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Abstract

This research report will provide the results of
investigation on the rare-earth orthoaruminaates
(RAIQ,, where R are rare-earth ions) from FY 1996
to 2001.

The RAIQ,; attracted initially much attention
as the substrates material for the high-Tc¢ ceramic
superconductors especially Bi-Sr-Ca system. This
is due to good lattice matching, high thermal con-
ductivity of the RAIQ;, etc. only except the phase
transition at around the temperatures for the
epitaxial growth of the ceramic super conductors
together with existence of the twin which prevent
the application of RAIO,, to the substrates.

We found the very string emission of ThAlQ,
at room temperature. It is well known that the
emission of the phosphor or laser materials is
proportional to the ion concentration up to about 0.
5 9% then the emission intensity will decrease with
an increase of the ion concentration and they never
emits about a few % or more of the concentration.
In the RAIQ;,, it is surprising that it gives string
emission even containing the emitting ion with
10095. This is the major reason to propose this
group theme.

In addition to the research in optical properties
of the rare-earth orthoaluminates, the investiga-
tion was conducted on the single crystal growth,
especially the Magnetic field applied Czochralski
technique is developed, and the investigation on the
electronic distribution or defect characterization
by the positron annihilation technique and other
field of investigation. In this document, we will
present the results obtained so far; however, it not
sufficient to conduct the research on the rare-earth
orthoaluminates comprehensively within the lim-
ited five-year research period.

In this report, each chapter was written by the
member researchers. Chapter 2 will describe a
novel technique of the Magnetic field applied Czo-

chralski (MCZ) technique which makes it possible

to grow single crystals, for example, Ti0O,, which
have not been able to grow by the conventional
Czochralski technique. The results are reported for
the application of this MCZ technique to the synthe-
sis of glasses.

In chapter3, the results of optical investigation
on ThAIlO;. The Stark splitting scheme is present-
ed by a detailed analysis of the optical absorption
and emission spectra at liquid Nitrogen tempera-
ture (LNT). It is also discussed on the possibility
of the laser oscillation of the ThAIO, to give the
same magnitude of the induce emission cross sec-
tion and only 3 time larger threshold value of the
population inversion to those of the well known
laser material Nd:Y;Al;O,, (Nd:YAG).

Chapter 4 describes the unique analyses by
making use of the positron annihilation technique.
This technique is very sensitive to the lattice
defects and much information is able to get for the
electronic structure of the defects and their environ-
ments. This technique is applied to the three
TbAIO, samples which are different in the oxidiza-
tion state. The result of the lifetime profile is
compared with that from the oxygen diffusion
experiments; however, it was hardly possible to
conduct the complete analysis on the electronic
structure of defects and that around them. due to
the complex crystal structure of TbAIO;, etc. The
two dimensional angular correlation analysis (2D-
ACAR) is also applied to the semiconductor single
crystals such as Si, SiC, etc.

In Chapter 5, based upon the theory of Rietvelt,
the powder diffraction analysis programmes have
been developed for the X-ray, y-ray, neutron, SR
radiation diffraction technique. These pro-
grammes are available for various kinds of com-
puter OS. This method provides the technique to
analyze the crystal structures for powder diffrac-
tion without any use of single crystals polished for

the 4-axes diffraction devices. The first pro-



gramme named RIETAN has been used widely, but
the improvement of the programme has been con-
tinuously tried. By introduction of partial profile
relaxation and the Maximum entropy method, the
programme has been extended to a multi-purpose
profile fitting programme together with the func-
tions of Le Bail analysis, individual profile fitting,
etc. The description will be described in some
detail and the application of the programme is also
introduced for several compounds.

In chapter 6, the results of investigation are
presented on the magnetic properties of the garnet
structure compounds M;Fe;0,, (M=Gd, Tb, Dy,
and Ho) and spinel type compound VCo0,0,. The

negative pressure coefficient is found on pressure
dependence of the Curie temperature of the in-
organic compounds for the first time in the world.
The pressure media were also studied for the
research on the pressure effects to the magnetic
properties of oxides compounds.

Chapter 7 provides the application of Le Bail
analysis to the alumino-silicate compounds with
very complex structure. We have got satisfactory
results of the ab initio analysis to such compounds
with complex structures. This method and pro-
gramme is found to be very powerful tool for the
powder crystal structure analysis for the X-ray, ¥

-ray, and neutron diffraction techniques.
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Figure 2.1. Magnetic portion of the Magnetic filed applied
Czochralski system.
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Table 2.1. Growth conditions for TiO, under application of the

magnetic field.

Pulling rate of the crystal 24 mmvh

Crucible rotation rate 10-20 rpm.
Strength of the Applied magnetic fild 0.02-004T
Cruicble material and dimension Iridium
(50mm® X 50rmmh X 1.5mum)
Atmosphere Nitrogen 100%  2l/min
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Figure 2.2. An example of the grown crystals by the Mag-
netic filed applied Czochralski technique.
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Figure 3.1, Absorption and emission spectra of TbAIO,
grown by the conventional Czochralski method
at RT. Spectrum A is the crystal grown in the
reducing atmosphere and B denotes that grown in
the inert atmosphere. The emission spectrum is
drawn in reverse direction in order to be dis-
played clearly. Reduction of the absorption co-
efficient is not corrected at around 480 to 500 nm
caused by the emission through the probe light.
Spectral response of the measuring system is

corrected for the emission spectrum.
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Figure 3.2.Concentration dependence of the lifetimes for the
TbxGd;_xAlO; polycrystalline samples. Filled
circle at x=1.0 is the lifetime of the TbAIO,
single crystal. Dotted line is that of the Nd:YAG
single crystals reported by Singh et al. (Refer-
ence 12). Another dotted curve is drawn by
multiplying factor 10 to the original data. The
lifetime is defined as the time at which the emis-
sion intensity decreases to 1/e of the extrapolat-
ed initial value for nearly exponential portion of

the decay curves.
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Figure 3.3. Absorption spectra from Fy to 5D, transition at
RT (dotted line) and LNT (solid line).
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Figure 3.4.Emission spectra from °D, to "F, transition at RT
(dotted line) and LNT (solid line).
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Figure 3.5.Emission spectra from ®D, to “F; transition at RT
(dotted line) and LNT (solid line).
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Figure 3.6.Result of decomposition for the "F; to *D, absorp-
tion at RT. Solid lines are the component and
composite spectra and the circles are data points.
Agreement between calculated composite spec-
trum and data is good. R, and R, are the transi-

tions used for an induced emission cross section.
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Figure 3.7.Result of decomposition for the *D; to "Fs emis-
sion at LNT. Solid lines are the component and
composite spectra and the circles are data points.
Agreement between calculated composite spec-
trum and data is good. L, L;, and L, are the
transitions associated with expected laser transi-
tion and used for an induced emission cross sec-
tion.

Table 3.1. Results of decomposition of the absorption and

emission spectra between °D, and F, transitions

at RT.
Absorption Emission
Amp. Energy FWHM Amp. Energy FWHM
2.966 20680 2004 8343 20681 2072
3.025 20643 1601 13.19 20643 3227
2271 20634 1520
4920 20572 2129 1892 20572 26.60
1229 20564 7966 6362 20564 1386
03936 20494 33.03
6119 20484 5099
05112 20476 3133 2027 20475 3752
0.6796 20438 25.66 7765 20438 27.61
06930 20387 27.01 9715 20386 3327
07499 20364 36.16 1106 20363 41.63
0.8261 20329 2793 8675 20330 19.01
2169 20292 49.72 4490 20292 65.48
1.526 20222 3130 2246 20223 3206
2275 20219 39.61
03968 20163 3132 2057 20164 44.88
0.05595 20113 1138 7.360 20114 51.34
0.09563 20045 15.05 1238 20048 60.57
.3.738 19912 2635

(Tb:YAG) @ Th** o Stark ¥ELOREIH W H
O TIRTDOE =7 DZAINF—BAY VAT b
127 % & 51T Stark ¥ 2 RE LR % Figure 3.8
WRT o TANF —1T 3cem~! AN THRE Iz, BE
LTI RT £ LNT OY— 7 BEOELbERL
770 BFFEEIIA DB X Arsenev, Bienert, and Potem-
kin'® @ Th:YAIO, WDOWTDOMEHETH 5, Fs

Table 3.2. Results of decomposition of the absorption and

emission spectra between °D, and “F; transitions

at LNT.
Absorption Emission
Amp. Energy FWHM Amp. Energy FWHM
1570 20684 8.621 4312 20683 1116
11.65 20677 7377 3742 20676 1327
17.23 20646 7.084 6.888 20646 5871
2073 20637 8.800 9353 20637 7301
3540 20594 2717 13.42 20592 9.140
1097 20578 13.14 19.94 20578 6.688 R,
1153 20567 6332 3997 20567 9.400 R,
0.1650 20496 14.58 4034 20493 1140
0.1962 20478 15.50 7.206 20477 1349
01748 20439 1447 1628 20437 1448
0.0851 20393 6356 21.63 20390 1284
2719 20380 1347
0.2008 20372 33.18 2157 20368 12.86
1485 20341 12.80
2237 20325 17.89
62.82 20303 8.149
6745 20292 14.15
7207 2276 12.18
6.832 20251 1501
199.12 20227 2040

Table 3.2. (continued). Results of decomposition of the
absorption and emission spectra between 5D, and
"F¢ transitions at LNT.

3811 20209 6820
3239 20195 3673
1540 20167 24.81
11.00 20117 3675
3914 20052 3185
3462 19954 4555

Table 3.3. Results of decomposition of the emission spec-
trum for 5D, to "F; transition at LNT.

Amp. Energy (cm*) FWHM

15292 18535 (5395.21 nm) 27798

7370 18523 (5398.74 nm) 25851

11.062 18513 (5410.74 nm) 64497

6793 18497 (5406.26 nm) 58511

25.978 18484 (541015 nm) 63004

65.562 18473 (541331 nm) 26502

12593 18448 (5420.67 nm) 22510

17092 18432 (5425.24 nm) 3.0081

158.83 18421 (5428.45 nm) 30262

208.11 18415 (5430.41 nm) 43698

348.09 18405 (5433.38 nmy) 33678

40093 18390 (5437.85 nm) 45015

2577 18380 (5440.59 nm) 50087

173.76 18365 (5445.62 nm) 3.1851

134.57 18348 (5450.04 nm) 10171 L
T04.65 18336 (5453.63 nm) 0.9462 L
610.75 18330 (5455.63 nm) 07477

514.68 18319 (5458.69 nm) 47204 L,
18829 18302 (5463.96 nm) 74310

multiplet IZ DWW TIEALTL =Bl Eidvuzian
2, HS OREOFEREITHETHY, TR OEHER
OEFEERE W E# 2 T3, Karayianis, Wortman
KU Morrison i YAIO,HF O HEA 4 w220 TH
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Table 3.3 (continued). Results of decomposition of the emis-

sion spectrum for *D, to "F; transition at LNT

10130 18290 (5467.48 nmi) 8.1364
53.207 18272 (547288 nm) 7.1680
102.86 18259 (5476.75 nm) 10471
31749 18244 (548127 nm) 6.8189
5702 18225 (548710 nm) 12.689
8200 18205 (5492.90 nm) 19.068
16379 18183(5499.66 nm) 18,090
10012 18161 (5506.31 nm) 19,009
43868 18145 (5511.23 nm) 24429
15240 18128 (5516.45 nm) 27931
24981 18090 (5527.83 nm) 98.989
28267 18060 (5537.08 nm) 28.820
39770 18045 (5541.56 nm) 21667

17944 (55730 nm)

17195 (558.20 nim)

Table 3.4. Peak positions of the FT-IR spectrum at LNT at

wavenumber region for "Fg to 'F; transitions in

cm™!,
2531 2479 2451 2326 2297
2249 2234 2190 2166 2132
2004 2047 2030 1986 1960
1942 1923 1904 1892 1977
1862 1832 1807 1973
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Figure 3.8.The Stark splitting scheme for "F,, "F;, and *D,

multiplets established from the results of decom-

position and FT-IR peak energies for "Fg to "Fs
transition. The numbers in brackets are the
energy reported on Tb:YAIO; by Arsenev,
Bienert, and Potemkin (Ref. 13).
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M7 L, 2 0/ nltDEBIFIFE L THo T (ng?/n 2=
1.008) DT TbhAIO, (RITEDT —5 i) D
BEICD 1 EIRET %,

0% O R, TOBNURE o EBE No=4.84X
103ecm3 %2 H» T
0r**=a /N (3.5.2)
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Figure 3.9. Transient emission of the L peak excited by 337.
1 nm (N, laser) and 482.1 nm (OPO system). The
linear part of both curves are the same with

exponential decay.
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Figure 3.10.Variation of the absorption coefficient for R,
and R, peaks. The values are obtained through
measurements of the absorption spectra by
reducing the incident light intensity using neu-
tral density filters then decomposition of the

spectra.
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RO KEEOEHR, LIZHIERE, | Fv—9%
RERTH 5, rir, DHBEIZ0.98TH 5, NAYAG
DEFENY FIE Ay 134.53cm ' =136GHz TH 5,95,
(3.5.50lBWT, L k¥ v 7 VOEZX0.3114cm, L —
PFHIRIFZ1064nm TH S DT1/)? 138.8X107cm™2 &
5%, HIRFENF i OWEME L tepont 13244us TH o
Too® KT 7 77— R T 5 (¢=0) &, NAYAG
DBEDL & WEE
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LEFE AN B, —F ThAIO; DBE XY~ I VDB
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—RERETLEBEALSEF/HTHS D,
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5D, multiplets @ Stark ¥7 2 HE LIz, AT bV
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4. 1 TbAIO;DBBBEFHMER AR PIRIEIZL B
oI

Fi LA N Y TS 3 — b RETEEAE T O K
RGO T 2 EFRBCET MR /57
DI, BET B2 A Uiz ThAIO a1 Bl 2
55| % FTHRES®3BOFHIAZEH T iz k
D, Tb A 4 > Offigk (3 Th** K OF 4 fifi Th**) % FilfH
TBIENTED, 2T, 7, ThAIO MK D
mXREE (R, BA A4 YRR BT 2HBRESS
feiz, AT O 3BEOKMIC DWW TERTOBETF
A7 MNVOBIERITo 7,

11 BREMKHCTERL, ZRHFTHRLE LD
D (R,

#2 I BRFEKTCTERL, BABIE L TwRnd
O (W),

#3 KBFHEIFTERL, ZLEIZL Thind
O (ZIZEH),

R % Figure. 4.1 T, HEWMARZ MG K
130~140psec @ 7fik5> &, 270~300psec D ks &1z
SEET & Too # 1 BRHE B H3I40%H 5 DI L,
#2, #3 3BT, R E20% ThH o 7z, IERHRK
@ TbAIOs T, Thb A A4 > Offikix 3 (Th*) TH
BETHD, #1IEFD X5 CBEFHEST CEHUE L
72bDTIiE, Th 44 OBR{EHES, 4ffid Thi+
L%, ZOBIZ, ERHEDODEA 4 KIfasT
E2HbDEEZLBND, HWANRT MDD 157,
ZOBA A RGBS NIZBEFHIGT 560
THb, BETE, BAA VY ERALC+OERED ST

5
[T\
41—
/ #1 sample
2 |
3 /
¢ [ 3
— L0 N%
,l,l #2, #3 samples fﬂi@w ,
— .
1

0 100 200 300 400
time (ch) (1ch=12.6 psec)

Figure 4.1.Positron lifetime spectra of ThAlO,

e IEBIEIC & 25

WBDT, TTRGA TV NEETNEEHTH LB
TV RMOFCHEINEWHr S ThH 5, BILHD
BEFEHEHALZ bVIZDWTRE, BridE, ¥—
4 RGO R T ol 2 END B, HEOBHIcB
WTik, FART bV 2 RAENTTIED £ < b
T, FPEEORTFRIGEOEEL2E DR 2GEBEH»
572 ThAIOs DEFED & 512 2 RAFETHSD & <l
BEFTH Y, ThAIOFHHDEDREDORNTH S L
EFEzehd, 25T, Ay bORBZDONT,
MRS 4 fFE NV — 7 OPHERIC LD, BRA
Z VIKBRBOREREEORES 2 3 iz, HRE
Figure. 4. 212783 SABUREUL, #1EKIS 1 HEKR&E <,
B3R 1 /NS, COEET, BFEA AV RIfD
BENESTWBLILERLTWSE, LilL, HEMA
7 MVHIEDOEE I, #2 BRROFBRIE, #35EH
DFERITENDE KU T, BRFEA A > OHBUREGEIE
DOBEWI, #2 B OR/RIL, #1RBORRICI .,
IhiE, e 2 00WEDS, B1ArRiRE, BA
A URBEVD, R RHBERLEL TWE:T

Oxygen Diffusion Coefficients of TbAIO;
in Oxygen Atmosphere

12~
Sample grown in N,, annealed in Air
-13 -
- Sample grown in -
“a N,, non —annealed
-
o~
E -14 B
a S
Nt
&0
2
-15— l\ ‘\O
Sample grown in H,, non —annealed ..
1]
16
L 1 | I | |
6.5 7.0 7.5 8.0 8.5 9.0xi0™*

1/T (KYH

Figure 4.2.0xygen ion diffusion coefficients of ThAIO,
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Hh, zhs, 2EORMBESL, BRIV, ETE
FKTORUNE T, WTHICELLL TWE DT RN
ZEERRLTWT, #EKEN, LrL, 20LI7%,
FICEEHZDWTD, BETFHFMARY bV EBERRA
Z kR RO ERIE OB, Thigicikxl, §%&
ez Bl COREFRIED ThhiiE, RN L EsS
ATgRic e b L Bbh b,

4. 2 TbAIO,DIGEFHE v ¥ 2 RT A& HHBARIE I
& AR

Figure 4.4.2D-ACAR of TbAlO; (b-axis projection)

TbAIO x5 4% T, a=5.234A,b=5.3114,c=
7.415A @ perovskite #&E % b D, FIIERL L T3
DT, BFEBEDSMO 2 XTI 2RO 5 HETH
3 LEHIE R ZEMEVROEETH 5. BETHMA
~7 MNVBEIET, b REOESThHo /o4 3 Bk D
W, BETHER y £ 2 XA (2D-ACAR) O #
ERITo 2. a S R U, b st o HEH R % Fig-
ure. 4.3, Figure. 4 4R T, glth o ORFHE G
EDLEHRRESEEZLUGE, S ORE 2T
b D)%, Figure. 4.5, Figure. 4.6, HIZ,
[110] #SE£2D-ACAR D& S % Figure. 4.7I25R
T, HER, €TEBTHEH, 15K TH, HBRITIZ
BRILTH> T, & ZTHIER DL, Figure. 4.50D8
T, #ESKENT (b L <k, 2 B L
DEFO TV WERETDH S, HERSMOGEICIE, E
ZRISAOBE & F s 0, KRBT 2
DBFREDBECHIEEN 2 DT, KEEFRIZRACIEH
pr#EzoNnb, 2OEE, HEOXNFME X 53
HWBIIME 3 2 eixbd, 2OBEIIE, b, XU
c Bz B9 % SBSEFRR H B ETH B, L L, Figure.
4 S5OWERER I Z OWFRERR Sz, £ DFRE
ELTIE, ZOBENTEER V7 RBA 4 v RK
facidki <, Bz, WEERPRERO X S BRRK
s cHR T 2 IREEN D B, o T, NNV BT
W B U BT 3D L S B olz,

Figure 4.5.Anisotropy of 2D-ACAR of TbAlO; (a-axis pro-
jection) (solid lines: positive, dotted lines: zero,

broken lines: negative contours)
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Figure 4.6. Anisotropy of 2D-ACAR of ThAIO, (b-axis pro-

jection)
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Figure 4.7.Anisotropy of 2D-ACAR of TbAIO; ([110]
projection)

4. 3 FEARESO2D-ACAR A IZ & B %
Bz, Boill, BRIYEGHOEFREBIZOWTD
B 255 HWT, 2D-ACAR OHISE, T 2E 0T
&l L2L, BEFHBEREFEAZEOETR
Mo FEE CBUS R IETh Y, HLT, BiEW, LY
b UBBEERILY TCREBRERA A VB OA 4
Vil R & Blcic, FMEEERIEADEED T
¢, FFEALEZMIZ I LRIFEECHE UL, F0
728, fhd v 2 BPIREORAIER R BT ORI,

KPR S OFE 2 EITEBEICEN TN R 5%
Wolz, T2 ZRFRBEZHNSZHBOE A, V
77 VY RELTORLEGHERRITLED S DT
Hb, TORT, HEFBRITEVERESNL TV
Si BiA® &5 PEAE I, BETFHBEERONRE
LTHERETHI LI CBbNIz,

597, Si, Ge, GaAs, GaP ® LCAO /3> ¥ (tight-
binding) ¥:1Z & 2 B F — B FEEBEIHOFE LT
v, HIERRE Ol LT, Th s EEGOE
BRSO OB 2 #ER, METORERE (BY
B A4 O p-REBOBBIBIEH VI SO ORIFE %
FoZ L WX 2TFBHR) OKMTHSH 2 RHL
7zo E72, Ge & GaAs ODHIER RO S 5E
2, BRHOBAMABEAD 2 209 4 FEOKE N
homopolar #» heteropolar W2 & 5 bDTHB I L%
oz Uiz,

iz, BALKESPORE)IWRE £ OHEFEFAT,
BTSN LD Si R BA SNIERFEALORAY
DETFREBOFEZITo T2, #7710

41, Si, 6h- B U'4h-SiC fD2D-ACAR D#IE
£ 0 LCAO BT X D e i fa Ry FOESE
DA DT OHEREHRE T %, 4h-SiC XU, 6h-SiC
o [1100] & &V, [1010] &4 02D-ACAR DRF
%, Figure. 4.8, Figure. 4.91Z78 3, ZNF NN
5T % EEORMEEODREEIRA Tz X DRSS
M IZHEE S R & B 43, SiC D4h L 6h TlkE
WHRR S v, $72, Figure 4.101 Si @ [112] 8¢
®D2D-ACAR DR FE%RTHS, 21, Figure. 4.8
LIFIZEREORE R D o T3, 2 TR 20,
SiC [0001] &, Si [111] &L BT W 3,
i, 2D-ACAR ORI & K i B i v [H
Cchhid, HEEEE RIERFHEMOHEH G5
WT-ZEM O BN THBLT L, 2D-ACAR DR
MHAEE X, Sik4h-d L < 1X6h-SiC TRKRIC & 2 F 3
3,

Figure. 4.904h-SiC & UF, 6h-SiC @ [1010] &%
DHFAEIIE, Si Tk, EENINT 2 EEFOREHEE
DLV, Figure. 4. 11CR T & 31, Si D [110]
B EBE L T WA Z &AM 5, ERE, Sio[110] 4
B 02D-ACAR £ 5 (Figure. 4.12) » & SiC @
(101014452 % &R L T H % &, Figure. 4.13127R7 &
91z, Figure. 4.9 &80 THUL 72 BTHEERES
Nice INBOHEMS, I ORKELOERRESAIL,
FEEL O 2 30 Ll E O RFAIREE 3P EREE T,
4 EHARBALORE 1 IEHFEOBEICOAR> TS EF 2
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4 [ 12 12
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Figure 4.8.Anisotropy of 2D-ACARs of 4h-SiC and 6h-SiC
([1100] projection)

P [0001| {mead}
10001 (mead)

#11230] gmrad)

Figure 4.9.Anisotropy of 2D-ACARs of 4h-SiC and 6h-SiC
([1010] projection)

P [111] {mrad)

-10

P {110] (mrad)

Figure 4.10. Anisotropy of 2D-ACAR of Si ([112] projection)

6h-SiC Si
[1010] [110]

Figure 4.11.Relation between real space projections of Si
[110] , 4h-SiC [1010] and 6h-SiC [1010]

5, Eiz, GRRIDSEY LOFENS, HHr=v +D
HFEPBE DN, INPHEHED 1HORY FTRZ
W EEZOND, ZD2=y M EHIHT 570 DR
WEHZ 5,
FliBRBEZLD, N REFVEHNT, &
T, spPBHEORAEREETNVIC L 5ETF-IHETF
EEESA fitting 2B IR o7, TOETNVITHBEE
WA ni-w, fitting OFERIIED B Ed o0 K
1z, Si3s, 3p Wl EEEK, RIEEFROHEAEER
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Figure 4.12. Anisotropy of 2D-ACAR of Si ([110] projection)
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Figure 4.13.Synthesized anisotropy of SiC [1010] projection
from Si [110] projection
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Figure 4.14. Anisotropy of 2D-ACAR of Si{[001] projection):
measurement and LCAOQ fitting

P[001] (mrad)

Figure 4.15. Anisotropy of 2D-ACAR of Si([110] projection):
measurement and LCAO fitting

DHEE DIz LCAO-MO iz & v, Sio[100],
fo11], [111], [211] Hhi&# D2D-ACAR DWW T
fitting #B I Ko7z, '
Si D s BT, KU, pxEFIREED LCAO-MO FHi3,
&2, UTOX>eE526Nn%,

S=3+ (1/2) f3s (st -+ 52+ 5%+ 5%)
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Figure 4.18.Various projections of momentum density from

single bond in Si

0
P[1-12] (mrad)

Figure 4.16.Anisotropy of 2D-ACAR of Si([111] projection):
measurement and LCAO fitting
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e}
0
E Figure 4.19.Various projections of momentum density from
= " single bond in Si
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Figure 4.17. Anisotropy of 2D-ACAR of Si([211] projection):
measurement and LCAO fitting

f%&

-

+ (1/292) fap (B '+ 021 = D> = 1

+pzz_'jbx3+py3—pzs+px4—py4—'pz4) )
Po=p+ (1/2) fos (— st + 52+ 5% —s%)

+ (1/2)fpp1 (_pxl_pxz_px3—px4)

P [011] {rrad)

+ (1/2‘/5)];:172(_pyl_pzl_pyz—*_pzz—I_pyS ;v- N . o |
_pZS +py4 +pz4) . " ° * Pl!Hr(mlad) ¢ ’ N ®oe * P[H!]O(mmd) ! ’ *?
Figure 4.20.Various projections of momentum density from
Dy, D ETAIREED p B TIRRE L IZIRERRIC 5,2 2T, single bond in Si
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Figure 4.21.Various projections of momentum density from

single bond in Si
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— bV MESTTIE, @BREPT NS - iiEENRT
VB EHRERARICHE T 2702, FH Ny -
TEBRIF LT B L 2EEEEET VicE D »
THEULUZEHRN NS =28 Tidn 5 (Fig.5.1), F
bbb, (FHEOREYTR20CHT ZEHEBE %
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Figure 5.1 Result of Rietveld analysis for Ca,CoNa(PO,),
with CuKa, characteristic X rays. The solid line
is calculated intensities, and small crosses super-
imposed on it are observed intensities. Differ-
ences between the observed and calculated inten-
sities are shown by points appearing at the bot-
tom. Tick marks below the profile indicate the
positions of all allowed Bragg reflections.
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3) HEeTn
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sing,

EVHABARDBREINT WS, p, g, f, rid3E/INT
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REE p, BEOEEE R EvhIE, AG) 1
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+ (0.0927+0.3755in20,) (ﬂR)ZJ (5.7)
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LR AL & AL % 7 e B BELR T o S -
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B (fractional coordinate) & ¥ hiE, fEEESHET
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T3 RF OBIREN RN § 2 BIFRE omd b %+
WFThy, SHERNBIER CIELT 254,
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TR,
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m W —f%{t L 7z Pearson VII E8#K
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Figure 5.2 Pseudo-Voigt profiles with an equal integrated
intensity (area surrounded by the profile and the
abscissa) and an equal FWHM. (a) »=0 (Gaus-
sian), (b) #=05, and (¢) #=1 (Lorentzian).

+0. 11116<HKL> (5.18)

Hy
PEWI,Hld He & Voigt B B 24V AR
DAERIE H o & B HHEA
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+0.07842H o H +H5) 18 (5.19)
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S5WIE OA20) 3K E 5,

Hyct Hu® OMEREE 7O 7 7 AN e XT X =%

—U, V, W, P, X, X., Y, Y&t

Hyc = [8In2 (Utan? @ + Vtan fc + W +Psec? ) ]2
(5.20)

= (X4 Xecosgy) sech + (Y + Yecosgy) tan bk
(5.21)
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SRBHF TR T 7 ANERL, HeDiDSD AH dsec
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A=Al (5.22)
F 7z dx@}%ﬁﬁﬁ’ﬂ&kﬁmlﬁlﬁ?‘%%%ﬁﬁf& & % tan 01(
WHBIL &
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Figure 5.3 Plots of Hg, Hg1., and Hy as functions of 26 for
a Si standard reference material (A=152164).
The open circles are values obtained from fits to
Eq. (5.17), and the solid lines are derived from
fits of Hg to Eq. (20) (U.=P=0) and Hky, to
Eq. (21) (X.=Y,=0).
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RIETAN-2000i%, 7’1 7 7 4 VEAH & U C oy 8B
Voigt BI#(5.26) & 53E]8 Pearson VII B%(5.27)2®
PRAWBRIEESI, o7 A VENEFELZS LS
WERE U, i 0% S, H (Lorentz) + H (Gauss) &
U 7o RiR A ST Voigt BASSO b ERISETHIC IR b 4
RBTE 5,2 OB%IE PPP »3—D84 X 124372 1 ik
EEOTED, 2 0IEAREOEE 2K X<
WTiEE b, a7 7 A NVEENT 5 REE 22—V —
BIEET B, RELSEM a7 » A VBRI X 2F
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By b, E—7UBBNMEARANEET 5, &<
7Ty ST vy — ) BINERTE, BRAEHAD
X BOBA & PHRERER CER T2 IES b 572
o, JIENREE TR TEHEL 25, L UEATR
TRESELPETERY SbRVOT, BFHZY
TROECEBRET Z L ZIT LA LR,

Fig. 5.412/KkF1¥4 7 4 » Na-LTA (Linde Type
A) O XY — b~y MNEFTS Y — » DIERAES R
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Figure 5.4 Observed (plus marks), calculated (solid line),
and difference (bottom) patterns of hydrated Na
-LTA below 25°. Angular apertures of Soller
slits: (a) 5" and (b) 1°.
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WETWTY — 0V M ETENT L 7285 % Fig. 5.5
Wray fUTeoNy 2 75 v RBFEFEICE VDI,
M) FNT S UHROKREFLEEE I TIETHE
BELD T2 D TH 5 ,1F21F Gy D JEEESFR % b DEFEISF
&, VWb % head-to-tail fRiz [001] AFAIC - TE
AL T 5,10%0E < O E 2 FERFRZ 100K & TH +43
ENWIET7 4y ML TWBZERERHLTIELY,

5.5 MEM & DEMICLDEF - KEBEENRE
RIETAN-20001C#& A U7z elmfifiin 5 b, #5072
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— b — T B EEREIIRITIC X B EPTRE O E Lo
TdH 5 (Fig. 5.6), WHIZEEL MEM Y 2%
g5 kick ) RIETAN 0% Bk L BB e R
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Figure 5.5 Rietveld-refinement patterns for AIPO,-5

containing triethylamine. Neutron diffraction

patterns between 33" and 90° are magnified in the

inset.
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Figure 5.6 Flow chart of structure refinement by Rietveld
analysis and MEM-based whole-pattern fitting.
Mevius is an interactive program for plotting

contour maps.
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EDY &40z,

5.5. 1 #B&EEFIMMEENKE

Y — F oy MR T Ul 1, BEEo]
FGA—F =B LILEREO 707 7 4 VBRI
OV CKHE R OBREE % iS5 2 g &
D BHEE R F F, (Rietveld) 2 EBHTE %
(Fig. 5.6), Z 9 L7zfHikTR® Iz Fy(Rietveld) &
MEM f#tfi3 % & £ & D RE LI BF BRI,
BEOEZZHNY — b~V MEVICB T 2HEET
NDINA T ABBRNC o T LED, L LERH
BRIEE D HEE X Rz Fy (Rietveld) B3#EE € 7V Cid#
BLTWEWEELFSDOT, Z0LDBEENEF
BETUEE ORI T 2 W E » R D ERICRIH L
2%,

MEM 13422 8 PN O [Bl #7568 5 % K 22N 81 5 EF-o
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Figure 5.7 Electron-density distribution on the (110) section
in dehydrated Na-LTA. (a) Fourier synthesis,
range: 1.05.0 e/R?, step: 0.12 ¢/A3% (b) MEM
analysis, range: 0.15.0 e/ A%, step: 0.1 e/ AS3.
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BENTWEDT, fIbU0HRIcEREATS /1 X%
PR DS ZADBEDTH B,
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T4y F a4y

REMEDY &8 5, & &8 & i fHIMlED
WHSBED MEM BT L @85 — 2 « T4 v T 4 7
(whole-pattern fitting: w.p.f.) OFEREZIAHIZT 4
— NNy 79 5 RIEHHT (Fig. 5.6) TH 350,
MEED iZ=RTCOEF - EHE 7 — ) 22853 =
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E#r/ 88 — > @ e N RICHEE VT A —F -8
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MR T B B 2 oS RET 7 — & DT
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— X XBEFOHBEGRI BHESBOFTE % F.
(MEM) iz fh18 % & WS BRI BN HW I3 &
T, ZEHIANY — OB TIEDBIC F,(Rietveld) &
ERR T BIEHE L 7e Fy (wp.f) BE O MEM T4
b, Lk, £88 —> T 4 v T 4 v MEM @7
BPHIEKBITZ2 REFEHEIPED LR L5 TR
HIZHEV IR T Fy (w.pf) W RIZTHEET TV OREINL
G —ve T 4T 4 VI BPRIGE T IEONT,
LIPWIZENR T WL, 20 L) RKIERERY — b
Vo MIRDR R — ) —FB3NC S LT 503, BRI
BHSERT 2 F.(MEM) KEET 5 £ 25088k 5,

FEFET 7 — 5 5 % Wi FEACHTLE b oYE
O X $EFF T — 5 s Ta 7 v A VERRERT 5
Bz, |Fy(w.pt)| 2HEICHEELLT 5 w5 HEEn
¥PELCBIENTE S, T4bb, MEED OFHEL
T iz Fe(MEM) THRE U o B I R E 2 5 I [E
ETBDTRL, 0774 NVEHU IR S
LTRAR—) —E3R0Y Tk bEA LS 50 THD,
Z DD Rl & W F R RN OB 2 hE S
LZOREIETHRY,

RIEMEAT TR 2 K& T — 5 OBARME R RO
12, RIETAN-200013 =80 7 — % % MEED &5 2
L5l (DE—~KEO F, (2)&%XkREI
9% | Fy [20&FHOFHAR, (3) BT hkl 7217,

(2) FFAEEITIC B U 288 € T VOB RS TR
VDB, 3) AR DORERGT 707 7 4 VO
AR —ERREL TS5 20 fHEOKSOERF
ZHEL, HRE—ELURFhE i > TREHNT =&
TR DCLEER D,

Fig. 5.641, Fo(Rietveld) Zf# - 7c MEM fi##r & %
ORERICEDSHBEE T NVOFHBEIIFE 539051 v b
VY ANETY =V DTSR LIz b 071208, X4
TEDOPCGREN R ENTEB Y, MEM A7 D5
2% CTEE 2017 REMEDY i3, &Y SEEOEW
Ef 57— & TRIEY AT ANEEAML T3, FEA
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WBRIOHBERIC X VET L RIATHE 2oL
FNCRA T 5, £ Db, BAREL SBEHIT % Ry
R-DETWWIIEETNELDNDH 5,

TRE % FFEE % REMEDY CTRIEHZERE U725
ELGKYM AR A ¥ —H v — b LTz lepidocrocite
D BIRIEAEY K (TiponsLisgs) Os (x=0.8) D X
RN RN L TB 2D K ZfEE Cmem O 4
cHA4 b0, y, VHEWTY — b~V MEFT L &
25, K DEFENNNT A —5 — B OFEESEE
WREL D BEET VIR K A 4 B LD Ln
ZEREWHAEL TW 2 Ll sz 22 TK A AV D
2R % L D IEREWCRITT % 72912, REMEDY 1 &
DR X RRENT 7 — & 21BN U T &7z, (100) 23
BEFEBEEST 2 Fig. 5.8127R Y, Kt4 4 03 @R
D35 D HEABNC 6 L T 3867 & (Ti,Li) O FE &8
I HEL STV 3,

Fig.5.7& Fig. 5.8y ERY—5—X Y v |
BEFE UIREFTFHC LD CuKg 8 X STllEL
TR T = REN LIRS WS 2% 2 TR
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Figure 5.8 Electron-density distribution determined for the
(100) section of K, (Ti;_ysLixs)Os (x=0.8) by
using REMEDY. Range: 0.28 ¢/ A%, step: 0.2 ¢/ A°®.
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Figure 5.9 Nuclear-density distribution projected on the
projected (001) plane in the paraelectric phase of
KH,PO, at room temperature. Contours were
plotted for 2.5 1.5fm/ A3 (n=0-20).
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67 ERbWORE RN & ARRSET ORI EERICB T 25%

6. 1 H—w bEIDHD VIR E RN YRS
12D WTHBEREE
6. 1.1 (FLoIc
TITRA =3y MBI, ACRNVEO T oY G
WOWTHEIRE, 2V —EE, 730 Y VRE
® NEPCO $ iz DWW T3,

6. 1. 2 H—%v bB M;Fe;0,, (M=Gd, Tb, Dy,
Ho) O f{EIRE DEHIHR?

LK — A v M iE 8 EOER TR TS
B HFERTH B, 2HD M 1 4 i c(+THiE) {1
B2, 16[O Fe*t A 4 Vi3 /\FERAE % 5D, 24
D Fedt i MAMSAIE % 5 ® %, BT OERESTE
— A ¥ P RIAT A LA A 2 (SmPt & R T) O
K[E—AY MREAEWTWS, FEEEA 4 v ORRE—
AV MR OHKRE—AY NI DREIBEEE
BIWAPT 20T, HIHEA AV OWKRE—A >V M H
0K THOEHOMIE— AV PEIDRSVEEIL, H
BIRE (HEEE T, CRECHELIF RS, 2h
SOF—F v VT 2 VIEEERE R —VOSEICE T
L5V-BTH5, TMATTRBEOF AN A LA &
Y ORESRE— A FDOHMAT, Tep LETE, #ETF
DR E—A Y VO HFATH 5,

IheDF oY —BERZZREFN, 574.6, 554.2,
551.4% L C56TK(M=# RV =24, FNVEV L, T
AARTAY T A, KIVITA)TH-> T, FhoFITH
B LW F 2V —BEDE IS (dT/dp) ixZzh
#h, 12.8, 12.3%2 L C11.5K Gpa™! (M=4F V=
Thy TIWETL, TLTTAATBYIAN)TH D,
Bloch %130.6 GPa & TORMEDBEIED & GdsFe;0,,
WZOWTHIEREDE IS (dTep/dp) %59 .0K GPa™?
TH5 I EEHEL TS (Table 6.1) M;Fe; 0y, (M=
Gd, Tb, Dy, Ho) DR 2/EKT 2 D iFEFR &
LT, Fe,0;(99.999%), Gd,0,(99.9%), Th,0,(99.9
%), Dy,04(99.9%) H 5 \>iF Ho,05(99.9%) % Fvaiz,
Fe,O, & # HIERIM EFTEDENMILTT & b & ki
A/ UMTESE L. Z L T0.26GNm=2TY) » 7 HRic
FVA LT, BIRTY Y REEBT 270131 >~
& — ¥ LT1.3wt% PVA(polyvinyl alcohol) %z
120 ZDHNA T —FZEKH T 2h FETIK i mE L

THIE U720 5l & v TS T12-14h FE1573K THE
BaEk, 208#, BRREEG L, okt —*x
v MELEIIREWEGOY L TWwb,

HENT COBEMEROMEEZER by ) v —H
EEIHWONI, TRFY Y —NVE VI FEBME
£ LT, B#¥E1E D 1-pentene (CH,CH,CH,CH:
CHy) W, A MY ) vy —RSEEIZ 7 5 v
HTRELBRTOER N BEBHTEX2HOHDT
Hdo 1Ep56, KRTOENDOIEHIZLIV RV, &
Wi 6 A & B8R L OBERREOENS, 75
v IRIEBOBEIEBRIC G 5 IEEEINT R NS
TH3,

BEfEA D) ~ 7 (4MF ¢ 8.0-8.4mm, AT 3.9-4.2
mm, E& 2.4-2.7mm) 240083 4 )V E2E\\T100
kHz DBREZHRL TCaA VvOBEEA ¥ ¥ 7 ¥ v A %H
ELIe COHTA v ¥ 78 v ARZERERCHHT S,
7 4 ¥ %)V LCR X —% —(Ando, model AG4311B) #
AWHI200Am" (~30e) ORGEHFH THT A 5 7
5 A RM ol 12T 4 V¥ VEEE (Keithley, model
182) TEBHCHM S e 7 0 AT v A IVEERN DL
BAZHE LTz, 2o DUERIZ GP-IB % vty
a o Cfilffls iz, 83K THSEYIRER T O#RE
& FEIE UREN OEIFHIEL{To 7z, BRFRER
(1.5-0.3Kmin™!) THIE 2172 /2,

MsFe;0,, (M=Gd, Tb, Dy, Ho)DILERGE, ur
GAB OB L BEOERETH -7 b D) DEET
DIREZAL % Figure 6. 11T, Tep, GRIETRE) TRIL
BEIWRZDDT ur i3 T, TH/MER & 5, Figure 6.1
D5 RM/NEIE T o — P iRz 508, /AR

Table 6.1. Pressure derivative of the compensation tempera-
ture (d T¢p/dp) for garnet-type M;Fe;0,,; publi-
shed data and the present work (Mag, magnetiza-
tion; MP, magnetic permeability)

M Method  (IT,/dpyKGPa  Source
Gadolinium Mag 9.0 Bloch et al. (1966)
Gadolinium MP 89 02 this work
Terbium MP 71 02 this work
Dysprosium MP 464 007 this work
Holmium MP 26 02 this work
Holmium MP 26 02 this work
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Figure 6.1. Variation of relative magnetic permeability (magnetic permeability of the sample divided by the magnetic
permeability of vacuum) with temperature at 0 GPa: (a) GdsFesO,,, (b) Th3Fe;04,, (¢) DysFes 0,3, (d) HoGd;Fey
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Figure 6.21Z M;Fe;O, OFHEEE (T.,) DEHZEAL
RTINS DWED T DFENMSFIETH 5, 5
INEREEHOTUTORMBRRE S,

Gd3FesOn i DTk
Tep/K=(285.940.3) +(8.9+0.2) p/GPa
(6.1.2.1)
ThsFes Ol DTk
Tep/K=(249.7%0.2) +(7.1£0.2) p/GPa.

(6.1.2.2)
DysFe O DT ik
Tep/K=(221.68+0.07) + (4.6420.07) p/GPa.
(6.1.2.3)

HO3F€5012 W2Vl
Tep/K=1(135.940.1) + (2.6+0.2) p/GPa.

(6.1.2..4)

M;Fe;01,12 DT, Figure 6. 3128 F TOMEIRE
(Tep) ERHEIREDENIWS OBMRETRT o T K
XL hbEd Typ/dp DIEOKEL 55, BRAONEFEE
W TROBEFRIE SNz,

(d Tep/dp)/K GPa™!
=(0.042 0.006) Tep/K+(-3%+1). (6.1.2.5)
2 = 0.927, (6.1.2.6)

ZIZTr EHEEMRETH B, (6.1.2.5)K»n b, F—2
v M EryFes0,, (Tepy/K=83) & YbsFesO, (T /K=
0) OFEEEDOENIMS T FNZFN0.50E1.5H5
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Figure 6.2.The compensation temperature versus pressure: (a) GdsFesO,z, (b) ThsFes;04,, (¢) DysFesOr,, (d) HoGdyFesOs.,.
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Figure 6.3. The compensation temperature at 0 GPa versus
the pressure derivative of the compensation tem-
perature for M;Fe;0,, (M=Gd, Th, Dy, Ho).
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6. 1. 3 RERNBET = 1) %A VCo,0,NF 1)
—BREOENKEH®ICE TS, EL2BK
NEPCO %R DOAHIRIZDWLWTY
=i, JEEEM NEPCO %) (a negative pressure
derivative of the Curie temperature for magnetic
oxides (Tamura 1995)) 28 A © 3 NVH 7 = ) giER 1L
¥ T ®» % MnCo,0, (Tamura 1992) & CoCr,0,
(Tamura 1993) THRW/IZ & hiz, JESEM NEPCO %)
AR B R R S0 B R B Y B AR 48 80 RE S R
(Tamura 1994) 2 ECTEHBHTE W, k¥Z6 IR
5 OWSAEEAERIRESR A 4 > — A 4 > H OB &
HIZPT 506 TH %,
Fa ) REORDEN#HS (dT/dp< 0)2SHBLT
572D LAIT OREVNERE NS,
() 7r—R A . FFHEEBOK & IS HEEERD
B CED Lisv,
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Figure 6.4.Variation of the relative magnetic permeability
(magnetic permeability of the sample divided by
the magnetic permeability of vacuum) with tem-
perature and determination of the Curie tempera-
ture, TC, and the Hopkinson temperature, Ty
(the temperature at the Hopkinson peak), for
VCo,0, (sample C) at 0.81 GPa.

(i) 7 —A B : ZHEU EOBSMHEIERABGFEEL T, %
neDORFERLS, & )FOBKEEEROEN
W OHIHEDSTE DR 5 L D BOESHEERO
FES OHSHE L D K& W, FEEEM NEPCO %R
B — A BIZWIET %,

L Laed s, JEEEME NEPCO #ROEIFIZET
WWUDEBEINTWRY, 5% TRIZDOOWEIIESE
B NEPCO®IEREZRT Z LS TWT, Zho
F5E2 Co* BIMEHMER GO T b, ZDOAED
SR HD SN TWEOBREENE I M EHERL D
12, VCo, O  DIFFE 24T o 1o o T OMVE 531 (£988%)
WINHEAGIE 2 Co2t D T0wa Z RIS TWS,
EhoZDFxa) —BEREDENMS ZRFDO I LN
HrRrEh 5,

ZDINF DT LB B AIEAE RNVIZDWTIL, Reuter

72 & (1959) B8 RANC BRAETIOYE 2 #iE L 7z Ber-

nier & Michel (1963) iIX#5 & FHI £ 7 RUEEORE R L
Ty, B4 A > D4 (VH_oCo?*y) [VH*,Co%* 5]
0,)7T, n=0.88ThHarZ L E2®WELE, 22T, ()
FIUEAR A GE, [ ] BAEERNBAAEBETH 2,
Thbb INEBEIFEACINVTHS, BEEZTITS
ERBICEFERENRE (B DI139K THRAWEL, B
WIRE % T 2% EMEIRE (T =70K) THRSE—
XY MEEWCR S, (Menyuk & 1960)

A E ORFZE O HFEFEHE Cos0,(99.999%) & V,0;

(99.996) T %,Co0 iF Co;0, 27V F VYR T-log
(pO./MPa) =6.00 (pO, 1ZEERFE), 1473K T22h £
U THERG L 720 Vo051 V,05 % % $kER I 723K,
2h Xiz1073K, 2h JL¥E L THERL L 720 CoO, V,05 & V,
Os% 8.1 1DENELT X HSEOFTT & b &gt
WIREL, VY7 RIc0.13GN m 2 AV X Lz, ¥
BF =T DBRFEN ST 0, BRTEZLRPTH
1d RSl RCEERZ LIey IV A Fa—T Iy —
W Uiz = LT 88kHE823K T70-77h XKiz1323K T
51-52h MBA L 7z, 3R C 3Py & (Fd g Kl o 58 A0
REfETIE2.8h) U, #88 D k@ Uiz,

RENT TOEUBEOWEITECR by ) 57—
EBEE2HWITbil:, EJIHAE L L T 1-pentene
(CH,CH,CH,CH:CH,) # W T RF ¥ —)E &)L
BHERAL, O EA Ny ) U7 —RIZEET Y 7
YTRTIER L, ATy MR MERTHBEITE
BEAM YRR SIDDTHS, F2a—Ewr7rE
WEL, v EL, Yy o= Bl FYyh—v—H
BEEBLZEB 7 ENVEY ) VY —RE{LT 512D
KHAT PBHWLRTWS, IRO6DHT AT v b
PHAT2LORMERTOENOEESD, EA v
VS -HEREEBEL VS L, BEROWMET LA» S
DHBA AT v b TRINE N, 6o TERTOEIH
EBPREL L2006 THS, 7 7REBDE
BYENFHIESERTRE L & 5,

BEEARD Y >~ 7 (ME 1 7.8-8. 1mm, P 3.8-3.9
mm, B& [ 2.5-2.7mm) {2400\ 2 1 )V EZEWT10kHz
DEREWLTCIANVOETA ¥ 5757 AR2HEL
Jeo ZOHTCA VF 7Y v ARBERRCHMT 2, T
4 Y% LCR A—%—(Ando, model AG4311B) % H
WHJ300Am™! (~4 Oe) ORFHEHHTHIA » 57
& AR ot FieT 4 V¥ VERER (Keithley, model
182) THREHz B S R 7 g AN T NV A NVEEST DR
BHRAE Lz, 206 ORIERR T GP-IB % Hv»ovY
a v CHlfilshiz, 83K CHESIRTURER T D#E
xf % EIE LB OFENIMIELTo 7. BRAIRIBRE
(1.5-0.3K min™) THIEZ{T o 720

o COUFHHAD D0.81GPa T O LLEREE (FE D
BERER = BB OFEHR TEH o 72 b D) DIREREL % Fig-
ure 6. 4R TR C LER D(E®) DWW TR F
UV BRI L AP WY — BBl SN, RS F Y
VUSIRO A = XA BEBIS R TWiR Y,
¥ a2 ) —IREIZHERE - RE RO LT
W 5 ERST DR L BIRMIOERRERS & DR H» KD
Joo RZF VY VRBERRTF VY VHIRBERICK
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Figure 6.5128¥ C D F 2V —BEDQEIZEER
T VC0,0,0% 2 ) —iREDENMSEIETH S,V o,
O DWW THE/NE TR AW TROBEBRABES NS,

HEC:
Te/K=(171.9%0.09) + (6.0%0.1) p/GPa.
(6.1.3.1)
A D
Tc/K=1(159.33+0.07) + (4.2+0.1)p/GPa.
(6.1.3.2)

AL COKRTF Y VREFENPREL 2B EEL
7% (Figure 6.6) "7 vV Uy E—BHET I E
S 2 d BRI & —REKER T ER O RE LK
75 5, VCo,0Z D THR/INEFE R FHWTROMEGR
AEL5N B,

Ak C:

Tu/K=(160.13%0.08) + (5.79+0.08) p/GPa.
(6.1.3.3)

KD :

Ty/K=(158.04+0.09) + (4.3+0.1)p/GPa.
(6.1.3.4)

AEANVE T 2 ) BEERRIEIC OnT, BEET, Fa
D —RE LR F Y VEE L ORBRIERE MBS
nNTnWTC,

190
: Sample C
x | ~
- .
1801 e
L -
= ./
- ~
..‘/.
170 | ] | 1
0 1p/GPa 2

Figure 6.5. Change in Curie temperature with pressure for
VCo0,0, (sample C).

Tu/K=(5+3) +(0.9240.02) Tc/K. (6.1.3.5)
¥z, F2V-RBEOCHENHS ERTF Y VIRED
S5 &£ ORNCIZ R ORERMBEFRRN B s T3,

(dTw/dp)/K GPa'=(0+0.2) + (0.7440.05)
(dTc/dp)/K GPa™'. (6.1.3.6)

H(6.1.3.5)06, FESNS TyOEBFEEC DK
DWTENFNIE3+L TK 150 5K Th 3, 3k C
EDRDWITFESNLMBRENENIK 4K 72
EEREL D&, R(6.1.3.6) 05, FEEINS Ty/
dp DERHABCEDIEODWTEFNZEhIL.44+0.5K
GPa'k3.110.5KGPa ' TH 3, FRC L DIzow
TFEENfEIEZNZFN1.4K GPa & 1.2K GPa™!
PEOEBRE L DS 0,

e LT, ZOWERNEERLED DTS D
FRENI & S WWIEDEIMS 2R LT,

6. 2 BENT TOYERRICHITDEHES
KEICIEENEA (1-pentene L X ¥ /) — N —x 4 )
— V) DR D 2 GPa & TOEIRFMIIC D TR
5o

VLEEIR (FIRLAT) BT TOWFSEHE 2 ) T
Wb, WKH, B, KENL EOYEOWMETIX
EEEBEITTORWENEEENEET S, B L
FESOREOEROFIE LT, Bt~ 4> (MnO, <
VAT A L) DKM ER D 5, ZOWETIE, W
SUEBSAAOFEORE, o [111] oFmch

175
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Figure 6.6. Hopkinson temperature versus pressure for VCo,
O, (sample C).
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ST DOEE L D 0. 091572/ EBRISNT
W3, THbBHEMBEDA —F—3 2 bEb->TLE
Do .

AY ) —)—x¥ /) — ) (Piermarini &, 1973) ®1-
pentene (CH,CH,CH,CH:CH,) (Tamura, 1982)
FEHEAEE LTHLAONTWS, I s 3BEgsT
ThHo> TKABEIEF 2> T b, —RicEES
FCHAR CHREERDOREDVD 5, SRIOIETIE X
Iy, T =Ny 4 1R ) ——TF ) —),
1-pentene DWW TEHENT THERZHEEL, BEN
TTORRZRD Tz,

E#1 &% T H % 1-pentene (CH,CH,CH,CH:
CH,) (@l (mp)108K, #hs(bp)303K), A%/ —n
(CH,OH,>99.0%, mp 175.4K, bp 337.8K), x% ./
— ) (CH,CH,OH, 99.5%, mp 158.7K, bp 351.5K)
FULTLIIAS ) —NV—TF8 ) —VEEYDOHER
HE L2,

BHEATTOFEBEROUEBRZRF Y Y —VELE
FAwER by ) vy —BgRERETiThb ., #E
AEAEOBHRIIEREZES8mm, ¥Fv v 70.04—
0.06mm) CES NIz, BEBDOX v v 7DKRKE S IFZER
DHERE»ORDIz, HERABIX v v 7 FOHE
T HPIT %0 2X10°Vm OB T 1 kHz, 10kHz,
100kHz O AEITT 4 ¥ ¥ )V LCR * —% —(Ando
model AG-4311B) THIFE L 7z, B IC s ¥/ 7 o
ANT IV ANVEREORE 5T 4 V5 VEBEET (Keith-
ley model 182) THIE L7z, 25 1& GP-IB Z T
2%y 2 > (NEC model PC-H98-U90) THIHI & hiz,
83K THEIEIIREH ¢ Z DAEXN 2 FIELEEB IO
FESRIE b 1T 072, HARFIREFE (1.5-0. 3Kmin™!) THI
ExI{To72,

Figure 6.712 % % 2 —1®D0.40GPa TOLFEER G
BOFER2EEOFERTE - IME) OREZE L ER
To X8/ —N (BHEST) OFERGBEEDORICIE
KEL, Holt S iZ/NesLitd, ZOHBIRE
B O I TR DR IZ - T oS B I EER L,
E b U7z & 22T L AYEEE LR NS TH S Figure
6.7 5 1 kHz, 10kHz, 100kHz TOFHEBEL—EE il
IR (Ta) TREZ2RL TS, XY/ —VOSHK
DO, BVEBEROFEREIRVEAEBORL D KE
W ERGND, BIETOREZEENTEHIZ N,
ZORERAY /—NVORSE—ENMREEZ/S N T
A

Figure 6.81cx.% / —D0.23GPa TOFHEBXROE
B, AEBEELERT, 7/ —VOFEERIIRNT
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Figure 6.7. Variation of the relative permittivity (per-
mittivity of the sample divided by the per-
mittivity of vacuum) for methanol at 0.40 GPa.
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Figure 6.8. Temperature dependence of the relative per-
mittivity for ethanol at 0.23 GPa.

BEERL TV,

4:1 AF ) —N—xF ) —\VREWIERTOE
TR E L TR LHWSRTW S, HEFERIZERT
BleKEL EoTw3 (Figure6.9), l-pentene [H1&
BEERUT) TOENFEEL LTR Mo Tna,

(Figure 6.10)120.46GPa TD % D LLFHBROREZE
bERT, INIEEHRIESEOERL, HEFERD
RS =NRILY =L DRIEORHIZNE v, EE
TORLA & RO O Hlg» & R E#oMEy (1 kHz)
BEOIHFEERD C— 7 PRl G T %,

Figure 6.11ic1-pentene, 4 :1X% /—)V—x1 5/
—VIREY, A¥ ) —N, T —VOREDENE
b2 RT . EFE TORIEIZ108K (1-pentene) , 153K (4 -
IAY ) —V—x8 /) —NVIEEY), 159K (¥ / —I)
ZLTIBK(AY /=) THY, Tbb 1-pentene
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Figure 6.9. Temperature versus relative permittivity for the
4:1 methanol-ethanol mixture at 0.46 GPa.
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Figure 6.10. The relationship between temperature and rela-

tive permittivity for 1-pentene at 0.46 GPa.
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Figure 6.11. The relationship between pressure and the melt-
ing point for 1-pentene, the 4:1 methanol-eth-

anol mixture, methanol, and ethanol.

BINSOWEDRT—FEVREIEER 2TV,
B/NEEEZHWITROBERAEE> NS, 1-

pentene IZ DWW T iX
Tw/K=1(105.5+3.2) +(38.2+3.2)p/GPa,
SD=4.2K (6.2.1)
4:1 X¥/)—N—x% /) —VEEWCOWTE
Tm/K=(152.5+1.9) + (151+11) p/GPa
+ (-109+17) (p/GPa) 2+ (30.0+7) (p/Gpa)?,
SD=2.0K (6.2.2)

AE =DV Tik
Tw/K=(179.9+2.8) + (156.8+16.1)p/Gpa
+(-111.6%+23.9) {(p/GPa)?+ (29.5%9.8)
(p/GPa)?,
SD=3.2K (6.2.3)
LY —NEDWTIE
Tw/K=(158.9£0.5) + (158.4+3.3)p/GPa
+(-100.3+5.0) (p/GPa) -+ (30.3%2.1)
(p/Gpa)?,
SD=0.6K (6.2.4)
22T ThldBIA, p3ES, SD BEFEERETH 5,
F—ElSHHE % 1-pentene, 4 : 1A Y /—N—x%
S —=WVREW, AY =N, ¥ — N2 DWW Figure
6. 11T oy =Nk X F /=)D iliRIEH1. 3GPa
TRET 5,1.3GPa LT Tid =%/ — VORI A Y
J—VORIE X DKV, 1.3GPa L ETiE ey —nv
DAVEL 8Bbs 411RXF ) == 8/ —VEEY
DRI 1 -RVYTFYEDEL, 28 /= HDE0IE A
¥ =& Dk (p<2GPa), BEETZ V) D
EIRHBL-UT VIMMERTOENEMHE LTHY
DL TWB,ERTIEASY /—id8.6GPa, 4 :
1A /) —=nv—x ¥ /) —NVEEWIX10.3GPa TH %,
e LT, l-pentene i 2 6 OB DO 0T, £
= RERERIC BT —HFILWHEEZF>Tnd, %
NIEREE T TRWENEETH %, 1-pentene Dl
BiX 2GPa T182K, EHETI08K Th %,

SEX
1) S. Tamura, High Temp.—High Press. 29 (1997) 731.

2) S. Tamura, High Temp.-High Press. 31 (1999) 123.
3) S. Tamura, High Temp.-High Press. 31 (1999) 127.
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EHTRETIET N TORFIT 2 H 50 maDP)
HE®100 L3 2 DT, RERFIRMEROMEICHEE LT
BT B2 Wi d, TDI®d, B DBELWRE
PRELWREL > T KEOBESHE RELE (FAR) &
o TUE S, Wilson fiaHic L A H#EEETIE, R (7.2.2)
DA RO ERAT %,

| Fx [2= {y(26) —yu 26}/
smg PrL () 3P (A2) (7.2.3)
7212 U, v (260x) 132601238 B BBGEEE, », (266) 1326k
WBIENw 7770 FigEERT, A (7.2.3) O
AR, I () OFIERELEITT — 5 2% hhd i
PIKBET 2 L5150 T, LeBail ikick kg 3
Ic(o”idES NS, LU ab initio BT T, 72
2SS R 7z Le Bail AT /5 TH EHELT
AFHRIRE R R BBICIERE 52 5 L bR k0,
WAEZE AT AV 5EE, BHORBE ST X —
Y—% b LIWZHBE L I« () 2WHEE LTE 25,2
DFE, HEE FNVICHETWTHE U/ Y — v 23]
NRY =V TEBHRTRELS T 25 L5 CRERFOD
WIRE R RET 5, BEE TNV EETICID AL Z &
kD, WA TRHD DD, HEEECHET S
THERBaha Lk b,

fEAT D& B 72 Uiz sample.ffo (BA#, sample 3fF
BORHELE2ETOOLHHTS) L5774
e b, #Zwidhkl: EHFHE, FWHM : ¥
ELEC ), | F |?: BAESEE, 4% THEERE
(A), 20 E—ZE(C ), Area: 707 7 4 VDT
M, I/1 b shi- e —7ERSTIRENTHS

(Fig. 7.2.1F), 2 BIHMUBEO#E T, sample.ffo
% sampleffi L WHZ[ L TBHE, 2O7 740D
| By |2 % | F, |*OWIEE 35 2 E08TE 5, %k,
Z O sample.ffo IXE#EE 707 F SIRPOW P CHE S
HrD D, ZOWELATIIRT,

Top of a = .ffo file

>hkl

011 0.0519
101 0.0522
110 0.0524
002 0.0526
111 0.0528
012 0.0531
020 0.0533
102 0.0533
021 0.0536
112 0.0537
120 0.0539
200 0.0539
121 0.0541

FWHM

|F[2
18.1054
25.2433
16.2482
115.138
12.9688
23.0675
13.1055
59.0070
12.2156
32.0247
138.736
36.0253
28.8320

d
9.9556
9.0057
8.3500
7.8679
7.3759
6.7108
6.4278
6.3959
5.9505
5.7263
5.5474
5.4910
5.2318

210 0.0543 2.695320E-6 5.0496

« Equi-partition
« Estimation by
Wilson's statistics

IDifft‘apt 01‘1 da(az

Background
profils:

2-th

3.
4.
4.
5.
5.
5.
6.
6.
6.
6.
7.
7.
.084

7
7

983
404
750
041
377
911
171
202
667
928
152
225

.858

Area /0
29.9902  42.5
34,2175 48.3
18.9357  26.7
59.5719  83.0
23.5899  33.0
17,3692 26.7
4.52691 6.3
40.3612  56.1
7.23333  10.0
35,1254 485
71.4097 100.0
9.08391 12.5
26.4035  36.3

1.149801E-6 0.0

» Introduction of partial
structures

Le Bail analysis

RIETAN-2000

sample.fo(ffh)

1kl FWHM, |72,

FWHM, d, ...

Top of a *.ffo file

>

Figure 7.2.1. Flowchart of Le Bail refinement (upper)
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LeBall an;\lysis'
- RIETAN-2000

Isteycle

o o) [ St |

sample.ffo(ffi)
1K1, FWHM, 17,
FWHM, d, ...

2-th
.983
.404
.750
. 041
.377

L1171
.202
667

152
.225
584
.858

Area
29.9902
34.2175
18.9357
.5719
.5899
.3692

4.52691
40.3612
7.23333
35.1254
71.4087
9.08391
26.4035
1.149801E-6

an example of*.ffo (ffi) (lower).
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— IR F v T —RRBEEORAART NN -V 25
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BREAL, 707 7 A WVEHEEHOBRE DWW T
BTIRARBD, ZZTE yud (=7 fIBTDT T v
7 KRBT DEFEE) XPC(PC=0.01) X% % 24
i Uie,

Ny 275wy REKE L TILRONVY ¥ > FIVE
R I % Fl vz Le Bail f#47 @ & &8 % Fig.
7.2.22 W0HRT,—RIL74 v PLTWBREIICRZ
308, EAMEBOEENNY 2 77T FORRIEET
STEBY,HLLIEMEEZARICEEREbD > T3,
FBAMBEAESICBT 5707 7 4 VOBEER
LT3, ik CTHRAES D bHENy 7 75T
R385 5 T3, RIETAN-2000Cid, —& Z Off
BMHRIRR DT DI T (“0") PR &R o7 T LT
1%, Ix(“0”) ZBEEYOEELTLES DT, TH
EIEWE 13D VB, Fig. 7.2.2a OFEHRIE, 11RO
WY v v RVERSERNIZT TR 7779 P
T ERBETERWI L, KEWELLUEE TN
w7 Ty REERNCRBED 2008RER I L
RLTWwb,

DX T4y bOELWLBANY TSR EL
T, F¥y 7Y —PHEMERYEICLS T8,
REILELSOHEAXGIC L D A0—TBRET LN,

RIETAN-20004 33F 72288/ 3w 7 757 v RS
YWD FHRBPEA L, HO»UDMLLOTETN
v 27 79y ROBREEVICKRDTEE, AT
w 7D 28, & & H I sample.bkg &5 7 7 A Wiz EiR
L, RIETAN-2000ic3EAAE Y %, TS DfEIIVY
¥ FVERSEREHI L OBEE NNy 7757
v RBEETH B, ELPERNSY 7 75T R0
a7 9 A (B21F PowderX'®) H 5wk RIETAN i
Do S EfF ST B HBUNy 72 75 7 2 F OHfE
WREZ FHWTHRET %3, ANy 77792 FE#E

80000]
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70000 R, =212%
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Figure 7.2.2.Le Bail-refinement (equi-partition method)
patterns for the X-ray powder diffraction data
of CpH,N,0:-HCl at room temperature.
Background functions: (a) 11th degree Legen-
dre polynomial; (b) product of the background
profile and 11th degree Legendre polynomial.
Observed diffraction intensities are represented
by plus (+) marks, and the calculated pattern
by the solid line. Differences between the obser-
ved and calculated intensities are given near the
bottom. Short vertical marks below the obser-
ved and calculated patterns indicate the posi-

tions of allowed Bragg reflections.

T Le Bail f#ft 2 {T- iR % Fig. 7.2.2b 7
oy Uk, RIRFHETFTHY, BAFERICBT 5
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INE R RETORD IFELb L RoTz, b7 a”7
FANDETIEODRL RS b Riwext LES 7w
77 ANERR#EAT 52 LT, RATHE o iE
25 (Rep=1.6%, R,=1.2%, Rx=8.08%)Z L%
HERR L 720

BB ERP S, N 7770 2L 0E
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RABE, SHEREREHE T Tk, BEHERE
TEREZOTWRAHF Y ET Y — KRB 2 RE LT
NA-Y 27 —BINFERTEL KBTI R FRET 5,
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VOBORERERELSELT S I EBHPALIPC D
fE%0.006£0.081C Lz & & D88 — U HREDRER %
Fig.7.2.31278 3, PC=0.0050%4&, 707 74 VD
WHNEL > TV R CIRBEIHEENS {sKEsn
TWwixw, BEY -7 WCHEHT S &, BET 25O
TR E OFFEELSSERWED & Oz Fh T b,
Lind 77 Al <4 FAAOHEHEMZTIZELL k>
T3 I eWBbhrd, TR ZERBEITICE Y CE
#ERIFERE (serial correlation) WWE L T3 2 & 23
LTVwd, WoltAZDE I RREEHES &, Zhil
R fEHT R A T b EIGE ARSI U s o Te o — T,
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EEBS Lo fiikED 2 Z & T R KFBIEHIC
BETLTWL ZENbhol,

7. 3 Ab initio fRET~DIGH
Z Z Tk RIETAN-2000i & % Le Bail f§fF Ot
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Figure 7.2.3.Le Bail-refinement (equi-partition method)
patterns for Pb-LSX. (a) PC=0.005 and (b)
PC=0.08.
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PE L7z Fig. 7.2. 107 0 —9 v — M - TR
EERHLObL, EEFRIZED S, O»oRsb VA ¥—
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¥ —# (Maximum Entropy Method: MEM) 71 2" 5
2 MEED'™ & O##IZ & 0, BTEESAA ey
5, MEM OF DBt ER I 2 E0 L, HEL I N
BFRESGA A —O» 0T VL - BIEE2T0,
Vo= bV MERANT 4 — PNy 2755, ZZ2TER
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[(CHy) [N]*A & > OB 2 FRZ 120D T < Y HIE
DFERZIREG L, BRI ERMEES Cnmm DESHT
THd Amm2r Lic, FLTZQEE SO A%,
BETNWEBTFEEAA-VP—ET 3L TITOREK
B eTVERELE (Fig.7.3.1) 2OLEDY) —
b L b EITRER 2 Fig. 7.3.210R ¢, R AT, #8
Sa7a 7 74 VENOFEIG &, split atom €7 V% FH
v, TE5E0 MEMOBEREQAYY AT MNERS
IOBRETNEHETLIEICED Ryp=5.85% (R.=
5.51%), R,=3.86%, Rpy=1.25% and Rr=0.91% &
TR WEDSE Sz,

B-HLS OFH# & UTEEHEZEIZY —5 74 » (SOD)
T=PRESGEH ST L D, BBROYA A MY —

wo TMA

(b)

010}

Figure 7.3.1.Perspective view of the final structural! model
for the HLS along the (a) [010] and the (b)
[010] directions. TMA ions are incorporated

into cup-shaped cages.
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Figure 7.3.2.Rietveld-refinement patterns for the HLS. Ob-
served diffraction intensities are represented by
plus (+) marks, and the calculated pattern by
the solid line. Differences between observed and
calculated intensities are plotted near the bot-
tom. Short vertical marks below the observed
and calculated patterns indicate the positions of

allowed Bragg reflections.
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TMA [Na(1,0),I* ions

Figure 7.3.3.Electron-density image obtained after two
REMEDY cycles. The orientation of methyl
groups in TMA ions, Na* ions and H,O mole-
cules are clearly seen. The equi-density level

was set at 0.4e/A°%.
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