [001]A1AID & & A540.050mm,
0.030mm, 0.076mmD HAEHE TH 5B, WEid, £ T
Hfaih L /2MoK « (A =0.71073A) % >, Enraf-Nonius
CADAEHTETC & B 293K CTHT o 72 M T EEL 22508
D260 A (61°<26 <67°)THREL 2, ((l4=h <14,
17k <0, 0=1<9, 20 <70°) & (-12£0 <12, 1
E=14, -8=1=0, 20 =60°) ® #i FH T430618 © [l #7
SHEE A L7z, &IERS27.1hTOS%DHENH
D, MILOMEREMIELTT R 572, FIEICHT 5k
IS H IF 4 #5013 1.458-2.208 D & B T & » 72 (£ =22.958
mm”) o 36131 D IEFM E S & SEERFRI2/m 1% R
ELTCEE L, 7% 2447 KE (FIZDWTR,, =0.012)
15, I1>150 (1) % {72 21325 &% % AT 12 »
720 HEEETIVIE Y — v VBB MERSE CE
U7z R O FHELR F & B8 4 HoE i s

BOTE

DE%E B2, B85 2= 1L, HESRHEDS
T A—4% LT, MIEN®IZ X D) FEICHED ERBEL
L7,

(b)  B-YDbV,0;

AL, 0.040mmX0.030mm X0.070mm® A &4 T &
%, Enraf-Nonius CAD4[EI#FEHZ & 0, BEEFTHAEL
L 72MoK  (A=0.71073A) & W T, Z|RTHlE L
720 MFEHIT, 24RF D260 1 (549° <26 <596°)
7 5a=903005) A, vb=2144(3) A, ¢=5752(2) A,
« =89.911(3)°, 5 =90.004(3)°, 7 =90.004(4)°&
oz, ALy MITRAEHHTIO THY, HE—a
A STNTWESE EARED, AR LOHEB
iz T0sh =12, 295k <29, 0=1=8, 20 =60°
OFFCEPTEE 2 WE L. £35160E LT D9
L, 1> 6 (1) %72 $2998K 8 & f v 72, p=23.1
mmIEDE, WIUEIEE TR o 72 (FIZx 4 AH1E
PRE1.373-1574), 4 ROER R k&, B
2/m1LZFEDWTHEE LT, 1515 DT % AT A
bhiz, 209 b, EBRIFEELE ZIT 72 A3 1261
% (R,,=0.017) TH %, P TIX, B-YbV,0,DHE
EYbEVON DDA O ABEAREE L LT
WLTCW5BED, 22T, AR CESFET L
ZEMIBEA2,/d 1MZED C BB 2 845 5, PHIE
F DR FEELRF & 8BE BRI SO o E 2 v
72 FEENT A= 51, SHBEEIHIGT 5500
Ay — VRT EHEERFHED /ST 2 —5 (1) &3
(2, FMLSMZ™IZ& Y, XY OFETFEIZEDS W
THEILL,

B-YbV,O,DZEBEL, Hi#Ze 5L, P2/nll TR
BN A (7 I3, A2/d11E B0, «
O REEE OLBIZHET L v, H7.31IIRTA
BFORFERNS, PRTOBFEHERDS L,
a=9.030A, b=11.097A, ¢=5752A, « =10494"L
%Y, BEREHF»LOET7. 1, K7D LEEICESR
Bo COA—BUIHEFHRPNETH S Z L, BHKME
17— & OB IER &R & 5 HF5 OBEBR S
WHHIEILLDEEZOND,

B7. 312 [001] A2 & R7z a-, B-YbV,0,D # &
&L RT, WM& («-YDV,0) =c¢ (B-YbV,0y)
=2¢ (CaFe,0) T il 729, AN T LT T4}
(CaFe,0,) HE1E" (BL /TR R, Prnam) DBHEETH 5,
CaFe,0, TlL, BT 2%2=1/4, 3/4DPnam O SH L
WZHBH, a-, R-YbV,O,DEFEFMBIENIET S
HPrbTNTW5b, o fl, pHEOEERNTTI,
Vim)evim+2) B L U0m)k0m+d) (m=1, 2;n=



FBIRZ v & Y EAERAIZBE§ B 5%

)
n 31 20} fiY)
) 5 (5) «5) Y
) o 1) 3
i P 3 14((3;) )
4 2N
e s 45y l3(<51)) S
) 1) 3% 20
] 3(7) P 17 il
A1 X 2(1) w1
Q)
108 25) 1(5) 4(5) 35

Fig. 7.3 Crystal structures of «-YbV,0,(upper,
monoclinic, P12,/n1, a=9.0648(3) A,
b=10.6215(4) A, ¢=5.7607(1) A, 4=
90.184(3)°, Z=4, R=0.030, R,=0.
029, w= ¢ *(F), -4.988< A p =<4.99%
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A, «=89.911(3)°, Z=8, R=0.029,
R,=0.032, w= ¢*(F)) viewed along
[001] drawn by ATOMS®™. Octahedra
and circles indicate VO, coordination oc-
tahedra and Yb atoms, respectively.
The numbers out of parentheses show
types of the V atoms. Odd numbers in
parentheses indicate approximate z coor-
dinates of the V and Yb atoms multip-
lied by 8.
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Fig. 7.4 Locations of Ca or Yb coordination

polyhedra in CaFe,O, (upper), «
-YbV,0, (middle), and B -YbV,0,
(lower). Fractions express z coor-

dinates of Ca atoms in terms of «
-YbV,0, cell dimension (upper), ap-
proximate z coordinates of Yb atoms
(middle), and those defined by the A2,/
d 11 notation (lower). Trigonal-prism
type O atoms are located at the corner
of triangles. Circles show planar-trian-
gular type O atoms. The planar-trian-
gular type O atoms are shared by two
Ca atoms in CaFe,Q,, but are not shared
by two Yb atoms in - and g
-YbV,0,. Broken lines indicate bonding
between distant O atom and Ca or Yb

cation.
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Fig. 7.6 Lattice parameters versus x for BaV,,
O,. Open and filled circles indicate
single-phase and multi-phase regions,

respectively.
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Fig. 7.7 Projection of the structure of Ba, ,V,
0,; (tetragonal, I4/m, a=9.9805(2) A ,
¢=2.8755(1) A, z=1, R=0.016, R, = 0.
027, w= ¢ 2(F), -0.609= A p =0. 640¢
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Large and small circles indicate Ba and
V atoms, respectively. The y coor-
dinates of open circles are 0 and those
of filled circles are 1/2. Open and hat-
ched tetragons denote coordination oc-
tahedra of V atoms, whose V atoms’ y
coordinates are 0 and 1/2, respectively.
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Fig. 7.8 Ba-configuration in Ba, ,V,0); in the tunnel along [001]. Dashed lines indicate

unit-cell boundaries. Circles and triangles show the Ba(l) and Ba(2) sites, res-

pectively. A set of solid circles and solid triangles shows an example for pos-

sible configuration of occupied Ba sites. According to the space group, [4/m,

which has the center of symmetry, numbers of & and W should be equal.
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92.417(5)°, Z=1, R=0.040, R,=0.
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atoms and V atoms, respectively. The y
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those of open circles are 1/2. Hatched
and open tetragons denote coordination
octahedra of V atoms, whose V atoms’
y coordinates are 0 and 1/2, respec-
tively. The V(3) site is a vanadium defi
cient site so that its coordination oc-
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Fig. 7.10 Coordinations of V(3) and Ba atoms
drawn with ORTEP II".

operations are shown in Ref*.

Symmetry
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ey —b~0v MEFT, 20KCO/NA 7 v bxPETHHR
Eolig, #, B 774 VOREERLED
5, NaVOIEEENC LY, RNABARP6/ mme #H0 5
N AP 6me M ERETHERACm 2N, =D
DFAEEMERL 2 RT I L2 RWZ L7,

MgAl,O4
cubic, Fd3m

AV¢On

hexagonal, P6s/mmc

BaF612019

hexagonal, P63/mmc

Fig. 8 1 (111) sectional view of cubic MgALO, (spinel), and (110) sectional views of hexagonal

BaFe,0, {magnetoplumbite-type) and hexagonal NaV,0,,.
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SR 7 — & 21872, W72 B NI SR T oG RE?
2o 72 o & FE—T, [410], [230], [001]D&J5
o X 2%020mm, 0.17mm, 0.08mm® HLIR & TH
Bo B THEL2MoK « (A=0.71073A) % F\v,
Enraf-Nonius CADARIFTENC L WHIEE L7z, WERN
A O E V) THEHRE % 200KICHHE L /2, BT
T 5, NHRROMMEEh=kDE & =20k
LB AR L7, P ERIT22RE D260 /A (82°<2
g <90°) THE L7z, 0=h =9, 0=k <5, 0=]=26,
Il =1lkl, 20 <90°%i7F, hkl/hkikxfOET
SREE A lE L7z, R1258MERET D) B, 1>1546 (1)
% i 7291217 B & AT I . Al ERERT102.10
TIFEIL01BLAINTE - 72 DT, BRERBEMILE TR
ot FAEICR 3 2 W IE AR %5013 1.336-1.758 D i
B7Z o 7z PR F O FEELR T & B 5 0EIE S
BRODME % 7z, g NS A — 5 1F, THEMREMIE
DINT X —% LI, SDP I LY FEICED W T
L L 720

200K1Z 351F 2 W RE 7% 2SI BE IR P 6,/ mme, P62¢c, P6,
meTHb, [>156 (I) &/ 1217E O LR E %
HWTINhs 2 B—RE LR, P6/mme P62
TIBNT IS, P6me 12X BIENFTO RSB L
72 (£8.1), 200KTHOHENHE, R CHITEELH
FHIE L, =20 ZEMBELISERL -&HE, P6,/mme
IR - T\Wiz, NaV,0,13200K-ZiRH D0 b 5 iRE T,

975

P6,/mmec -P6;me DU M e EMARE I T, P6,
me \EP 6,/ mme DIEFEBR KT HEDO— 292D T,
P6,/mmc-P6mc BT ZRKTH 5, LFELDI2ITED
KETBREE &, 6mm TV TEY LB T2
11838 D K4t E (FI2 2 W TR, =0013) 2 HHWT,
FS1IDET NVDIZEDWT, 200KTOHE/XT X —
Y & REEib L7z, R=0022, R,=0039, w= ¢?*(F),
A/ g <0005, -218<Ap <2.04e A3 TH o7z,

8 2 RAEBZPOmcHIPLRFESR Cme23H
AND RIS

8. 2. 1 ®EKEFEU— AT

HEBILERL, p AE&ENREBOMSEEY
ARB I, 0K TOKRMFERE TR o 72, Pl
FEHHOFEEE, Navo,, V,0, V,0,02:4:1DF
WILIREW %, Pth TV E W AREEE X
D, BRAREEISKTINEL L TE, HARE T
AT B8 #E B 98 FTTRR-3MJF OHRPD' ¢, 106.5KB & OF
SOK TRy R HEFRIT7T— 7 (1=1823A) 2157, &
BaENFIY AAEECANR, FOEEZTIVIZT A
F X UN—=IZAN, FroN—WEHe T’z L7z,
FEHLE (I He B B CRRET L 72,

WARXBEIT T — 1%, YE L5 TEEA T O
MACH 4 = ¥ At ®MXP3E #7 5 (CuK e, #7
BT/ 7 U A S EHFOVDLWL TR
FH)CHE Iz, YO F T2 LR EINBRE
993K) THF7zNaV, 0, B sk 2 i &, EIREE ZE5 <72
O, BIFFEMFEREOE 2 54 C(er T — A REEH])
BLOTE M ERITREL, HRERVWZLOER

Table 8.1 Space group examination on NaV.0, at 200 K using the 1217 reflections with I>15

o (I). N, is the number of structural parameters.

n

Space Group Model N, R R, ApleA”

P 6,/ mme A 24" 0.093 0.178 -2094< A p =+1815
P62c B 24" 0.087 0.171 -22.13 +15.83
P62¢ c 24° 0.087 0.171 -22.10 +15.88
P6,me D 43 0.023 0.040 -2.56 +2.05
P6,me E° 43 0.023 0.041 -2.57 +2.06

* Anisotropic thermal parameters cannot be assigned to 0(2).

be assigned to neither O(1) nor O(2).
from those of models B and D by changing (x, 3 2) to (-x, -y 2 and {(x, 3 -2), respectively.

* Anisotropic thermal parameters can

¢ Starting atomic coordinates for models C and E were derived

Both P62¢ and P6,mc include mirror planes, so neither B/C pair nor D/E pair is an enantiomeric

one. B and C, or D and E are essentially congruent, but differently related to the external form of

the specimen.
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Fig. 8.2 Neutron powder diffraction profiles of
NaV,0,. (a) and (b) show 006 and 220
reflections, respectively. (O) and (&)
indicate data at 30 K and 1065 K,
respectively.
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Fig. 8.3 Temperature dependence of the 220
powder X-ray diffraction of NaV.Q,,.
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Table 8.2 Diffraction intensities (counts s”) of Bijvoet pairs 001/00! and hkO/hk0 at several

temperatures. Anomalous dispersion terms'®:

0530 (V).

Af7=0006 (0), 0025 (Na),

Af =0008 (0), 0.030 (Na), 0267 (V);

Errors are estimated to be 2Xintensity'”.

X-ray generating power was 50 kV X120 mA except for the measurement on 220,

220, 420 and 420 (40 kV X80 mA).

001 300K 20K 300K2 k0 100K 20K 100K2
002 25504101  2735+105 400 640451 685+52
002 25804102  2491+100 400 630450 680452
040  688%52 764455
004 31144112  3382+116 040  701%53 760%55
004 32074113  3090%111
600 1202469  1364+74  1135+67
006  83+18 83418 600 1097466 1395475  1073+66
006  87+19 74417 060  1426%76  1466+77  1288+72
060 1314472  1400+75  1242+70
008 35194119 38994125 36964122
008  3589+120 3630+£120 3750122 220 2210494  3498+118
220 2239495 35724120
0012 25044100 30154110  2729+104 420 2166493  3373+116
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curve of the 220 single crystal X-ray
diffraction of NaV0,,.
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Table 8.3 Summary of the structural phase transitions in NaV,Q,,. "Curie-Weiss”, "paramag” and

"spontaneous” represent Curie-Weiss paramagnetism, paramagnetism and spontaneous

magnetization, respectively. "+" and ~

_n

indicate the sign of gp /T "+, "+ and

"+++” indicate gentle, moderate and steep g p /9T slopes, respectively. Atoms are

shown with their positions.

mag. Curie-Weiss 240K paramag 64.2K  spontaneous
ar./aT + 245K - 80K ++ 64K +H
P6,/mme(hexagonal)  242.7K P6,mc(hexagonal) 80.1K  Cmec 2, (orthorhombic)
Temp. room temp. 200K 30K
al/A 5.7123(1) 5.7049(2) 5.6814(2)
b/ A 9.9040(4)
c/A 13.0974 (4) 13.0796 (8) 13.0621 (5)
Z 2 2 4

V(1) V(1) 6g V(1) 6¢ V{la) 4a
V(lb) 8b
V(2) V(2) e V(1) 2a V(21) 4a
V(22) 2a V(22) 4a
v (3) V(3 2d v(3) 2b V(3 da
Na Na Z¢ Na 2b Na 4q
o 0(1) 12k 0(11) 6¢ 0(11a) 4a
O(11b) 8b
0(12) 6¢ 0(122) 4a
0(12b) 8b
0(2) 0(2) 6h 0(2) 6¢ 0(2a) 4a
0(2b) 8b
0(3) 0(3) 4f 0(31) 2b 0(31) 4a
0(32) 2b 0(32) 4e
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sample with Hll ¢ and Hlc.
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Fig. 9.5. Cu NMR spectra at 130 K and 85.3
MHz of the aligned B-1245 and B-1223
powder sample with Hlc.
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Fig. 9.6. Frequency dependence of NMR fre-
quency shift of ®*Cu NMR narrow ab-
sorption line at 130 K of the aligned
B-1245 and B-1223 powder sample with
Hle.
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Fig. 9.7. "B NMR spectra at 130 K and 624 T
of the aligned B-1245 powder sample
with H{l ¢ and H.lc.
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Fig. 9.8. Temperature dependence of resistivity
within (001) plane of NaV,0,,.
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Fig. 9.9. Temperature dependence of ordinary
and extraordinary Hall coefficients, R,
and R,, of NaV,0,,.
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Fig. 9.10. 'V and ®*Na NMR spectra at 300 K
and 88 T of one single crystal of NaV,0,,
with H | [001] and H.L[001].

7o, ©=725" £1075° Tid 1 KON ATEIHE &
N, ZOMEIL0=413" DOBEITITITE L v, X9
THZR L 7-NMRIRIIGRR 1, & TR RIS E MR VA
A MURBENERELDTH D,

A Y YI=7/20"VENMRIZ, BRIUEMMEE
D1 ROEENT L > THOHRE 33 OB 58
L, #OMAiREIF7:12:15:16:15:12:712% 5, oV
KD EH ) ORFTHREDS RO & &, KfFREm & 5t
BEHORTAZ LT L, BROMBIE (Y, /2)
(3cos® 0 -1) DA ERIFEE D, TOHE, 65547
£1253° D& FEBIETFCBICER D 1 ARORIGE
ZIRT o NaV,O, D EBEENICIE =00 RL 52V
444 VA, V@), VO IFERET L, Bl
b A OHIZZ=2T, BEPIZ2EOV(3)
YA MDD, VE)EFAEI[001] 8% 3 Fidh & 3

300K, 88T

©=41.3°

0=72.5°

0=107.5°

one

©=138.7°

1 1 1 1 ! 1
974 976 978 980 982 984

Frequency (MHz)

Fig. 9.11. Angular dependence of *V NMR ab-
sorption lines of NaV,0O,, with a nearly
zero NMR shift at 300 K and 88 T.
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Fig. 9.12. Schematic projection view of the V(1)
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Fig. 9.13. V NMR absorption lines having the
NMR frequency shift of -2.3, -0.423
and -0.036 % at 300 K for ®=413° ,
where © is the angle of the mag-
netic field with respect to [001] axis.
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Fig. 9.14. Frequency dependence of NMR fre-
quency shift of ™V NMR absorption
line for ©®=41.3" at 300 K.
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Fig. 9.15. Temperature dependence of *V NMR
spectra for ©=413" at 88 T.
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Fig. 9.17. Angular dependence of the central line
and the satellites of *Na NMR of NaV,
0, at 298 K and 94 T. a) The fre-
quency interval between the central
line and the symmetrically placed satel-
lites. b) The frequency shift of the

central line.
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Fig. 9.19. Typical ESR spectra of the (100)
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magnetic field perpendicular to the
[011] axis at room temperature with

the microwave frequency of 9.770
GHz.
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Fig. 9.20. Angular dependence of the ESR line
positions of the (100) porous Si film
rotated about the [011] axis at room
temperature. Each ESR line is as-
signed to its site. The triangles show
the spectra, whose two component lines

could not be separated.
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Fig. 9.21. Typical ESR spectra of the (111)
porous Si film for a rotation with the
magnetic field perpendicular to the
[111] axis at room temperature with

the microwave frequency of 9.777
GHz.
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Fig. 9.22. Angular dependence of the ESR line
positions of the (111) porous Si film
rotated about the [111] axis at room
temperature. Each ESR line is as-
signed to its site. The triangles show
the spectra, whose two component lines

could not be separated.
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Fig. 10.1. The occupation domains generating
cluster centers. Our model (the in-
nermost decagon) and Burkov model
(the middle decagon).
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Fig. 10.2. Our model (a) and Burkov model
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of each decagon in (b).
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Fig. 10.9. The occupation domains of a
5-dimensional model of the high
temperature phase in decagonal

Al-Ni-Co quasicrystals.

Al-Ni-Co

quasicrystals along the 10-fold axis.

Fig. 10.10. Projection of decagonal

o
.. e 6000 © ...

Fig. 10.11. Diffraction pattern of decagonal
Al-Ni-Co quasicrystals. White and
brack circles represent main and

satellite reflections.
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Fig. 10. 12. Occupation domains of a 5-dimensional
model of the high temperature phase
in decagonal Al-Ni-Fe quasicrystals.
The centers of (a) and (c) are at
(0, 2, -1, 1, 1.25)/5, and those of
(b) and (d) are at (0, 4, -2, 2, 1.
25)/5. There are 40

domains in a unit cell which are ob-

occupation

tained from these 4 by symmetry

operations.

MV RGBS T E Y, BRI B EECKTEIC
BEREMGHIA SN T, FHXEIZOAB NS,

O &) IEBANIZEMEECEHHPITE 2V, —
FEETIE 1 2ORFUELY 2 DDORFHIREHNT S
OAHZEN LI LETHE, 2OBEL - ZEFH
DTHREFMBEIHENVELL NI EHEHL, 2D
ZEEH A REBRIORKRE R S b, Tt EAZE
M (R B CHHTE A2 Lo Tz Bl
HOBE S A Y OUUTIC L o C, BEFEIED 5
e, FREEHBISENSG, TOHE3
FEORFEEL LTREFMNBEORRE AL VM EDE
WBLOTAE Y ORERELELELLDEEZ L,
AY Y R & WREI PO EE Wbl b,
B & TR E LR F R EOERBIRFOMEE %
ANz B EEZ D,

1075 S Al-Ni-Feld fFR 0 2 B R W & D
ERELTmeN T3S, 8ARIIIHIST 5 EHT
B EICEREECL DL SNAHMERFPR OIS Z
ELHHENTWAEY, o &) R KEIEAI-NI-Fe
HAEL 721 T {, 10/ &AI-Ni-CoDCo-richfll & T
bRONS, Lo LEREDFEEIZOWTIEAHT
Holze BAGINHHINNSICL » THR S /-l

®)

RPN FT T
e @eo0e om0 -
CQeoQuen s creeBoi® - o
MDY SRR S T

. o-......o.......o .o

- - - -

(© (d)

Fig. 10.13. Diffraction patterns of a model of
d-Al-Ni-Fe quasicrystals with space
group P, 102m’. The zero-th layer
normal to the 10-fold axis (a), the
first layer {b) and two layers nor-
mal to them (¢) and (d).
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Fig. 10.14. Four independent occupation domains

used in a 5-dimensional model of
decagonal Al-Mn-Pd quasicrystals.
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color figure, see ref. 20.)
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Fig. 10.15. Projection within a half period of
decagonal Al-Mn-Pd quasicrystals
10-fold axis.

triangles, squares and pentagons are

along the Circles,

atom positions obtained from (a)-(d)
in Fig. 10.14 and their color repre-
sents that they are obtained from the
parts with the same color.(For the

original color figure, see ref. 20.)
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