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During the fiscal year 2003, the Tokai Research Establishment research reactors carried out
8 cycles of joint use reactor operation at JRR-3 and 42 cycles at JRR-4. V
The research reactors are being utilized for various purposes including experimental studies
such as neutron scattering, prompt gamma analysis, neutron radiography and medical |
irradiation (BNCT), and irradiation utilization such as neutron activation analysis of various
samples, Irradiation Test of Reactor Materials and fission track.
This volume contains 246 activity reports, which are categorized into the fields of neutron
scattering (9 subcategories), neutron radiography, neutron activation analysis, reactor
materials, prompt gamma analysis, and others, submitted by the users in JAERI and from

_other organizations.

Keywords: JRR-3,J RR-4, Research Reactor, Neutron Scattering, Neutron Radiography,

Neutron Activation Analysis, Neutron Beam, Irradiation



JAERI-Review 2005-034

H /N

........................................................................................................

) BB B e
) BB B B G e,
A B B e v

................................................................................................

8) B B et
COVEBEEIETT et
10) B DML e
iR e OO
BIBE A 2 L IRIIMT oot
HIHAESNT oo eveeerressbenese s enE et iabenesedieses s SraneFenn e

AN O i

To DML e .

..



Preface

>

Research Reports
1. Neutron Scattering
1) Structure* Excitation
~2) Magnetism
3) Superconductivity
-4) Amorphous-Liquid
5) Polymer
~6) Biology
7) Fundamental Physic's * Neutron Optics
8) Instrument
9) Residual Stress
10) Others
2. Neutron Radiography
3. Prompt Gamrha-ray Analysis
4. Neutron Activition Analysis
5. Production of Radio Isotopes
6. Irradiation Test of Reactor Materials

7. Others

JAERI-Review 2005-034

Contents

.......................................................................................................

...........................................................................................

....................................................................................

...............................................................................

..........................................................................................

..................................................................................

..............................................................................

.............................................................................................

e T R R R R R AL R R L AR R A

.......................................................

..........................................................................................

....................................................................................

................................................................................................

.................................................................................

........................................................................

.....................................................................

.....................................................................................................

..............................................................................................

R R T L R R R R SRR R R R LR AR R AR AR AR AR

25
25
63
137
179
193
231

. 243
- 249

261
279
289
323
347
407
411

415
446

447



C YRR 1 5 fEEE

Zix.

JRR—3IZBWT 8V A 7 LpikEFH A EER,

JAERI-Review 2005-034

X L ® 2

T4 2% A4 27 VO FEFMAEGERT2b, ZZEVIEIERFABTONI.
AMEE T, FIHE EAFRAELZS) »POYSEFAOREDREEZIT, BV E
EDELDODTHDB,
BHLUTEWVEREOESIT, PHTHELL 934, PHFI AT T 741 44k, B
WA e BN 9. B b 2 24, RIOBLE 1 4, HFFMERAERR2HE, 20
MsHTAR246 4 ThHoTz, B, AREZBO—HEITEHREEOTNLEHIET

THWWz,

Bgic, BMERELCENVEHAZEOSHEO ZHAICERHT S & &bl 4% bHF%E
FRAEHCFHIAEN, BrOWREPELICERSI NS Z L 2HFLET,

W47 PR
W R

1)t% &
LR— NEE
b #
¥ 1T B

DE |
LAR— &
R #
*® 1T #

: ACTIVITY REPORT ON NEUTRON SCATTERING

RESEARCH issued by ISSP-NSL,University of Tokyo
(RRKFWMHF T FIT)

: Vol.Il (1 1%)
L B R FE R FE T
c2004%

R R A LRAFERRREE (FR1 5FE)
: UTRCN-G-33

CHRKZERFAMAEREE S 7 —

:2004%

JRR—4iZBW



This is a blank page.




JAERI-Review 2005-034

MREBRR &'

Research Reports



This is a blank page.




JAERI-Review 2005-034

No. I Title | Page
Neutron Scattering - Structure = Excitation -
1-1-1 | Phonon Study on high Performance Thermoelectric Material “Skutterudite” 27
C. H. Lee, M. Matsuda, H. Sugawara
1-1~2 | Structural Change of the Li-doped Lanthanum Titanate Perovskite La,;;_. Li;, TiO; 28
W.Nakamura, M. Yashima, D. Ishimura, S. Kobayashi, K. Oh-uchi, M. Itoh, K. Ohoyama
1~1-3 | Direct Observation of the Hydrogen Transfer in the Solid-State Organic Photoreaction
by Neutron Diffraction Method 30
T. Hosoya, H. Uekusa, T. Ozeki, Y. Ohashi, T. Ohhara, I. Tanaka, N. Niimura
1-1-4 |Determination of Disordered Configuration of Methylammeonium in the Cubic Phase of
CH;NH;PbBr; by a Single Crystal Neutron Diffraction Method 31
H. Mashiyama, H. Kasano, T. Asahi, Y. Noda, H. Kimura '
1-1-5 |Momentum Dependence of Low Energy Modes of Methane Hydrate
T. Kamiyama, S. Ohonuma, D. Nio, Y. Kiyanagi, T. Uchida, T. Ebinuma, H. Narita, N. Igawa 32
Y Ishii
1-1-6 |Neutron diffraction Study on (CH;),CHNH;Cu(Ci,Br_,); 33
H.Manaka, M. Watanabe, Y. Noda, I. Yamada
1-1-7 {Smali-angle Neutron Scattering Study on the Precipitation of 6600 Al Alloys 34
M. Ohnuma, J. Suzuki, T. Honma, K. Hono
1-1-8 |High-Temperature Neutron Powder Diffraction Study of Cerium Dioxide CeQ, Up to
1497°C 36
S. Kobayashi, M. Yashima, D. Ishimura, K. Oh-uchi, W. Nakamura, K. Ohoyama, K. Kawachi
T. Yasui
1-1-9 |Neutron Powder Diffraction Study for §=1/2 Quantum Antiferromagnet NH,CuCl,_ 38
M. Fujisawa, A. Oosawa, Y. Ishii, H. Tanaka, K. Kakurai
1-1-10 |Neutron Structure Analysis of h-BrHPLN at Room Temperature and Low Temperature 39
R. Kiyanagi, H. Kimura, M. Watanebe, Y. Noda, T. Sugawara, T. Mochida
1-1-11 |Lattice Dynamics of PbTiO; 40
1. Tomeno, Y. Ishii, Y. Tsunoda, K. Oka, H. Unoki
1-1-12 |Magnetic Structure of Filled Skutterudite TbRu,P;, 41
K. Kihou, C. H, Lee, C. Sekine, H. Kito, L. Shirotani
1-1-13 Modulated Structure of Bi-substituted Misfit Layered Cobaltite [Ca,CoO;], CoOz 42
Y. Miyazaki, Y. Suzuki, M. Onoda, N. Igawa, Y. Ishii, Y. Morii, T. Kajitani
1-1-14 Anomalously Large Debye-Waller Factor of Pr ions in PrOs,Sbh,, 43
K. Iwasa, M. Kohgi, H. Sugawara, H. Sato
1-1-15 Neiitron Powder Diffraction Study of RBy, 44
T. Osakabe, F. Iga
1-1-16 |{Crystal Structure Determination of Cao_SSrLsAleiOﬁCe:'+ by Neutron Diffraction 45
Y. Ito, K. Uematsu, K. Toda, M. Sato
1-1-17 |Structural study of CasRu,0, by Powder Neutron Diffraction 46
Y. Yoshida, S. I Ikeda, N. Shirakawa, N. Aso, M. Nishi, Y. Uwatoko, S. Katano
1-1-18 |Li Content Dependence of Thermodynamic Stability, Crystal Structure and Electrode
Performance of Li,Mn, \M, 0, as a Cathode Active Material for the Lithium 47
Secondary Battery
Y. Idemoto, K. Horiko, H. Sekine, N. Koura
1-1-19 [Defect Structure of Oxygen-Excess Pyrochlore-type Ce,Zr,03 Elucidated using
Neutron Powder Diffraction 49
H. Otobe, N. Igawa, Y. Ishii
1-1-20 |Development of the Uniaxial Pressure Cell for Neutron Diffraction and its Study on
Pressure Induced Ferromagnet Sr;Ru, 0, 50

N. Aso, H. Kimura, Y. Noda, Y. Uwatoko, Y. Yoshida, S-I Ikeda, S. Katano




JAERI-Review 2005-034

1-1-21

Neutron Diffraction Analysis of Hydrogen Bonding Networks of Inosine 5'-Monophosphate
Hydrate Stable in the High—Humidity Range :
S. Yamamura, Y. Sugawara, H. Kimura, Y. Noda

51

1-1-22

Impurity-Induced Ferroelectric Phase Transition in a Quantum Paraelectric KTaO;
Y. Yamada, T. Komaki, S. Asanuma, Y. Uesu

52

1-1-23

Structure Determination of Lithium-Inserted Fe,(SO4); Cathode Materials with -

. |Fey(SO,); Type by Neutron Diffraction

M. Sato, Y. Katayama, S. Tajimi, K. Uematsu, K. Toda

54

1-1-24’

Structure Determination of Lithium Ion Conductor Li,GeSe, with Thio-LISICON
Related Structure by Neutron Diffraction
M. Sato, T. Makita, K. Uematsu; K. Toda

55

1-1-25

Lattice Dynamics of KTa; ,Nb,O;
1. Tomeno, M. Nishi, Y. Tsunoda, K. Oka, H. Unoki

56

1-1-26

Anisotropic Diffuse Scattering in p-Tin
M. Takahashi, K. Ohshima, Y. Noda

57

1-1-27

Behavior of Z,-Z; Phonon Branches that Contribute to the Hypothetical Phase Transition
in (Kl_xbe)zseOQ
H. Shigematsu, Y. Akishige

58

1-1-28

Phase Transition of y-Nag 70Cag g7C00,
Y. Ono, T. Motohashi, H. Yamauchi, T. Kajitani

59

1-1-29

High-Temperature Neutron Powder Diffraction Study of the CaZrO; Perovskite
K. Oh-uchi, M. Yashima, D. Ishimura, S. Kobayashi, W. Nakamura, K. Ohoyama

60

| 1-1-30

Visualization of Oxide-Ion Conduction Path in LaGaO;-Based Perovskites
K. Nomura, M. Yashima, H. Kageyama, Y. Miyazaki, N. Chitose, K. Adachi, K. Choyama

61




JAERI-Review 2005-034

S. Itoh, K. Iwasa, R. Kajimoto, M. J. Bull, N. Aso, M. A. Adams

Noe. I Title 1 Page
Neutron Scattering - Magnetism -
1-2-1 (Phonon Measurements in the Spin Gap System TICuCl, 65
A. Oosawa, K. Kakurai, H. Tanaka
1-2-2 [Neutron Diffraction Study on CeGa under High Pressure 66
S. Koiwai, M. Kosaka, M. Nishi, N. Mori
1~2-3 |Magnetic Excitations from the Linear Heisenberg Antiferromagnetic Spin Trimer
System A;Cu;(PO,), with A=Ca,Sr, and Pb 67
M. Matsuda, K. Kakurai, A.A. Belik, M. Azuma, M. Takano, M. Fujita
1-2-4 |Magnon Dispersion Relations in PtFe Alloy 68
H. Kobayashi, Y. Tsunoda
1-2-5 |[Two Magnetic Transitions of NdBaCo,O¢ 69
M. Soda, Y. Yasui, M. Tto, S. likubo, M. Sato, K. Kakurai
1-2-6 [Successive Magnetic Phase Transitions Associated with Ferroelectricity in ErMn,O; 70
S. Kobayashi, T. Osawa, H. Kimura, Y. Noda, I. Kagomiya, K. Kohn
1-2~7 |Structures and Spin States of NdBaCo,0; 5 71
M. Soda, Y. Yasui, M. Ito, S. likubo, M. Sato, K. Kakurai
1-2-8 |Field-Induced Magnetic Structures of Rare-Earth Intermetallics, DyNiSn 79
S: Kawano, K. Murogaki, Y. Andoh, M. Takahashi, M. Kurisu, G. Nakamoto, T. Tsutaoka
1-2-9 |Spin State Transition of Pr;_, Ca,.CoO;
T. Fujita, Y. Yasui, T. Miyashita, Y. Kobayashi, M. Sato, Y. Shimojo, N. Igawa, Y Ishii, 13
K. Kakurai
1-2-10 |Neutron Scattering Study of (Zn,Ge, ,)Co,0, 74
K. Kamazawa
1-2-11 |Estimation of Temperature Dependence of Magnetic Structure of Z-type barium ferrite
Ba;Co, gFey4204; by Powder Neutron Diffraction 75
Y. Takada, T. Nakagawa, Y. Fukuta, T.A. Yamamoto, T. Tachibana, T. Shimada, Y. Ishii
N. Igawa
1-2-12 |High Spin-Low Spin State Transition in GeCo,0, 76
K. Kamazawa, 1. Kagomiya, S. Park, T.J. Sato, S.-H. Lee
1-2-13 |Crystal and Magnetic Structures of Triple Perovskite Ba;Fe,ReO, 77
M. Wakeshima, K. Yamamura, Y. Hinatsu, N. Igawa, Y. Ishii
1-2-14 |Field Cooling Effect in Magnetic Neutron Scattering of ZnCr,0, Crystal IV
I. Kagomiya, A. Hatanaka, H. Yanagihara, K. Kohn, K. Nakajima, E. Kita, K. Kakurai 78
K. Siratori
1-2-15 |Crystal Structure of the Spin Gap System TICuCl; 80
: A. Oosawa, Y. Ishii, K. Kakurai, H. Tanaka _
1-2-16 |Study of Pressure Effect on the Ground State Properties of SrCu,(BOs), 81
H. Kageyama, M. Nishi, A. Lappas, N. Aso, K. Kakurai, Y. Ueda.
1-2-17 |CRYOPAD on the Triple-axis Spectrmheter TAS-1 'fqr Spherical Polarimetry 82
M. Takeda, M. Nakamura, Y. Shimojo, K. Kakurai, E. Lelievre-Berna, F. Tasset, L.-P. Regnault
1-2-18 |Neutron Spin Echoe Study on the Critical Spin Dynamics in the Percolaﬁng Ising Magnet 83
S. Itoh, K. Iwasa, K. Kakurai, M. Nishi, K. Nakajima
1-2-19 |Study of Ferromagnetism of CeP under High Pressure 84
D. Kawana, T. Osakabe, A. Hannan, M. Kohgi
1-2-20 {Critical spin Dynamics in Heisenberg Percolating Antiferromagnet, RbMn, ;; Mg, ¢ Fs 85




JAERI-Review 2005-034

1-2-21 |Ni Impurity Effects on the Antiferromagnetic State m the Lightly Hole-doped La, ,Sr,CuO,
H. Hiraka, T. Machi, N. Watanabe, Y. Itoh, M. Matsuda, K. Yamada

86

1-2-22 |Neutron Diffraction Study on Y, Dy, MnsSng Alloys
T. Hori, H. Shiraishi, K. Ohoyoama, Y. Yamaguchi

87

1-2-23 |Magnetic Field Effects on the Diffuse Scattering of a Spin-Frustrated Spinel Ferrite
ZnFe,0, Single Crystal ' 88
K. Kamazawa, K. Katano, Y. Tsunoda

1-2-24 |Magnetic Properties of Ni-Doped Antiferromagnet La, ,Sr,CuOy

H Hiraka, A. Fukaya, K. Yamada, M. Matsuda, T. Machi, N. Watanabe, Y. Itoh %
1-2-25 |Magnetic Structure and low Energy Excitation in a Non-Centrosymmetric Heavy
Fermion Superconductor CePt;Si ot
N. Metoki, K. Kaneko, T.D.Matsuda, A. Galatanu, T. Takeuchi, S. Hashimoto, T. Ueda
R. Settai, Y. Onuki, N. Bernhoeft
1-2-26 |Magnetic Structure and Tetragonality in MnPt Alloy 93
H. Hama, T. Ikeda, Y. Tsunoda
1-2-27 |Magnetic Structure of NpFeGag o4
E. Yamamoto, N. Metoki, K. Kaneko, D. Aoki, Y. Homma, Y. Shiokawa, Y. Onuki
1-2-28 |Magnetic Phase Diagram of Ce(Ni;_Pd,),Ge, Proximate to the Magnetic Instability 95

T. Fukuhara, H. Kadowaki

1-2-29 |Magnetic Structure, Phase Diagram, and Metamagnetic Transition in NpCoGa;
N. Metoki, K. Kaneko, E. Colineau, N. Bernhoeft, D: Aoki, Y. Homma, Y. Shiokawa’ 96
E. Yamamoto, Y. Onuki

1-2-30 |Ground State of the §=1/2 Kagome-like Lattice System Cu;Bi(SeQ;),0,Cl

A. Fukaya, H.Hiraka, K. Oyama, K. Yamada %

1-2-31 |Magnetic Properties of 5f Itinerant Antiferromagnet UPdGag 99
S. Ikeda, N. Metoki, Y. Haga, K. Kaneko, T.D. Matsuda, Y. Onuki

1-2-32 |Magnetic Structure of 6H-Perovskites Ba;MSb,0,(M=Mn and Co) 101
Y. Doi, Y. Hinatsu, K. Ohoyama

1-2-33 |Antiferromagnetic Ordering in a Ternary Uranium Compound U;NisAljy i02

Y. Haga, N. Metoki, K. Kaneko, Y. Onuki

1-2-34 |Neutron Scattering Study on Magnetism and Superconductivity in UGe, .
N. Aso, H. Nakane, N.X. Sato, G. Motoyama, Y. Uwatoko, T. Takeuchi, Y. Homma 103
Y. Shiokawa, K. Hirota '

1-2-35 {Magnetic Excitations in Heavy-Fermlon Superconductor PrOs,Sh,,

K. Kuwahara, K. Iwasa, M. Kohgi, K. Kaneko, S. Araki, N. Metoki, H. Sugawara, Y. Aoki 104
H. Sato .

1-2-36 |Neutron Diffraction Smdies on DyPdSn 105

. Y. Andoh, M. Kurisu, G. Nakamoto, T. Tsutaoka, S. Kawano :

1-2-37 {Magnetic Structure of SrFe; Co,0;; undgr Extemaj Magnetic Field 106
Y. Yasui, M. Soda, S. Iikubo, T. Ido, M. Sato, K. Kakurai, M. Nishi

1-2-38 |Neutron Diffraction Study of Magnetic Transition in Cu, , Li, O 1 08

} X.G.Zheng, T. Mori, K. Ohoyama, H. Hayashida, A. Hoshiko

1-2-39 |Crystal and Magnetic Structure of CaNdFeO, 109
M. Wakeshima, S. Oyama, Y. Hinatsu, K. Ohoyama

1-2-40 |[Superexchange Interaction of (Ba,_, Sr, )ZanFenOzz and Ba(FeI +Se, )12019 110

S. Utsumi, N. Momozawa




JAERI-Review 2005-034

1-2-41 |Neutron Diffraction Studies on ThsRh; 112
T. Tsutaoka, T. Tokunaga, Y. Andoh, S. Kawano, G. Nakamoto, M. Kurisu
1-2-42 |Neutron Scattering of CoCr,0, 13
K. Tomiyasu, J. Fukunaga, Y. Tsunoda, K. Kohn
1-2-43 .|Magnetic Structure and Fluctuation of NiCr,0, i14
K. Tomiyasu, 1. Kagomiya
1-2-44 |Spin Density Distribution m Ordered Complex Perovskites 116
Y. Todate, H. Kimura, Y. Noda
1-2-45 |Neutron Powder Diffraction of Th,sYsB;C, 117
A.Tobo, M. Haino, K. Ohoyama, H. Onodera .
1-2-46 |Reinvestigation of Magnetic Structures for the Thermally Induced States of CuFe,; ,Al,O,
(X=0.00, 0.02 and 0.05) Using Four-Circle Neutron lefractometer | 118
N. Terada, T. Kawasaki, S. Mitsuda, H. Kimura -
1-2-47 |Magnetic Phase Diagram of Triangular Lattice Antiferromagnet CuFe, AL O, 119
N. Terada, T. Kawasaki, T. Fujii, S. Mitsuda
1-2-48 |Anomalous Magnetic Excitation on Triangular Lattice Antiferromagnet CuFeQO,
: 120
N. Terada, S. Mitsuda
1-2-49 |Magnetic Fluctuation in Pt; Mn (C <0.16) 191
M. Takahashi, K. Ohshima, T. Shishido, K. Hirota
1-2-50 |Magnetic and Neutron Diffraction Study on Ni;In Type (MnyT )¢sSnzs (7'=Ti,Cr) 122
H. Shiraishi, T. Hori, K. Ohoyama, Y. Yamaguchi
1-2-51 |Spin-Glass State of (Pd; ,Ag,)ooMny, Alloys 193
K. Sato, Y. Ito, Y. Tsunoda '
1-2-52 |Magnetic Correlations in the p-type Icosahedral Zn-Mg-RE Quasicrystals :
. 124
T. J. Sato, A. P. Tsai
1-2-53 |Field Induced Antiferromagnetism in the AFQ System PrPb;
T. Onimaru, T. Sakakibara, T. Tayama, N. Aso, H. Yoshizawa, D. Aoki, Y. Onukl T. Kawae 125
T. Kitai, T. Takeuchi
1-2-54 |Three Dimension Measurements of Magnetic Diffuse Scattering in the Rare Earth
Compound ErB,C, : 126
K. Ohoyama, H. Kimura, Y. Noda, K. Kaneko, A. Hino, A. Tobo, H. Onodera
1-2-55 |Magnetic Excitations in the Antiferroquadrupolar Ordering Compound HoB,C, 127
K. Ohovama, K. Kaneko, A. Tobo, K. Hirota, T. Matsumura, H. Onodera :
1-2-56 |The 90 Degrees Fe-O-Fe Interaction of GeFe,0, 128
Y. Noma, K. Kamazawa, 1. Kagomiya, K. Tomiyasu, K. Ohyama, Y. Tsunoda
1-2-57 |Neutron Diffraction Study of Distorted-Triangular-Lattice Ising-like Antiferromagnet
TICoCl; 129
Y. Nishiwaki, K. Iio, T. Kato, Y. Oohara
1-2-58 |Observation of Spin-Gap in the Two-Leg Ladder System Srg3; V,0¢ 130
M. Nishi, M. Isobe, Y. Ueda
1-2-59 |Ferromagnetic Spin-Ordering in Photo-reactive RbMn[Fe(CN)][1] 131
Y. Moritomo, A. Kuriki, K. Ohoyama, H. Tokoro, S.Ohkoshi, K. Hashimoto, N. Hamada
1-2-60 |Spin Structures of Cr in Epitaxial Cr(011)/Sn Multilayers with Monatomic Sn Layers 132

K. Mibu, N. Jiko, M. Takeda




JAERI-Review 2005-034

1-2-61 |Neutron Diffraction Study on ThPtSn

. 1
M. Kurisu, G. Nakamoto, Do Thi Kim Anh, Y. Andoh, T. Tsutaoka, S. Kawano 33

1-2-62 |Magnetic Form Factor in CeB,
Y. Kousaka, H. Ichikawa, M. Togasaki, M. Saitoh, N. Okada, E. Nishibori, M. Sakata, 134
K. Hirota, M. Nishi, K. Kakurai, M. Takada, Y. Noda, S. Kunii, J. Akimitsu

1-2-63 |Impurity Effect on the Spin Correlation of the n-Type Superconducting Cuprate
Pro,sgLaCeo‘nClll_y Zny 04,}, 135
M. Fujita, A, Hino, H. Goka, K. Yamada




JAERI-Review 2005-034.

S. Kawarazaki, Y. Tabata, Y. Okita, C. Kanadani, Y. Uwatoko

No. I Title I Page
- Neutron Scattering - Superconductivity -
1-3-1 Effect of Magnetic Field on Static Spin Correlation in Electron-doped System 139
M. Fujita, M. Matsuda, S. Katano, K. Yamada
1-3-2 |Hidden Order and Antiferromagnetism in U(Ru,_, Rh, ),Si;(x <0. 05) 141
H. Amitsuka, M. Yokoyama, S. Itoh, I. Kawasaki, K. Tenya, H. Yoshizawa
1-3-3 |Field-Induced Magnetic Phase in a Heavy-Fermion Antiferromagnet Ce;Ni; 143
K. Umeo, K. Motoya, N. Aso, H. Kadowaki, T.Takeuchi, T. Takabatake
1-3-4 |Magnetic Structure of Itinerﬁnt Antiferromagnet CrB, 145
H. Ichikawa, T. Nemoto, N. Motoyama, J. Akimitsu, K. Iwasa
1-3-5 |Effect of Deviation from 1/8-Doping on the Stripe Fluctuation in La, ,Ba CuO, 146
H. Goka, M. Fujita, T. Adachi, T. Manabe, Y. Koike, K. Yamada
1-3-6 |Thermal Melting of Stripe Correlations in La, gsBay ;sCuQO, 147
M. Fujita, H. Goka, K. Yamada
1-3-7 |Neutron Scattering Study of the Anisotropic Spin Fluctuation in Sr,RuO, 148
H. K. Furukawa, M. Urata, T.Nagata, H. Yoshizawa, H. Kadowaki, P. Dai
1-3-8 |Electronic Structure and Magnetism of Na; ,sC0Q, in Strongly Correlated Electron Systems 150
H. Okabe, M. Matoba, K. Ohoyama, T. Kyomen, M. Itoh
1-3-9 |Spin Dynamics of Strongly Disordered Kondo-lattice System Ce(Ruy, <Rho 5)7250 152
Y. Tabata, T. Taniguchi, N. Osaka, S. Kawarazaki, H. Kadowaki, N. Aso ,
1-3-10 |A -site Randomness Effect on Perovskite Manganites, R BaMnZO,; 154
T. Nakajima, H. Yoshizawa, Y. Ueda
1-3-11 |Crystal Structure of Thermoelectric Materials: Na,CoO, 155
H. Nakatsugawa, K. Nagasawa
1-3-12 |Impuriiy-Induced Ferromagnetism and Impurity States in Nd;,Ca,,(Mng 9sM 5)O5[1] 157
Y. Moritomo, K. Murakami, H. Ishikawa, M. Hanawa, A. Nakamura, K. Ohoyama
1-3-13 |Inelastic Neutron Magnetic Scattering in the Metallic Phase of TmTe under High Pressure 158
T. Matsumura, H. Ishida, K. Hirota, M. Nishi
1-3-14 |Magnetic Nature of Nag 55 CoO, in Frustrated and Correlated Systems 159
M. Matoba, T. Takeuchi, H. Okabe, K. Ohoyama
1-3-15 |Magnetism of Layered Cobalt Oxysulfide Sr2Cu2C00282 with Strongly Correlated CoO,
Square-Planes 161
M. Matoba, S. Okada, T. Takeuchi, Y. Kamihara, K. Ohoyama, Y. Yamaguchi
1-3-16 |Spin Fluctuation of Overdoped La, Sr,CuO, Studied by Neutron Scattering 163
C. H. Lee, H. Hiraka, K. Yamada
1-3-17 |Magnetic Form Factor in the Heavy-Electron System URu,Si, 164
K. Kuwahara, H. Sagayama, M. Kohgi, M. Nishi, K. Nakajima, H. Amistuka
1-3-18 |Magnetic and Non-Magnetic Impurity Effects on the Low-Energy Spin Excitations in the
High-T . Superconductor La, g<Sr; 15sCuO, 165
M. Kofu, H. Kimura, K. Hirota '
1~3-19 |Observation of a Magnetic form Factor of Ferromagnetic YTiO; 166
H. Kimura, S. Komiyama, K. Kadoshita, Y. Noda, S. Miyasaka, Y. Tokura
1-3-20 |Alternation Between the "Itinerant" and "Localized" Antiferromagnetic Order in the
Kondo-Lattice Compound Ce(Ruy oRh, 1),(Si;.,Ge,), 167




JAERI-Review 2005-034

1-3-21

Magnon Excltatmns in RMnO;
R. Kaumoto H. Mochizuki, H. Yoshizawa, H. Shintani, T. Kimura, Y. Tokura

169

1-3-22

Magnetic Structure of ThMnO;
R. Kajimoto, H. Yoshizawa, H. Shintani, T. Kimura, Y. Tokura

171

1-3-23

Order Parameters and Magnetic Excitation in the AFQ Ordered Phase of PrFe P,
K. Iwasa, L. Hao, K. Kuwahara, M. Kohgi, H. Sugawara, Y. Aoki, H. Sato, T.D. Matsuda
J. -M. Mignot, A. Gukasov, M. Nishi :

173

1-3-24

Phonon Anomaly Associated with the 100K Spin-state Transition in LaCoO;
K. Asai, M. Suzuki, Y. Kobayashi, T.S. Naing, K. Yamada, M. Akimitsu, J. Akimitsu
P. Manuel, J. M. Tranquada, G. Shirane

174

1-3-25

Studies on the Magnetic Excitation Spectra of La, 5 . Nd, ,Sr,CuO,
S. Iikubo, M. Tto, Y. Yasui, M. Soda, M. Sato, K. Kakurai, M. Nishi

175

1-3-26

Observation of Orbital Ordering in YVO; by Polarized Neutron Diffraction Method
H. Ichikawa, M. Togasaki, Y. Kousaka, S. Soma, J. Akimitsu, T. Matsumura, K. Twasa

177

1-3-27

Observation of Orbital Ordering in Ca, ¢Sry,RuO, by the Polarized Neutron Diffraction

Measurements
H. Ichikawa, S. Soma, Y. Kousaka, J. Akimitsu, S. Nakatsuji, Y. Maeno, T. Matsumura
K. Iwasa

178




JAERI-Review 2005-034

No. [ Title | Page
Neutron Scattering -Amorphous - Liquid-

1-4-1 |Themal Vibration of Superionic Conducting Glass(Agl), s-(Ag;M00,),, 181
D. Hosaka, A. Thazin, T. Shimoyama, T. Sakuma, H. Takahashi, M. Arai, Y. Ishii ) ,

1-4-2 |Mixing State of DMF—NMF Binary Solutions Studied by Small-Angle Neutron Scattering 182
T. Takamuku, T. Kumai, K. Fujii, Y. Umebayashi, S. Ishiguro

1~4-3 |Origin of FSDP for Superionic Silver Vanadate Glasses 183
H. Takahashi, Y. Sanao, T. Sakuma, Y. Ishii

1-4-4 |Neutron Diffraction Study of Liquid Germanium-tin Mixtures 184
S. Takeda, Y. Kawakita, H. Shigeta, S. Fujita, Y. Kato

1-4-5 |Small-Angle Neutron Scattering of Supercritical Ethanol 186
N. Yamamoto, K. Yoshida, T. Yamaguchi, M. Nagao

1-4-6 |Slow Dynamics of fert-Butanol-Water Mixture by Neutron Spin Echo Technique 188 '
K. Yoshida, T. Yamaguchi, M. Nagao, H. Seto

1-4-7 |Hydrogen-Bonded Structure of Water Molecules in Ion Exchange Resins 190

Y. Kameda, K. Yamanaka, M. Sasaki, K. Tsuji, S. Oomori, Y. Amo, T. Usuki




N JAERI-Review 2005-034

K. Miyazaki, Y. Kawabata, T. Kato

No. I Title | Page | -
Neutron Scattering - Polymer -
1-5-1 |Crystal Structure of Deuterated Polyethylene 195
Y. Takahashi, T. Kumano .
1-6~2 |Structural Analysis of Metastable Phase of Triacylglycerols; the Order of the Acyl Chain Packing 196
C. Akita, T. Kawaguchi, F. Kaneko
1-5-3 |The First Success in Direct Extraction of Hydrogen Atoms in Polyethylene Crystal 198
K. Tashiro, I. Tanaka, T. Oohara, N. Niimura, S. Fujiwara, K. Kurihara, T. Kamae
1-6-4 |Neutron Reflectivity Study on the Stability of Ultrathin(Nanofiller/Polymer) Hybrid Films 199
N. Hosaka, H. Sakata, A. Takahara :
1-5-5 |Direct In-situ Observations in Living Anionic Polymerization by Small Angle Neutron Scattering 200
K. Yamauchi, H. Hasegawa, T. Hashimoto, H. Tanaka, R. Motokawa, S. Koizumi
1-5-6 [Small-Angle Neutron Scattering Study on Microstructure of Weakly Charged Polymer Gel
Particles 201
_F. Ikkai, M. Shibayama
1-5-7 |Small-Angle Neutron Scattering Observation on Soap-Free Emulsion Polymerization of poly
' (N -Isopropylacrylamide)-block -poly (Ethylene Glycol) 203
R. Motokawa, T. Nakahira, M. Annaka, T. Hashimoto, S. Koizumi
1-5~8 |Inter-Lamellar Interaction Modulated by Addition of Guest Components 204
M. Imati, R. Mawatari, K. Nakaya, S. Komura
1-5-9 |Small-angle Neutron Scattering Study on Living Radical Polymerization with Reversible-Additon-
Fragmentation-chain-Transfer (RAFT polymerization) Process of Styrene 205
N. Mukawa, R. Motokawa, M. Takenaka, T. Hashimoto, S. Koizumi
1-5~10 [Pressure-Induced Phase Transition of Poly(N-isopropyl acrylamide) Aqueous Solutions and Gels 206
K. Isono, S. Okabe, T. Karino, I. Nasimova, M. Shibayama
1-5-11 |Viscoelastic Effects on the Nucleation and Growth in Semi-Dilute Polymer Solution 208
M. Takenaka, N. Iwase, T. Hashimoto, S. Koizumi
1-5-12 |Small Angle Neuron Scattering from Slide-Ring Gels under Deformed State 209
. - | T.Karino, M. Shibayama, Y. Okumura, T. Kataoka, K. Ito
1-5-13 |Observation of Niobates Nanosheets in Aqueous Solutions by Neutron Scattering 210
D. Yamaguchi, N. Miyamoto, S, Koizumi, T. Nakato, T. Hashimoto
1-5-14 |Pressure Effects on Thermal Fluctuations of Amphiphilic Bilayers 9211
Y. Kawabata, M. Nagao, N. Yamada, S. Okabe
1-5-15 |Preparation of Palladium Nanoparticles with Dendrimers As Observed by SANS 213
H. Tanaka, T. Hashimoto, H. Ito, K. Naka, Y. Chujo, S. Koizumi
1-5-16 |Structural Analysis of Elongated Polyethylene Blends with High Molecular Weight Components 214
G. Matsuba, T. Kanaya, Y. Ogino, S. Sakamoto, K. Nishida, M. Shibayama
1-5-17 |In-situ SANS Observation of Enzymatic Polymerization of Artificial Cellulose 216
H. Tanaka, T. Hashimoto, K. Kurosaki, M. Ohmae, S. Kobayashi, S. Koizumi
1-5-18 |Structural Analysis of Nanoparticles Prepared by Core-Cross-Linked Block Copolymer Micelles 217
K. Matsumoto, H. Hasegawa, H. Matsuoka )
1-5-19 |Structural Analysis of Polymer Electrolyte Membranes Based on Crosslinked
Polytetrafluoroethylene by Small-Angle Neutron Scattering 219
T. Yamaki, M. Asano, R. Motokawa, S. Koizumi, M. Yoshida
1-5-20 .|Shear-Induced Transformation in a Nonionic Surfactant/Water System 290




JAERI-Review 2005-034

1-5-21

Neutron Spin Echo Study on Slow Dynamics of Lipid Bilayers in the DPPC/D,0/CaCl, System

T. Takeda, N.L. Yamada, Y. Kawabata, H. Seto, M. Nagao 221
1-5-22 {Shear-Induced Disruption and Recovery of Mlcrophase-Separated Network Structure of a BSB
Triblock Copolymer in Dibutyl Phthalate 222
H. Watanabe, Y. Matsumiya, T. Kanaya, Y. Takahashi .
1-65-23 |A Swollen Phase Neighboring the Interdigitated Phase in Aqueous Solution of DPPC 224
| H. Seto, N.L. Yamada, M. Hishida, H. Nobutou, M. Nagao, T. Takeda
1-5-24 |Preliminary Experiment on the Analysis of Water Structure at (Solid/Water) Interface by Neutron
Reflectivity 226
N. Hosaka, T. Koga, A. Takahara
1-5-25 'Small-Angle Neutron Scattering Study on Organogel Systems Formed with Oilgelators
‘ v 227
S. Okabe, M. Shibayama
1-5-26 |Droplet Density Dependences of the Static and Dynamic Structures in a Ternary Microemulsion
System 229

M. Nagao, H. Seto, Y. Kawabata, M. Shibayama




JAERI-Review 2005-034

No. I Title | Page
Neutron Scattering - Biology -
1-6-1 |Neutron Crystallographic Analysis of Endopolygalacturonase I from Stereum
Purpureum at Atomic Resolution ' 233
M. Sato, T. Shimizu, T. Nakatsu, H. Kato
1-6-2 |A Contrast Variation Study of Ca*-saturated Calmodulin Complexed with N%
- |Myristoylated NAP-22 234
Y. Izumi, N. Hayashi, Y. Jinbo, T. Matsufuji, N. Matsushima
1-6-3 |Complicated Water Network in the Minor Groove of B-DNA Decamer
d(CCATTAATGG), Observed by Neutron Diffractipn Measurements 2‘3 5
S. Arai, T. Chatake, T. Ohhara, K. Kurihara, I. Tanaka, N. Suzuki, Z. Fujimoto
H. Mizuno, N. Niimura
1-6~4 |Dynamics of Protein Hydration Water 937
H. Nakagawa, H. Kamikubo, A. Tokuhisa, M. Kataoka
1-6-5 |Neutron Diffraction Experiments of Insulin Crystal 238
M. Maeda. T. Chatake, I. Tanaka, K. Kurihara, N. Niimura
1-6—6 |Neutron Fiber Diffraction of Troponin C within the Muscle Thin Filaments 939
S. Fujiwara, F. Matsumoto, S. Deshimaru .
1-6-7 |Small-Angle Neutron Scattering of Smooth Muscle Heavy Meromyosin 240
S. Deshimaru, S. Maruta, F. Matsumoto, T. Arata, K. Wakabayashi, S. Fujiwara
1-6-8 |Neutron Scattering Study on Self-Assembly of tau Molecules in Water 241

S. Naito. M. Furusaka, S. Fujiwara, J. Suzuki, Y. Kobayashi, N. Niimura’




JAERI-Review 2005-034

No. I Title 1 Page
Neutron Scattering - Fundamental Physics « Neutron Opfics -

1-7-1 |Development of high Intensity Ultracold Neutron Production with Ortho-Deuterium
M. Utsuro, M Tanaka, K. Mishima, Y. Nagai, T. Shima, Y. Fukuda, T. Kohmoto 245
T. Momose, A. Moriai, K. Okumura, H. Yoshino

1-7-2 |Development of Neutron Supermirrors with High-Qc Reflection 246

| K. Ikeda, T. Adachi, T. Shinohara, T. Morishima, T. Oku, K. Sakai

1~7-3 |Beam Splitting Etalons with a Spacing of 1894 m Thickness 247
M. Kitaguchi, H. Funahashi, K. Taketani, T. Nakura, M. Hino, Y. Otake, H.M. Shimizu

1-7-4 |Neutron Spin Echo Spectrometer using four Etalons with the (++--) Arrangement
M. Kitaguchi, H. Funahashi, T. Nakura, K. Taketani, M. Hino, S. Tasaki, R. Maruyama 248

Y. Otake, HM. Shimizu




JAERI-Review 2005-034

No.

I Title J

Page

Neutron Scattering - Instrument -

1-8-1

Development of Electfostatic Levitation Furnace for Neutron Scattering
Experiments of High Temperature Liquids
T. Masaki, T. Ishikawa, P.-F Paradis, Y. Arai, N. Igawa, Y. Ishii, S. Yoda

251

1-8-2

{Neutron Imaging Characteristics of CaBPOQ5:Ce”" Based Photostimulable
|Phosphors

K. Sakasai, M. Katagiri, M. Matsubayashi, T. Nakamura, Y. Kondo

252

1-8-3

Development of the Thermal Neutron Focusing Device
T. Osakabe, K. Soyama

253

1-8-4

Development of Optical Devices and Detectors for cold Neutrons
H. M. Shimizu, T. Adachi, K. Ikeda, T. Shinohara, K. Hirota, H. Sato, Y. Takizawa
S. Morita, H. Ohmori, K. Sakai, T.Oku, J. Suzuki, S. Satoh, M. Furusaka

254

1-8-5

A Study on Application of a Magnetic Neutron Lens To Focusing Geometry SANS
Experiments

T. Oku, J. Suzuki, H.Sasao, T. Adachi, T. Shinohara, K. Ikeda, T. Morishima, K. Sakai,

H. M. Shimizu

255

1-8-6

Development of a High-Performance Microstrip Gas Chamber with a Capability
of Track Discrimination for Neutron Detection
T. Nakamura, S. Masaoka, H. Yamagishi, K. Soyama, K. Alzawa

257

Development of Cold Neutron Imaging Detector

H. Sakurai, F. Tokanai, S. Gunji, S. Motegi, M. Kaneko, S. Kikuchi, J. Suzuki, T. Oku

259




JAERI-Review 2005-034

No.

I Title 1

Page

Neutron Scattering - Residual Stress -

1-9-1

Residual Strain Measurements in 3-axial Directions for 2-Dimensional Cylindrical
Carbon-Carbon Composite by Neutron Diffraction Method
S. Baba, N. Minakawa, A. Moriai, M. Yamaji, M. Ishihara

263

1-9-2

Distribution of the Martensite of Inductlon Hardened S45C Round bar Observed
by Small Angle Neutron Scattering
K. Inoue, K. Aizawa, A. Moriai, F. Ikuta

264 |

1-9-3

Distribution of the Martensite of Induction Hardened S45C Round bar Observed
by very Small Angle Neutron Scattering Apparatus PNO
K. Inoue, T. Hirayama, K. Aizawa, A. Moriai, F. Ikuta

265

1-9-4

A Challenge to d (-Disused Neutron Stress Measurement Using Area Detector
T. Sasaki, Y. Morii, N. Minakawa, N. Niimura, Y. Hirose

266

1-9-5

Non-Destructive Measurement of Residual Stress Beneath the Surface of Laser
Peened Steel
K. Akita, Y. Sano, T. Kubo, S. Ohya, H. Suzuki, A. Moriai

267

1-9-6

Evaluation of Strength in Overlaid Materials by Neutron Diffraction
T. Ishikawa, K. Miyata, H. Yano, R. Ishikawa, Y. Morii, A. Moriai, N. Minakawa

268

1-9-7

Phase Transformation at Crack Tip of Shape Memory Alloy. TiNi
Y. Akiniwa, H. Kimura, K. Tanaka, N. Minakawa, Y. Morii

269

1-9-8

Residual Stress Analysis of Metal/Ceramic Functionally Graded Materials
M. Hataya, M. Nakagawa, T. Hanabusa, K. Kusaka, T. Matsubara, Y. Morii
N. Minakawa, A. Moriai, H. Suzuki

270

1-9-9

Quality Estimation of Aluminum Die-casting by Neutron Diffraction
M. Hataya, A. Moriai, H. Suzuki, Y. Morii, T. Hanabusa, N. Minakawa

271

1-9-10

Investigation of the Residual Stress Measurement by the Neutron Scattering of
an Amorphous Metal
N. Minakawa, A. Moriai, H. Suzuki, Y. Morii

272

1-9-11.

Elastic Constants Measurement of NCF600 by Neutron Diffraction - Evaluation

on Residual Stress of weld Joint in Nuclear Core Internal Structure-
R. Mizuno, A. Moriai, H. Suzuki, Y. Morii

273

1-9-12

Estimation of Change in Texture by Restoration of a Ferrite Steel After Large
Strain Deformation
T.Suzuki, Y. Temota, M. Uno, A. Moriai, T. Kamiyama, H. Tashiro

274

1-9-13

Residual Stress Measurement using Neutron Diffraction for a Quenched Steel
Bar with Induction Heating
H. Tokuda, Y. Tomota, T. Suzuki, K. Kawasaki, A. Moriai, N. Minakawa, Y. Morii

275

1-9-14

Development of New Stress Measurment Method Using Neutron Diffraction
H. Suzuki, A. Moriai, N. Minakawa, Y. Morii -

276

1-9-15

Strain Measurement of Al,O3/YAG Binary MGC by Neutron Diffraction

H. Suzuki, Y. Waku, A. Moriai, N. Minakawa, Y. Morii

277




JAERI-Review 2005-034

No. I Title | Page
Neutron Scattering - Others -
1-10-1 |Development of a Small d-Spacing Multilayer Neutron Polarizer 281
M. Hino, H. Sunohara, Y. Yoshimura, R. Maruyama, S. Tasaki, H. Yoshino, Y. Kawabata
1-10-2 |Development of Large-m NiC/Ti Supermirror Using ion Beam Sputter Instrument 282
M. Hino, H. Sunohara, Y. Yoshimura, R. Maruyama, S. Tasaki, H. Yoshino, Y. Kawabata
1-10-3 |Investigation on Possibility of Neutron Electric Optical Devices Based on Piezoelectric
Single Crystals 283
IH. Kaneko, Y. Otake, H. Fujimoto, S. Kawamura, M. Watanabe, F. Fujita, T. Sawamura
P.Mikula, M. Furusaka
1-10-4 |Measurement of the Surface Roughness at Solid-Solid Interface by Neutron
Reflectometry 284
| K. Inoue, T. Hirayama, T. Eblsawa S. Tasaki, M. Hino
1-10-5 |Development of Spin Flippers with Steady Current for the TOF-NSE Spectrometer 286
T. Takeda, N.L. Yamada, M. Nagao, H. Seto, Y. Kawabata
1-10~6 |Development of MIEZE Neutron Spin Echo Method 287

R. Maruyama, T. Ebisawa, S. Tasaki, M. Hino, Y. Kawabata

— 20 —




JAERI-Review 2005-034

No. I Title 1 Page
Neutron Radiography
2-1 |Experimental study on Void Fraction in Tight-Lattice Rod Bundles 291
. M. Kureta, H. Yoshida, A. Ohnuki, H. Akimoto _
2-2 |Measurement of Void Distribution of Boiling flow in a 14-rod Bundle by
Neutron Radiography 292
M. Kureta, H. Akimoto
2-3 |Neutron Irradiation Characteristics of CaBPOszCe3+ Based Photostimulable ,
Phosphors 293
K. Sakasai, M. Katagiri, M. Matsubayashi, T. Nakamura, Y. Kondo
2-4  |High Contrast Imaging for Concrete Study using Very Low Energy Neutrons 294
Y. Kawabata, T. Nakano, U. Matsushima, M. Hino
2-5 |Very Low Energy Neutron Radiography with Neutron Energy Selection
System for Variable Image Contrast 295
Y. Kawabata, T. Nakano, M. Hino, T.Oku, J. Susuki, U. Matsushima
2-6 [Analysis of Water Movement in Plants 296
N. Nihei, H. likura, T. Ohya, H. Rai, Y. Hayashi, K. Tanoi, T.M. Nakanishi ,
2-7 |Development and Application of Neutron Radiography Techniques with High ,
Temporal Resolution 300
K. Mishima, Y. Saito, M. Matsubayashi
-8 Neutron Radiography Using Multi-Color Scintillator 301
K. Mochiki, M. Kuwako, S. Itoh, S. Kikuchi, Y. Hashi
9-9 Observation of Simulated Mixed Oxide Fuel Rod by Neutron Radlography 305
R. Yasuda, M. Nakata, M. Matsubayashi, A. Harada, K.Harada,Y. Nishino
Quantitative Measurement on Thermal Hydraulic Phenomenon in Industrial
2-10 |Products by Neutron Radiography 306
N. Takenaka, H. Asano
3D Measurement of Void Distribution of Boiling Flow in a Tight-Lattice Rod
2-11  |Bundle by Neutron Tomography- 318
M. Kureta, H. Tamai :
Measurement of Vapor Behavwr in Tight-lattice Bundles by Neutron
2-12 |Radiography 319
M. Kureta, H. Akimoto
9-13 Preliminary Bone Imaging Study Using Neutron Computed Tomography 320
T. Takeda, Y. Tsuchiya, M. Matsubayashi, Jin Wu, Thet Lwin, A. Yoneyama
Observation of Hydrogen Distribution in Hydrogen-Absorbing-Alloys by
2-14 |Using Neutron-Radiography technique 321

M. Matsubayashi, T. Ebisawa, K. Kubo, H. Arashima, H. Itoh




JAERI-Review 2005-034

No. I Title J Page
Prompt Gamma-ray Analysis
3-1 |A Research on Boron in Soybean Plants Using Doppler Broadening of Prompt
v-Ray ] 325
Y. Sakai, M.K. Kubo, H. Matsue, C. Yonezawa
3~2 |Background Measurement of Multiple Prompt Gamma ray Analysis System 397
Y. Toh, M. Oshima, M. Koizumi, A. Osa, A. Kimura, A. Gotou
3-3 |Development of Neutron In-Beam Mossbauer Spectrometer 398
M. K. Kubo, Y. Kobayashi, Y. Yamada, Y. Sakai, H. Shoji, C. Yonezawa, H. Matsue
3-4 |[Trace Elements in Ruby and Sapphire Samples from Vietnam using Multiparameter
Coincidence method 329
Y. Hatsukawa. T.V. Luyen, Y. Toh, A. Kimura, M. Oshima
3-5 |Cadmium Analysis in Rice by Multiple Gamma-ray Detection Method 330
Y. Toh, M. Oshima, M. Koizumi, A. Osa, A. Kimura, J. Goto, Y. Hatsukawa
3-6 |Prompt Gamma-ray Analysis of Meteorite Samples 331
M. Ebihara, Y. Oura, Y. Karouji, N. Shirai, T. Hotohashi, C. Okamoto
3-7 |Neutron-Induced Prompt Gamma-ray Analysis of Solid Environmental Samples
and Geochemical Samples 335
M. Matsuo, A. Kuno, M. Kataoka, Y. Tanaka, K. Seimiya, O. Takahashi
3-8 |Neutron Induced Prompt Gamma-ray Analysus for Cosmochemical Samples 340
H. Ozaki, H. Sawahata, M. Kawate
3-9 [Neutron-Induced Prompt y-ray Analysis for Volcanic Rocks(II) 343

T. Fukuoka, T. Hasenaka, T. Sano, H. Shinjo, Y. Ito




JAERI-Review 2005-034

K. Toyoda, Y. Shinozuka, M. Miura, Y. Moriyasu

No. I Title | Page
Neutron Activation Analysis
4-1 |Activity of TL Sheet for Neutron Detection 349
N. Odano, S. Ohnishi, A. Konnai, T. Ishida
4-2 |Characterization of Atmosphéric Aeroso!s in Kanto Air Basin (21) 350
. S. Naito
4-3 |Behavior of trace Elements in Uranium-rich Sediments Collected at Nakamaruke, Niigata 351
H. Kamioka
4-4 |Development of Polyimide Film for Neutron Activation Analysis
. : 352
R. Motoki
4~-5 |Determination of Sodium and Copper in Saltwater Clam Shell by Activation Analysis 353
A. Kamioki -
4-6 |Labeling of Heavy Metals in Soil Organic Matter with Stable Isotope 354
Y. Sakurai, N. Kihou
4-7 [Neutron Activation Analysis of Trace Elements in Atmospheric fine Particle (PM2.5) 355
H. Kamataki, H. Andou, M. Yamazaki
4-8 |Development of Analytical Method of Fluorine in Fertilizer by Neutron Activation 357
N. Kihou, H. Fujiwara
4-9 |Determination of Several Elements of Soil in Feces of Domestic Animal by Activation Analysis 358
K. Nishimura, N. Kihou, S. Miyamoto
4-10 |Minor and Trace Elements Determination of Environmental Samples (4) 359
Y. Miyamoto, Y. Saito, M. Magara, S. Sakurai, S. Usuda
4-11 |Physico-Chemical Analysis of Biosorption by Microorganisms 361
A. Nakajima, Y. Ueda,
4~12 |INAA for the Determination of Extractable Organofluorine (EOF) in Environmental Samples 363
M. Kawano, T. Wakimoto, M. Matsuda, -
4-13 |Geoenvironmental Assessment of Aichi Prefecture by INAA Multl-Elements Analysis for a
Large Number of Stream Sediments 366
T. Tanaka, M. Minami, K. Yamamoto, Y. Asahara, K. Mimura, R. Senda, S. Shibata, M. Takebe
K. Tanaka, T. Hayashi, H. Kojima
. 4-14 |Neutron Activation Analysus for Platinum Group Elements in Cosmochemical Samples 372
H. Ozaki, H. Sawahata, M. Kawate
4-15 |Geochemical Studies on Cosmic and Volcanic Matters by Instrumental Neutron Actlvatlon
Analysis(1IT) 375
T. Fukuoka, K. Nogami, Y. Tazawa, Y. Yokota, T. Sano, Y. Nakai
4-16 |Intake of Specific Element to Plant Leaves Caused by Seasonal VariationAct 378
S. Kasahara, S. Masuko, T. Ohnishi, K. Seki
4-17 |Neutron Activation Analysis of Selenipm in Human Toe-Nail 381
R. Seki, S. Oono, T. Usui
4~18 |Neutron Activation Analysis of Trace Elements in Environmental Samples 386
S. Aizawa
4-19 |Study on Availability of Medaka (Oryzias latipes) as an Metal Contamination Indicator in
Waters 389
N. Momoshima, T. Toyoshima, R. Matsushita
4-20 |Analysis of the Elements in Plants (II) 393
_ H. likura, T. Ohya, Y. Hayashi, K. Tanoi, T.M. Nakanishi
4-21 |Activation Analysis of Atmospheric and Marine Samples 396
H. Nagai, H. Matsumura, W. Tada
4-22 |Neutron Activation Analysis of Sediment core Samples of Lake Erhai in Southern China
and a Salt Lake in India 401




JAERI-Review 2005-034

I Title |J

No. Page
' Production of Radio Isotopes
5-1 |Activation of Yttria Microspheres for Cancer Therapy
T. Sorita, H. Kogure, K. Kobayashi, T. Kokubo, S. Kawashita, Y. Shimizu, Y. Sawada, - 409
M. Saito, K. Kawasaki, Y. Inoue
No. I Title J Page
Irradiation Test of Reactor Materials
6-1 |Short-life Radlonuchde Release From Fuel Under Severe Accident Conditions 413
T. Kudo, A. Hidaka, T Fuketa
6-2 |Tritium Release from Neutron-Irradiated Li,O: Desorption Kmetlcs in Mlcropore 414
T. Tanifuji, S. Jitukawa
No. I Title | Page
Others
7-1  |Application of Boron Distribution Observation Method to Material Science by
Thermal Neutron Irradiation(Il) 417
K. Asakura, K. Shibata
7-2  |Peroxy Radical Center in Quartz Produced by High y-ray Dose and its Application to
pre-Quaternary Dating 431
T. Fukuchi, T. Nishimura, Y. Ito
7-3 |Apatite Fission-Track age from Kutcha Gas Field - 437
T. Araki, K. Lee, K. Watanabe, H. Oohira
7-4  |Application of Fission Track Method to Particle Analysis of Environmental Sample
’ for Safeguards 438
K. Iguchi, C.G. Lee, J. Inagawa, D. Suzuki, H. Fukuyama, S. Sakura1 S. Usuda, K. T Esaka
T. Onodera, F. Esaka, K. Watanabe, M. Magara
7-5 |Analysis of Morphology of Boron in Steel by Using o-ray Track Etchmg Method 439

H. Tamehiro, H. Saito, T. »Takano ,




JAERI-Review 2005-034

1. fEFHGEL 1) B - bRk

1. Neutron Scattering 1) Structure * Excitation



This is a blank page.




JAERI-Review 2005-034

T — : MARIEMBPR 7 v FAFA P OBRTFRED

F M BORRABHMBRZ v TNT A FOBFIRE)

1-1-1

Phonon study on high performance thermoelectric material “skutterudite”

C. H. Lee, M. Matsuda! and H. Sugawara?

National Institute of Advanced Industrial Science and Technology, 1-1-1 Umezono, Tsukuba, Ibaraki 805-8568, Japan
! Advanced Science Research Center, Japan Atomic Energy Research Institute, Tokai, Ibaraki 819-1195, Japan
2 Graduate School of Science, Tokyo Metropolitan University, Minami-Ohsowa, Hachioji, Tokyo 192-0397, Japan

Filled skutterudite compounds RM;X;2 (R = rare-
earth; M = Fe, Ru or Os; X = P, As or Sb) have
attracted great attention due to their potential as
thermoelectric devices. In particular, their low lattice
thermal conductivity is advantageous to achieve high
thermoelectric performance. For further improvement
in their performance, the origin of their low lattice
thermal conductivity needs to be investigated. Pre-
vious studies suggest that the suppression of thermal
conductivity is a consequence of free vibration of rare-
earth atoms in a large lattice cage, which is so called
rattling effect”. To confirm the hypothesis, phonon
behavior should be studied. In this work, we have
studied phonon of CeRuySb;2 by neutron scattering
using single crystal samples. Note that all previous
-peutron scattering studies of phonons were restricted
to powder samples and this is the first report on a
phonon study using single crystals. o

The measurements were conducted using the 3-axis
spectrometer, TAS-1, at JRR-3M reactor of Japan
" Atomic Energy Research Institute in Tokai. The inci-
dent, (final) neutron energy was fixed at E; (Ef) = 14.7
meV or 13.7 meV using the (002) reflection of a py-
rolytic graphite monochromator and an analyzer. In
order to increase the sample volume, five single crys-
tals were assembled and mounted in an Al container
filled with He thermal exchange gas. Total volume of
the samples is about 0.2 cc.

Figures 1 and 2 depict energy spectra of phonon at
I" point in the energy range of 8meV < F < 50 meV at
room temperature. Solid lines depict a fit using gaus-
sian function. Many branches are observed in the mea-
surements. According to V. Keppens et al.), there is
a broad peak around E = 15 meV for LaFe;Sb;s mea-
sured by inelastic powder neutron technique. They
discussed that the broadening is an effect of hybridiza-
tion with accoustic phonons. The present results,
however, indicate that their observation of broad peak
is not due to such hybridization but rather due to
the emergence of many phonon branches. Feldman et
al. has calculated phonon energies of LaFe;Sby> and
show that their maximum energy is E = 32 meV?),
Although sample composition is different, our obser-
vation of phonons around E = 40 meV, higher than
the prediction, requires recalculating using more suit-
able parameters. Further studies should be carried
out to clarify the rattling effect.
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Figure 2: Energy spectrum  of phonons at (0,0,8) for
CeRuySbiya.
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Structural change of the Ll-doped lanthanum titanate perovskite Lay;.,Liz TiOs3
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Li-doped lanthanum titanate perovskites
Lay;s.»Lis,TiO3 have high Li ion conductivity
(10°Scm™ at room temperature) and A-site
deficient layered perovskite-type structure with
the ordered distribution of La ions on the
A-sites - along the c-axis. But the detailed
crystal structure and the phase transition of
Lay;3..Li3,TiO; have not been reported yet. In
this .work, we have chosen the composition
Lag.soLio 32TiO2.94, because it has highest Li-ion
conductivity in Lays.LisTiO3 (0<x<0.15).
The tilt of the TiOs octahedron in layered
perovskite is the key to understand the crystal
structure [1]. However, the tilt angle has not
been known in Lag spLio32TiO294. The purpose
of this study is to investigate the crystal
structure and  phase  transition  in
Lag 52Li0.32TiO2.94.

Lag.52Li032Ti02.04 compound was studied by
high-temperature neutron diffraction technique.
Neutron-diffraction data were collected in the
temperature range from room temperature to
1268K, using the multi-detector system

HERMES [2] and an electric furnace to heat -

the sample - [3]. Crystal structure of
Lag soLig32TiO294 was refined by Rietveld
analysis of diffraction data using a computer
program RIETAN-2000 [4].

In the literature the Lag.szLio. 32T102 94 has
been assumed to belong to the space group
P4/mmm at room temperature. However, the
P4/mmm could not explain the observed 113,
133, 115, 315, 533, 117, and 355 reflection
peaks where the hkl was indexed based on the

basic perovskite lattice. On the other hand, the
space group Cmmm yielded these reflection
peaks (Fig.1). The lattice parameter increased
continuously with temperature as shown. in
Fig2. The low-temperature orthorhombic
phase has tilt of TiO¢ octahedron along b axis.
The tilt angle decreased with temperature and
became 0 at 1098+59K (Fig.3). We found that
the ~ tetragonal-to-orthorhombic  (P4/mmm-
Cmmm) transition is induced by the tilt of the

‘TiOs octahedron (Fig.4). Similar P4/mmm-

Cmmm phase transition was reported. for
Lap 64(Tio.92Nbo,08)O3 [1] and Lag¢Sro,1Ti05 [5].
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DIRECT OBSERVATION OF THE HYDROGEN TRANSFER IN THE SOLID-STATE
ORGANIC PHOTOREACTION BY NEUTRON DIFFRACTION METHOD

T. Hosoya, H. Uekusa, T. Ozeki, Y. Ohashi, T. Ohhara!, I. Tanaka! and N. Niimura?

Department of Chemistry and Materials Science, Tokyo Institute of Technology, Tokyo 152-8550
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Hydrogen/proton transfer is one of the most ele-
mental chemical reaction, and often observed in many
organic and enzymatic reactions. In many cases, the
hydrogen/proton transfer is key point of reaction pro-
cess. Though many spectroscopic methods, e.g., *H-
NMR, FT-IR, and theoretical calculations have been
carried out to track the hydrogen/proton, more accu-
rate and direct positional information is needed in or-
der to clarify transfer process by using neutron diffrac-
tion method.

Light-induced reversible color change of substances
is known as photochromism and has attracted at-
tention due to their potential applications such as
optical data storage etc. Salicylideneaniline deriva-
tives show photochromism or thermochromism, which
is reversible color change with variation of temper-
ature. The color change from stable yellow to un-
stable red is brought about by the change of molec-
ular conformation. This reaction involves a pro-
ton transfer in the keto-enol tautomerization. Pre-
viously, photo-irradiated trans-keto form of N-3,5-di-
tert—butylsahcyhdene—3—mtroaniline 1b were observed
by X-rays (Fig. , R=NOz)1).

£-Bu
}b hv orA
£:Bu Crym!hne
R = (a) NO;
enol form g; CO%)H Imns-kalo form
Scheme

Photoirradiation was carried out with two photon
absorption method by laser, and the population of
trans-keto 1b form was about 10%. Therefore, the
transferred proton was not observed. We try to ob-
serve the transferred proton of trans-keto form with
neutron diffraction method. Crystals of 1a and N-
3,5-di-tert-butylsalicylidene-3-carboxyaniline 1b were
prepared and photo-irradiated with ultra high pres-
sure Hg lamp.

Trans-keto form of 1a has long lifetime enough for
neutron diffraction measurement at room temperature
(~ 4 days), but population of trans-keto form was only
10% with laser. On the other hand, corresponding
form of 1b has short lifetime at room temperature (~
1 hour), but population of trans-keto form was more
than 15% with Hg lamp. So the diffraction measure-

ment of 1b was carried out at 173 K.

Soon after the irradiation with Hg lamp (410 nm)
for 2 hours from four direction, crystals were mounted
on the BIX-III (1G) neutron imaging plate diffrac-
tometer set up at the JRR-3M reactor in JAERI. Neu-
tron diffraction data were collected for total 5 days at
173 K (1b) and 293 K (1a) and peak integration by
DENZO created a SHELX -format hkl file.

Table 1: Experimental /Refinement details

m-COOH m-NO2
Crystal system  Monoclinic  Triclinic
Space group  P2)/n P-1
a/A  14.734(2) 6.02(3)
b/A  6.004(2) 10.31(4)
c/A  21.997(3) 16.75(5)
all - 101.19(5)
B 91.26(1) 92.12(7)
yr o - 101.50(8)
V/A3  1945.4(7) 996(7)
Z 4 4
Orange/° 7.89-7039  9.76-70.73
Temp. /K 173 173
Refs. collected /unique 864 / 864 246 /246
Completeness to 0 /%  21.3 6.1
Rine  0.0482 0.0603
Ry, wR(F?)  0.262,0.594 0.298,0.610
Goodness-of-Fit  3.26 5.64
Data / params. 846/112 246 /33

After structure analysis, enol form were clearly ob-
served both 1a and 1b. However, the reactions were
not proceeded. 410 nm light did not reach inside the
thick crystals (but 0.3 mm is too thin for single-crystal
neutron diffraction measurement) because the light-
induced trans-keto form highly absorbs this light. Ini-
tial structures was well refined in spite of small num-
ber of reflections (1a: 246, 1b: 864). So it is practi-
cal to carry out this measurement using thin crystal if
more diffraction data are collected for longer exposure
time.And further refinement of light-irradiation condi-
tion will be needed in order to increase the population
of trans-keto form in a crystal.
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Determination of Disordered Configuration of Methylammonium in the Cubic Phase of

1-1-4

CH;NH;PbBr; by a Single Crystal Neutron Diffraction Method

H. Mashiyama, H. Kaéano, T. Asahi, Y. Noda" and H. Kimura'

Faculty of Science, Yamaguchi University, Yamaguchi 753-8512, Japan, -
*Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai
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CH;NH3PbX; (X=Cl, Br, I) crystals take
perovskite-type cubic structure with space
group Pm3m in the highest temperature
phase, where methylammonium (MA) ion
is necessarily disordered because Csj,
symmetry of the ion is incongruent with the
site symmetry Oy. Phase sequences of the
" three compounds are somewhat different to
each other, but successive ordering of MA
ion plays an important role any way.
Yamamuro et al. ! proposed three types of
models on the basis of specific heat
measurements; MA ion points <100>,
<110> or <111> direction in the cubic
phase. In our previous works™ by the
methods of single crystal X-ray diffraction
and neutron powder diffraction, <I110>
model was preferred but not concluded
definitely. Thus, we planned the present
experiment.

Although room temperature tetragonal
phase of MAPbI; was the initial target of
our experiment, single crystals of good
quality could not be prepared. Instead, the
cubic phase of MAPbBr; was measured at
room temperature. Neutron diffraction
intensity was collected by the use of
 four-circle  diffractometer, =~ FONDER,
installed by Tohoku University at a beam
line T2-2, JRR3M in JAERI (Tokai). The
incident wavelength 1.2402A (Ge 311
monochrometer); the measured range
20<160deg; the size of specimen ca. 12
mm>. Intensity data of 494 reflections in
one eighth of the reciprocal space were
measured. After applying absorption and
extinction corrections, we averaged
equivalent reflections with F>3G to obtain

98 independent reflections.

Least squares refinement of the crystal
structure, .~ with  thermal  parameters
anisotropic for Br and isotropic for other
atoms, converged to R=0.077, 0.065 and
0.086 for <100>, <110> and <111> model,
respectively. As was expected, <110>
model was the best one. In <110> model,
isotropic thermal parameters of C and N
atoms were so large that we tried two
further calculations; one with anisotropic
thermal parameters and the other by split
atom model. They converged to' R=0.045
and 0.046, respectively, and gave the same
set of signs for structure factors. We
performed MEM analysis with PRIMA
developed by Izumi and Dilanian. Figure
1 shows nuclear density images thus
obtained; four-leaved negative density due
to H atoms in Fig.1(a) and elongated
distribution due to N- and C atoms
disordered along <110> in Fig.1(b) should
be noted.™
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Figure 1: Nuclear density images of MAPbBr;.
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Momentum Dependence of Low Energy Modes of Methane Hydrate
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Clathrate hydrates have many properties that are

interesting not only for scientific reasons but also in

the fields of geology and nuclear engineering. Gas
.clathrate hydrates are a non-stoichiometric inclusion
of elements or molecules within a host framework or
" cage” composed of water molecules. There are many
elements and moleciiles that are able to act as guest
molecules, including: Ar, Oz, Na, CHy, and COg, but
in this study we are specifically interested in methane
hydrate (MH).

There has recently been a surge of interest in MH

due to its potential use as an energy source, and
for geo-scientific or environmental reasons. However,
our interest is in its potential use as a moderator
on a pulsed neutron source. A good moderator ma-
terial should have a high hydrogen density and a
large density-of-states in and around the thermal re-
gion (1-100meV) in order to produce a well-defined
Maxwellian. Pure solid methane is already used in
various pulsed sources around the world and is exce}-
lent for producing a high flux of cold neutrons. In
contrast water ice lacks low energy vibrational modes
and is much better at producing thermal neutrons.
Because of its high content of methane, MH poten-
tially combines the properties of ice and methane to
produce a moderator with a high performance over a
wide energy range. v

Until now the several inelastic neutron scattering
measurements of MH have already been undertaken
by our group. For lower energy (E) and momentum
(Q) transfer region, we have measured the dynamical
structure factor S(Q,E) map and found the discrete
feature of the dispersive peak which is in proportion to
Q2. The main discrete peaks can be explained as the
rotational peaks of methane free-rotation, but there
still remain the excess intensities of the cross-section
around 4.5 meV and over 7 meV (figure 1). It is said
that in the low E-Q region there exist the translational
modes of methane in the water cage 1). In this study
we have measured these unknown peaks in detail and
made clear the features of them. '

Figure 2 shows the E-constant spectra of S(Q,E)
around E = 6.5 meV and 8 meV, respectively. The
points with error bars correspond to the data taken
by MARI at ISIS, UK. The TAS-1 data show good
agreements with the MARI data on tendencies. The
TAS-1 data, which have better statistics and wider Q
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Figure 1: Comparison between experimental S(Q,E) of methane
hydrate (MARI at ISIS) and methane free rotation model at 12
K.

region, can be recognized the peak shapes and posi-
tions. Now we are trying to subtract the influences of
rotational peaks from the S(Q,E) and analysing the
excess intensities on the S(Q,E). Next, we will discuss
about the origin of them.
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Figure 2: Constant energy spectra of methane hydrate.
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Neutron diffraction Study on (CH;),CHNH;Cu(Cl,Bry,);
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The compounds  (CH;),CHNH;CuCly
(abbreviated as IPACuCl;) and IPACuBr;
are known as the materials that exhibit the
Haldane state and the singlet dimer state at
low temperature, respectively. Therefore, a
mixed crystal of these compounds,
IPACu(Cl,Br;)s; has attracted much interest
in terms of the effect of randomness in
magnetic bond. Indeed, in the intermediate
region of 0.44 < x < 0.87, appearance of a
gapless phase has been reported.[1] ‘

As the first step to reveal the magnetic
structure of IPACu(CLBr,.,)3, we carried out
a single crystal neutron diffraction

experiment at room temperature by using -

FONDER, the 4-circled diffract meter at
T2-2 in JRR-3M as the PAC No. 2725. We
prepared six single crystals expected to be
IPACu(Cly¢sBro35)3 for this experiment and
chose the sample that exhibited the most
intensive Bragg reflection among them. The
size of the sample was about 5 x 2 x
2 mm’. To avoid deliquescence of the
sample, the sample was setted in the
vacuum sheloud of cryo-cooler and
evaporated by a vacuum pump duting the
experiment. The neutron of A=1.5668 A
was used as an incident beam

monochromatized by Si422 monochrometor.

At first, the lattice parameters were
determined using 13 Bragg reflections
(26<32°). The resulted lattice parameters
were a=17.69(2) A, b5=7351(5) A,
c——;6 43(2) A, a—ﬂ ¥=90°(0.3°), V=418(1)
A’
' Next, for crystal structure analysis, we
collected intensities of 437 Bragg
reflections (26<90°). Among them, only
270 reflections (including 93

crystallographic unique reflections) have
significant intensities. The initial structural
parameters for refinements were taken from
the structure of IPACuCl; and that of
IPACuBr3.[2,3] In the case of IPACuCls,
the system belongs to orthorhombic Pcan
(an axial transform of Pbcn) at room
temperature as same as our present lattice.
On the other hand, in the case of IPACuBr;,
the space group is triclinic P1. The mixed
crystal was éxpected to be triclinic. In spite
of them, our present lattice seems to belong
to orthorhombic Pcan. Therefore, we tested
the - orthorhombic case (total number of
refined parameters is 46.) as well as the
triclinic case. Occupancies of the halogen
atoms were also refined. However, in both
case, the structural refinements were
unsuccessful. It may be because of
insufficient  number  of  significant
reflections. For example, even the most
intensive Bragg reflection (1 0 0) was less
than 200 cps at maximum as shown in Fig.
1. Better sample quality is desired in further

study.
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Fig. 1 Peak profile of the Bragg reflection (1 0 0).
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Small-angle neutron scattering study on the precipitation of 6000 Al alloys
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Because of the strong demand on weight reduction
of automotive bodies for better fuel efficiency and
Jower exhaust emission, there is a strong drive to re-
place the current steel sheet to aluminum alloy sheet
for automotive body applications. Due to its excellnet
formability and mediam stregth after age hardening,
Al-Mg-Si based 6000 series alloys are considered to
be the best candicate for automotive body sheet ma-
terial. In addition, the alloys can be strengthened
during an automotive paint bake cycle, i.e. aging
treatment at 170-175C for approximately 20 - 30 min.
‘This bake hardening (BH) effect is known to be de-
graded by aging at room temperature (RT). For pre-
venting this problem, alloys are heated to 250C which
is called reversion treatment, before BH heat treat-
ment. It is also known that the Cu addition to Al-Mg-
Si based 6000 alloys can help reversion treatment. Al-
though the microstructure of the alloy are extensively
studied by transmission electron microscope (TEM),
positron annihilation lifetime (PAL) and three dimen-
sional atom probe (3DAP)Y), the relation between the
mechanical properties and the microstructure and the
effect of Cu addition are not clear yet. Most important
information at this stage is an average information
of the precipitats, i.e. the size and volume fraction
of the precipitates. A small-angle scattering is most
suitable technique for this purpose, however, because
of the small difference of electron density among these
three constituent elements, smali-angle X-ray scatting
can not be applied for this alloy. Thus, small-angle
neutron scatting (SANS) is only the way to get av-
erage information of precipitates. In this paper, we
studied SANS for Al-0.7Mg-1.0Si and Al-0.6Mg-1.0Si-
0.3Cu (at%) alloys with different annealing processes.

Figure 1 shows the SANS profiles of the Al-0.7Mg-
1.08i and Al-0.6Mg-1.08i-0.3Cu alloys before and after
BH treatment accompanied with aging at RT. No de-
tectable deference between the allpys with and with-
out BH treatment in both alloys indicating no ad-
ditional precipitates form by BH treatment. Conse-
quently, no strengthening occurs by this process. In
contrast, the SANS profiles of these alloys before and
after BH treatment accompanied with reversion treat-
ment after aging at RT show some difference in high-q
region as shown in Fig.2. The excess scattering cor-
responds to the formation of 5" phase. The differ-

5
10 T T

10°

pry
o
-

10

Intensity [cm™"]

-
o
[

Figure 1: SANS profiles of the alloy aged at RT. Markers and
lines are the profiles before and after BH treatments, respec-
tively. The profiles of Cu containing alloys are shifted by factor
of 100." :
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Figure 2: SANS profiles of the alloy after reversion treatment.
Markers and lines are the profiles before and after BH treat-
ments, respectively. The profiles of Cu containing alloys are
shifted by factor of 100.
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Figure 3: SANS profiles of the as-queched alloy. Markers and
lines are the profiles before and after BH treatments, respec-
tively. The profiles of Cu containing alloys are shifted by factor
of 100. .

ence before and after BH treatment is larger in the
alloy with Cu than the one in Cu-free alloys, suggest-
ing that the addition of Cu increase the volume
fraction of §” phase. For confirming the enhance-
ment of 87 formation by adding Cu, SANS profiles
of the sample without room temperature aging were
also observed and show in Fig.3. Again, the profile of
Cu-containing alloy shows excess scattering due to the
formation of beta” phase in high-q region. In contrast,
the difference in this g-region is not clear in the pro-
files for Cu-free alloy before and after BH treatment,
suggesting that the amount of 8" precipitate is rela-
tively small. Instead, there is clear difference in low-q
region which indicates the change in larger scale unit
(=100 nm) is prominent in Cu-free alloy. It is known
that 6000-alloys include a certain amount of large pre-
cipitates (2100 nm) which are believed to give no ef-
fects to mechanical properties. The change in low-q
region seems to be attributed to the contrast change
between large precipitate and matrix due to the for-
mation of GP zone. Unfortunately, the formation of
GP zone cannot be detected by SANS because of the
small difference in concentration. However combined
with TEM and 3DAP results®, we can summarize the
relation between mechanical property and precipita-
tion as follows. In as-quenched state from solid so-
lution treatment, solute elethents are in highly super
saturated state. Therefore, GP zones are formed by
RT aging and Vickers hardness increase from about
60Hv in as-quenched state up to about 90Hv after RT
aging. Because the formation of GP zone consume so-
lute element, driving force for the formation of beta”
which can occur at 170C, decrease prominently. Thus
the amounts of beta” precipitates is less than the de-
tectable level by SANS (Fig.1) and no clear difference
in Viclkers hardness value in the alloy aged at RT and

then BH. Since the GP zone formed during RT ag-
ing is resolved by reversion treatment (at 250C), the
driving force for formation of 5" is high after rever-
sion treatment. Therefore, the 8” can be obtained by
BH treatment after reversion if the formation of GP
zone during BH treatment can be suppressed. This
condition is actually obtained in Cu-containing alloy
and clear contribution from beta’™ phase is observed
in SANS (Fig.2) . TEM results also shows no indi-
cation of GP zone formation. The hardness increase
from 70Hv to 97Hv due which is attributed to the §”
precipitates. In the Cu-free alloy, however, the forma-
tion of GP zone occurs together with 3” formation.
Therefore the scattering from beta” in SANS profiles
is weaker than that of Cu-containing alloy(Fig.2). The
hardness increase from 66 to 93Hv which is higher
than the value of the alloy aged at RT (85Hv) in-
dicating some contribution of 8" precipitates. The
effect of Cu is much clearer in the alloy without ag-
ing at RT (Fig.3). Because highly saturated solute
elements is used for the formation of beta” phase effi-
ciently in Cu-containing alloy, the amount of 4” reach
maximum value among the measured alloys and the
hardness also reach maximum value, 117Hv. In con-
trast, high super saturation of solute element is mostly
consumed for the formation of GP zone in Cu-free al-
loy. Therefore, the amount of 87 is very small after
BH treatment and increment of Hv is same value with
the one after RT aging which can be explained by the
formation of GP. zone. Because of the concentration
change in matrix due to the formation of the large
amount of GP zone, the scattering contrast between
large precipitate and matrix become large and cause
the increasing of scattering in low-q region. Instead,
the scattering from f” is unclear due to the their small
volume(Fig.3). As summary, the relation of mechani-
cal property and microstructure in 6000 alloy become
clear using SANS. Especially, it.is confirmed that ad-
dition of Cu suppress or delay the GP zone formation
at 170C and enhance the formation of 8”.
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High-Temperature Neutron Powder Diffraction Study of
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Here we report the disorder of oxygen ions
in ceria (cerium dioxide, CeO;) from 1005

to 1497 °C studied by neutron powder -

diffraction and the Rietveld method [1].

High-purity ceria powders were
pressed into pellets, and they were sintered
at 1500 °C for 5 h. The cylindrical product
of 16 mm in diameter and of 410 mm in
height was obtained after the sintering.
Neutron-diffraction measurements were
performed in air with HERMES, [2]
installed at the JRR-3M reactor in Japan
Atomic Energy Research Institute, Tokai,
Japan. Neutron wavelength was 1.8207 A.
Diffraction data were collected in the 2 &
range from 20° to 150° in the step interval
of 0.1°, between 1005 and 1497 °C. A
furnace with MoSi, heaters was placed on
the sample table [3] and used for
measurements at high temperatures. Sample
temperature was kept constant within =
1.5 °C during each data collection. The
experimental data were analyzed by a
combination technique of Rietveld analysis
using a computer program RIETAN-2000
[4] and the maximum-entropy method
(MEM)-based pattern fitting. The powder
pattern indicated a single phase with the
fluorite-type structure (Figl).

First, Rietveld analysis was done
assuming a split-atom model where the O
atoms were distributed at 4¢ 1/4,1/4,1/4 and
at 32 fx, x, x positions (x=1/4+8). The
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Fig.1 Rietveld fitting pattern of CeO, measured at
" 1497C.

isotropic harmonic model was used for all
the atomic displacement parameters. We
used the split-atom model, because the
Rietveld analysis with this model yielded a
better fit. The calculated profile with the
split-atom model agreed well with the
observed one (Fig.l). The atomic
displacement parameters of oxygen atoms
were larger than that of Ce atom,
suggesting the conduction of oxygen ions.

Second, the MEM analysis was done
using the structural factors obtained by the
Rietveld analysis with the split-atom model.
The MEM calculations were done using a
computer program PRIMA [5]. The nuclear
distribution was plotted by a computer
program VENUS [5]. MEM map provided
information on the disorder of oxygen ions
(Figs. 2 and 3). To visualize the structural
disorder at. 1005 and .1497 °C, nuclear
density distribution maps on the (110)
plane are shown in Fig. 3.
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FIG. 2. Equicontour surface of the scattering
amplitude distribution at 0.7 fa/A® with
scattering amplitude distribution on the (100)
plane of CeO, obtained by Rietveld refinement
and the MEM-based pattern fitting of data
measured (a) at 1497 and (b) 1005 °C.

The results reveal that the oxygen ions in
the CeO, have a complicated disorder and
spread over a wide area, compared with Ce
ions. Bulges in the <111> directions
are clearly seen at 1497 °C in Figs. 2 and 3,
comparing with those at 1005°C. The
direction of bulges of oxygen ions is
opposite side of the Ce ion and the oxygen
ions shift to the position of the cavity at
1/2,1/2,1/2 position. The bulges indicate a
possible diffusion mechanism where the
oxygen ions move through a face of the
surrounding Ce tetrahedron to the
octahedral cavity and then re-entering a
neighboring anion site. In fact, there is a
small but significant maximum at the
1/2,1/2,1/2 position of the nuclear density
distribution at 1497 °C as shown in Figs. 2
and 3. This mechanism was also suggested
in other materials with the fluorite-type
structure. The bulges in the <111>
directions also suggest another diffusion
path where the oxygen ions move in the
<100> directions along the ¢ axis. These
features were also confirmed in the MEM
analysis of the same sample measured at
different temperatures 1100, 1200, 1300,
and 1400 °C. The earlier complicated
disorder of oxygen ions would be
responsible for the ionic conduction. Two
possible diffusion paths in the <I11> and
<100> directions were confirmed in CeO,.

These results were published in ref. [1].

FIG. 3. Scattering amplitude distribution on (110)
plane of CeO, at (a) 1497°C and at (b) 1005°C
with white contours in the range from at 0.7 to 30
fm/A> (1fm/A® step). Oxygen ions have a disorder
along [111] directions, while the possible
conducting paths of the oxygen ion are seen along
<11 1> and <1 0 0> directions.
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Neutron Powder Diffraction Study for S = 1/2 Quantum Antiferromagnet NH,CuCl;
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The space group of NH;CuCl; has been reported
to be P2;/c at room temperature ), which is iso-
morphous to the related antiferromagnetic dimer sys-
tems TICuClg and KCuCl; which have a gapped sin-
glet ground state. NH4CuCls has a magnetic ground
state with no gap and shows magnetization plateaus
at 1/4 and 3/4 of the saturation magnetization 2).
The origin of the 1/4 and 3/4 plateaus is still unclear.
In order to understand the unusual magnetic proper-
ties in NH4CuClg, it may be important to consider
the freezing process of the. reorientational dynamics
of the NH] ions at low temperature. For instance,
Matsumoto recently suggested that the inequivalent

dimer model, in which the ground state consists of '

the inequivalent three Cu?* dimers, can explain the
1/4 and 3/4 plateaus 3). The inequivalent dimer sites
may be induced by the freezing of the dynamics of the
NH} ions, of course, by the structural phase transi-
tion to lower symmetries at low temperature. In order
to investigate the freezing process of NHJ ions or the
existence of the structural phase transition at low tem-
perature, it is important to determine precise crystal
structures, so that we performed a neutron diffrac-
tion investigation in fully deuterated ND4CuCls at low
temperature.

Powder neutron diffraction measurements were car-
ried out using a high resolution powder diffractometer
(HRPD) at T = 296 K, 48 K and 2.8 K in JAERI,
Tokai, Japan. The wavelength of neutrons is 1.823 A.
Rietveld refinements of the neutron diffraction data
were carried out by using the RIETAN-2000 pro-
gram 9. It is noted that we have already confirmed
that ND4;CuCls has the same magnetic properties as
NH,CuCl3.

The experimental results are shown in Fig.1. No
remarkable changes of the diffraction pattern between
296 K, and low temperatures 48 K and 2.8 K can be
seen. Namely, no super lattice reflections appear and
only the peak position of the reflections, as denoted by
the arrows in Fig.1 (b), has a. slight shift for 48 K and
2.8 K. This means that we could observe no structural
phase transntions and only the changes of the lattice
parameters to lower temperature in the present mea-
surements. We also analyzed this diffraction pattern
in the viewpoints of the freezing of the reorientation
of NHf ions, however we could not obtain the good
fitting results.
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Figure 1: Neutron powder diffraction patterns of ND4CuClg at
T = 206 K, 48 K and 2.8 K obtained on HRPD ((a) for all 20
and (b) for low 26).

In the present analysis, we assumed that no NDZ‘
tetrahedrons are distorted. We will try to reanalyze
the diffraction data in consideration of the distorted
those for the future.
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Neutron Structure Analysis of h-BrHPLN at Room temperature and Low
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Some ferro/antiferroelectric materials con-
taining hydrogen-bonds show various physi-
cal property. In particular, when the hydro-
gen atom in the hydrogen-bond is replaced
with a deuterium atom, they show drastic
changes of the ferro/antiferroelectric phase
transition temperature.

5-Bromo-9-hydroxyphenalenon(Cy3H702Br,

BrHPLN) is an antiferroelectric material
with an intra-molecular hydrogen-bond.
The material does not show any phase tran-

sitions if a hydrogen atomi is participating-

in the hydrogen-bond(h-BrHPLN). On the
other hand, if a deuterium atom is in the
hydrogen-bond(d-BrHPLN), the material
undergoes 2 successive phase transitions
via an incommensurate phase. The point
is considered to be the behavior of the
hydrogen atom in the hydrogen-bond at low
temperature and the relation between the
hydrogen atom and the phase transition.
We carried out neutron structure analyses of
h-BrHPLN at 300 K and 10 K and revealed
the feature of the hydrogen atom in the
hydrogen-bond. )

The experiments were performed with the
four circle neutron diffractometer FONDER
installed at T2-2 beam port at JRR-3M in
JAERI(Tokai). The single crystals of h-
BrHPLN was prepared with the dimension
of 1.0 x 0.9 x 8.5 mm?® for the experiment
at 300 K and 0.75 x 0.75 x 9.0 mm?3 for the
experiment at 10 K. Total numbers of the
collected data at 300 K and 10 K were 630
and 583, respectively.

After applying - absorption corrections,
least-square fitting analyses and Maximum
Entropy Method analyses were carried out

to refine the parameters and to calculate
the nuclear density distribution, respectively.
It is found that the hydrogen atom in the
hydrogen-bond region is in a disordered state
at both temperatures, as well as 5-methyl-9-
hydroxyphenalenon in the room temperature
phase[l, 2]. The nuclear density distribution
around the hydrogen-bond region at 300 K
and 10 K is shown in Fig. 1. At 300 K,
though the hydrogen atom actually occupies
two equivalent sites around the center of the
hydrogen-bond according to the least-square
fitting analysis, the hydrogen atom seems to
belocated at the center of the hydrogen-bond
due to the large thermal vibration. At 10 K,
we can see the clear splitting of the hydro-
gen atom, as the thermal vibration is suffi-
ciently suppressed. The disordered feature of
the hydrogen atom at 10 K implies the tun-
neling motion of the hydrogen atom, which is
a controversial issue on the hydrogen-isotope

Aeﬁect.
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Fig. 1. The nuclear distribution around the
hydrogen-bond at 300 K (left panel) and at 10 K
(right panel).
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Lattice dynamics of PbTiO3
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PbTiOs has attracted much attention from the

scientific and engineering viewpoints. Unlike BaTiO3,
PbTiO5 undergoes only a single phase transition from
a cubic to tetragonal phase at T,=763 K. PbTiOg
is also the end member of relaxor ferroelectrics (1-
x)Pb(Zn; /3Nbg/3)0s-x PbTiO3 (PZN-PT). The in-
elastic neutron-scattering experiments were carried
out using the triple-axis spectrometer, TAS-1 at JRR-
3M. - : .
The TA phonon dispersion relations for tetrago-
nal PbTiO; are compared in Fig.l with those for
tetragonal KNbO3, 1 tetragonal BaTiO3 ? and cu-
bic PZN. 3) Both PbTiOs and PZN possess two com-
mon features. First, the ZB TA phonon energies for
Pb-based crystals are considerably lower than those
for the other perovskites. The ZB TA phonon en-
ergies for cubic PZN are lower than the correspond-
ing energies for tetragonal PbTiOs. The mass and
charge randomness at the B site appears to weaken
the effective force-constants in PZN. Second, the TA
phonon dispersion relations are isotropic with respect
to the high-symmetry directions. The isotropic TA
phonon dispersion relations are also found for tetrag-
onal BaTiOs. 2 The ZB TA phonon energies for
PbTiOj3 are approximately half of those for BaTiO3. 2
The Pb atom plays. a major role in the ZB acoustic
phonons. In contrast, the extremely anisotropic TA
phonon curves are found for tetragonal KNbOg. b/
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Figure 1: The TA phonon dispersion relations for typical per-
ovskites.

Figure 2 depicts-the temperature dependence of
phonon dispersion relations along the [110] and [001]
directions. The energy of the zone-center' TO-A,
mode is significantly higher than that for the TO-E
mode at room temperature. In view of the LST re-
Iationship, the dielectric-constant relation €11 > €33
mainly originates from the fact that the low-lying
zone-center TO-A; mode is well stiffened at room tem-
perature.

The energy of the zone-center TO-A; mode de-
creases to 12.7 meV at 643 K (0.84T,). On the other
hand, the energy of the zone-center TO-E mode prac-
tically remains constant up to 643 K. The softening
of the TO-A; mode up to 643 K is rather moderate
compared to the behavior of the TO-F;, mode in the
cubic phase. ¥ The distinctive behavior of the TO
modes in both sides is consistent with the fact that
the temperature dependence of €33 is characterized by
a first-order phase transition.
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Figure 2: Tempera.turé dependence of phonon dispersion rela-
tions for PbTiOa.

References

1) M. D. Fontans, G. Dolling, G. E. Kugel, and C. Carabatos,
Phys. Rev. B20 (1979) 3850. .

2) G. Shirane, J. D. Axe, J. Harada, and A. Linz, Phys. Rev.
B2 (1970) 3651.

3) I Tomeno, S. Shimanuki, Y. Tsunoda, and Y. Ishii, J.
Phys. Soc. Jpn. 70 (2001) 1444.

4) G.Shirane, J. D. Axe, J. Harada and J. P. Remeika : Phys.
Rev.B2 (1970) 155.

JRF4 : JRR-3 38 : TAS-1(2G)

S8 PHETEEL (88)



JAERI-Review 2005-034

WETF—~ : FER T vy FVEA N OBESIEE

HREE : R Y T NVF 1k ThRuPr ORBESHEE

1-1-12

Magnetic Structure of Filled Skutterudite ThRusP1s
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Filled skutterudite compounds RM,X;; (R
= rare-earth, M = Fe, Ruor Os; X =P, Asor
Sb) have attracted a great deal of interest due
to a wide variety of physical properties such
as superconductivity, metal-insulator transi-
tion and magnetic ordering. It is believed
that their properties are originated from f
electron instability and/or the nesting of the
Fermi surface. ~ Although intensive studies
on filled skutterudites have been carried out,
there is only a few study on magnetic struc-
ture analysis. In this work, we have per-
formed powder neutron scattering measure-
ments using TbRu,P;, samples and have an-
alyzed their magnetic structure.

Powder samples of ThRu,P;; were syn-
thesized by a high-pressure cell under high
temperature using a wedge-type cubic-anvil
high-pressure apparatus. Magnetic suscep-
tibility measurements reveal the presence of
magnetic phase transitions at T3 = 20 K and
T2 = 10 K. To clarify the magnetic structure
at low temperature phases, we performed
powder neutron scattering measurements us-
ing the powder diffractometer HERMES in
JRR-3M of JAERI at Tokai. The incident
neutron wave length was 1.82035 A. The
powder samples were inserted in a 5 ¢ vana-
dium cylinder and mounted in an Al con-
tainer filled with He thermal exchange gas.

Fig. 1 shows neutron diffraction pattern
at T = 30 K and T = 13 K. The pattern
at T = 30 K is well defined by the crystal
structure with space group Im3. At low tem-
perature, new peaks appear, indicating the
presence of an antiferro - magnetic ordering
below Ty. The data can be well explained as-
suming that spins on Tbh atoms at corner and
center of unit cell are oriented in the opposite
direction. Magnetic moment on Th atoms is
estimated to be.8.8 up/Th, which is compa-
rable to the value of free ions (9 ug/Th).

Fig. 2 show the temperature dependence

of the magneti¢ peak intensity at (1,0,0) be-
low T' = 25 K. As shown, the intensity de-
creases with increasing température and dis-
appears above T' = Tj. This suggests that
T; is a Néel temperature. At T = T, how-
ever, there is no anomaly. Further studies is
required to clarify the transition at 7Tb.

TbRu,P,,
5000
T T=13K 2 :
4000 H ——T=30K 5 2 .
oy s .
3 Y :
© 3000 | = & & ]
Lo —_ N
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T 1000 L ¢ . o Nod el
0oL bt 1 —. | P ]
10 20 30 - 40 50
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Fig. 1. Powder neutron diffraction patterns of

TbRuyPi; at T = 30 K and 13 K.
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Fig. 2. Temperature dependence of magnetic inten-
sity at (1,0,0) below T' = 25 K.
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Modulated Structure of Bi-substituted Misfit Layered Cobaltite [Ca20003]p0602

Y. MIYAZAKI, Y. SUZUKI, M. ONODA!, N. IGAWA?, Y. ISHII?, Y. MORII? and T. KAJITANI

Department of Applied Physics, Tohoku University, Sendai 980-8579
1 Advanced Materials Laboratory, NIMS, Tsukuba, Ibaraki 805-0044
2 Neutron Science Research Center, JAERI, Tokai, Ibaraki 819-1195

Misfit-layered cobalt oxides have recently attracted
much attention as potential candidates for thermo-
electric (TE) materials. Among the compounds,
partly Bi-substituted [CasCoO3],CoO2 samples are
known to exhibit excellent TE properties at higher
. temperatures. We have employed a high-resolution
neutron powder diffraction technique to investigate
the modulated crystal structure of the Bi-substituted
compound, in particular the site preference of Bi and

the substitution effect on the positional modulation of

atomic sites.

Neutron powder diffraction (ND) data were col-
lected at 203 K by means of HRPD diffractometer
installed at the JRR-3M reactor in JAERIL. The ND
-.data were analyzed using a Rietveld refinement pro-
gram PREMOS 91. The superspace group of Cc2/m(1
p 0)s0 was appropriately adopted.

Co0Oy
subsystem

CasxCo03
subsystem

7 C002
subsystem

Figure 1: Fundamental crystal structure of [Ca2C003]pCoO2.

Figure 1 shows the fundamental structure viewed
in perspective from the b-axis. The structure con-
sists of a CoOp sheet and an ordered three-layered
rock salt (RS)-type CapCoOs block, stacked paral-
lel to the c-axis. The CoOj sheet is composed of
a triangular lattice as seen in the Cdls-type struc-
ture. Bismuth atoms are found to substitute both
for Ca and Co atoms in the RS-type [CazCoOj3] sub-
system. The resulting structural formula is expressed
as [(Cao.90Bi0.10)2(C00.95Bio.05)O3)0.6183CoO2. Upon
Bi-substitution, the a- and c-axis lengths markedly
increased while the bgoo,- and brs-axes showed only

25
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Figure 2: Co-O distances 'plotted against a complementary co-
ordinate, t/, for (a) the Bi-free and (b) Bi-substituted samples.

slight expansion. The variation of the atomic po-
sitional modulation can be further- understood by
plotting against ¢', a complementary coordinate in
the (8+1)-dimensional superspace. Figure 2 shows
the Co-O distances of Bi-free (a) and Bi-substituted
(b) samples. The upper left panel shows the Co2-
O distances in the RS-type subsystem of Bi-free
[Ca2Co03],Co0; ‘sample, plotted against t’. The
Co2-0 distances are periodically altered with the in-
terval of £’ = 0.6181. A Co atom at z = 1/2 has
six oxygen neighbors, with four equatorial O2 and
two apical O3 atoms. Among these bonds, two apical
bonds (iii and v) are fairly shorter than the other four

. equatorial bonds.

When a small amount (5%) of Bi is substituted for
the Co2 site, the modulation amplitudes of the two
apical Co(Bi)2-O3 bonds (iii and v) are remarkably
reduced as illustrated in the upper right panel. In con-
trast to the Co(Bi)2-O bonds, the six Col-O1 bonds
illustrated in the lower panels show an opposite substi-
tution effect. The Col-O1 bonds of the Bi-free phase
(lower left panel) show small modulation amplitudes
from 1.8 to 1.95 A, relative to the Bi-substituted phase
of 1.75 to 2.0 A.

The observed increase in Seebeck coefficient and
electrical resistivity of the Bi-substituted phase can
be explained in terms of the decrease of hole concen-
tration in the CoQO; sheets, as well as the significant
modulation of the conduction paths.
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One of recent topics in the field of strongly

correlated electron systems is the various:

physical properties and phase transitions of
the filled skutterudite compounds (RT¢X;2,
R = lanthanide and actinide elements, T
= transition metal, X = pnictogen) crystal-
lizing in the common body centered cubic
structure (space symmetry Im3) as shown in
Fig. 1.

Fig. 1. Crystal stricture of filled skutteridite.

In addition to the electronic phenomena,
there is an interesting property of the crystal
lattice [1]. The R ions are located at a rather
large space between the rigid cages formed
by T and P atoms. Thus, the Pr ions are
expected to be loosely.bounded in the crys-
tal lattice and to exhibit local anharmonic
vibration with an anomalously large ampli-
tude, which is called as “rattling”. Such
local mode was suggested to be a key for
a good thermoelectric property, since it re-
duces thermal conductivity due to propagat-
ing phonons. In order to investigate a tem-
perature variation of the Debye-Waller fac-
tor, we performed X-ray and neutron diffrac-
tion measurements of crystal structure of
PrOs,Sbys between room temperature and 7
K. The former was at the conventional X-
ray diffractometer, and the latter at powder

neutron diffractometer HERMES (T1-3) in
JRR-3M reactor, JAERL

The observed Bragg reflection patterns at
room temperature in the both X-ray and
neutron diffraction experiments are consis-
tent with the previously determined isotropic
B factors for the Debye-Waller factor of 3.009
at Pr, 0.1980 at Os and 0.3350 at Sb sites [2].
It is noticeable that the B value of Pr ions
is ten times larger than those of Os and Sb.
The temperature variation of B factors are
depicted in Fig. 2. The B values of Os and
Sb becomes almost zero below around 170 K.
On the other hand, that of Pr keeps the large
value down to 20 K. This result supports the
rattling mode of Pr-ion which survives down
to low temperature.

B parameter {A %] (Pr: o )
( © «qs* O 150) [, Y] sorourered g

Tempenature [K]

Fig. 2. Experimentally determined B values for the
Debye-Waller factors. :

This work was supported by Prof. K.
Ohoyama, IMR, Tohoku University.
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Neutron powder diffraction study of RB;,
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Rare-eath dodecaborides RBy2 (R=Tb, Dy, Ho, Er,
Tm, Yb, Lu) series has NaCl-type crystal structures
consisting of R and Bj, cubooctahedrons. It has
shown clearly from the recent single-crystal neutron
diffraction experiments on R = Ho, Er, and Tm that
these compounds show the same antipahse domain
type antiferromagnetic structures with the propgation
vector Q = (1/2 —5,1/2 — §,1/2 —§), 6 ~ 1/26 V).
On the other hand, R—Yb is well known as a mixed-
valence compound and a Kondo-semiconductor with
the gap of about 200 K at Fermi level. The gap de-
velops below about 100 K. A lot of studies on this
compound has been done in order to solve the mecha~
nism of the gap formation. Recently, Iga et al. carried
out neutron inelastic. scattering expernnents on this
compound using the single crystal sample 2. They
found that, although the compound did not undergo
the long-range magnetic order, the compound showed
the (1/2,1/2,1/2) antiferromagnetic correlation in the
excitation energy of about 160 K at low temperature.
They claimed the correspondence between the mag-
netic behavior of YbB;2 and that of the other com-
pounds which show the long-range magnetic order. In
this report, we show a part of the result of the neutron
powder diffraction study on R'!Bj; series. The pur-
pose of the study is investigating the relation between
the magnetic behavior and the crystal parameter of
these compouds.

The crystal lattices of these compouds are very
hard, bacause the lattice constant changes only 0.1 %
or less by changing the temperature from 300 K to 4
K. Fortunatery, neutrons are not absorbed so strongly
by !B atoms and have almost same sensitiviy to !B
atoms as those of other elements. Thus, we could
detect the temperature dependence of the atomic po-
sitions of 11B atoms of these compounds, although the
errors were large. Figure 1(a) and (b) show the tem-
perature dependence of the lattice constant and in-
teratomic distance of YbB;; obtained by the Rietveld
analysis (RIETAN-2000). With decreasing tempera~
ture, the lattice constant stops decreasing at about
100 K, at which the gap starts to develop. Further-
more, as clearly shown in Fig. 1(b), the size of the Bj2
cluster enlarges and consequently interatomic distance
between Yb atom and B atom rapidly decreases. On
the other hand, in HoB;s which shows the long-range
antiferromagnetic order, Bi2 cluster suddenly dimin-
ishes at magnetically ordering temperature,Ty=7.2

K and consequently the Ho-B distance is lengthened.
These results indicate that the gap formation or the
long-range magnetic order of RBj2 are closely con-
nected with the interatomic distance between rare-
earth atom and boron atom.
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Figure 1: (a) Temperaturé dependence of the lattice constant
and (b) temperature dependence of the interatomic distance of
YbBj2 obtained by RIETAN-2000 analysis.
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N. Kodama et al have observed the
long-persistent phosphorescence of Ce** in
Ca,Al,Si07 [1], [2]. We observed white
afterglow in Tb and Ce co-doped
Cag5S1r1.5A1,8i07 quite recently [3]. These
melilite-type compounds are promising
candidate for new phosphors. Therefore, the
crystal structure was refined by the Rietveld
method with neutron diffraction pattern in
order to clarify the atomic positions and
surrounding environment of Ce’* in
Cao,5Sr1,5A128iO7. ]

Powder neutron diffraction pattern for
refinement was obtained with the powder
diffractmeter for high efficiency high
resolution measurements (HERMES) of
Institute for Materials Research (IMR),
Tohoku University, installed at JRR-3M
reactor [4]. An incident neutron wavelength
of A= 0.182035 nm was obtained from a
 Ge(311) monochromater. The powder
sample was enclosed in a cylindrical
‘vanadium vessel and mounted on a
double-axis diffractmeter.

The measured pattern was analyzed by a
program RIETAN [5], assuming the space
symmetry P4-2m (No.113) and - Ce**
substituted for Ca/Sr site [6]. Figure 1
shows observed and calculated diffraction
patterns for CagsSr; sAlLSiO7:Ce**. The
crystal structure was determined to be the
tetragonal structure with the space group of
P4-2;m (a = 0.78050(2) nm, b = 0.78050(2)
nm, ¢ = 0.52262(2) nm). A satisfactory
good fit was achieved and the final Rwp
factor was 4.38 %.

The brilliant luminescent properties of
Tb and Ce co-doped CagsSry. sA1Si0; are
closely related to its layered structure
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Structural study of CazRu;0; by powder neutron diffraction
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The Ruddlesden-Popper (R-P) type ruthenates (Sr,
Ca)p4+1Ru,,O3n41 attract many researchers since the
discovery of the spin-triplet superconductor, SroRuQOy4
(u=1).1) The double-layered SrsRusO7 (n=2) shows
the Fermi-liquid behavior and ferromagnetic instabil-
ity in the ground state, which has been lately dis-
cussed a quantum criticality tuned by a magnetic
field. %3) The recent report revealed that substan-
tial ferromagnetic ordering emerged under the uniax-

ial pressure up to 1 GPa.®) The crystal structure is

a distorted R-P type structure with the orthorhombic
space group Bbcb 4}, which have rotations of RuQOg oc-
tahedra around c-axis. Such a distortion may play an
important role in magnetic properties of SraRuyO7. It
is interesting to investigate how the structural distor-
tion relates to the physical properties.

CagRuz07 has a more distorted crystal stric-
ture than Sr3Ru2O7 owing to the smaller jonic ra-
dius of Ca?t than of Sr?>t. The crystal struc-
ture shows the orthorhombic symmetry with Bb2;m
space group, accompanying both the rotation and
tilting of RuOg octahedra.’) CagRu,O; shows a
quasi-two-dimensional metallic ground state with an-
tiferromagnetic ordering (Tyy = 56 K) and have a
first-order metal-to-nonmetal transition at Ty =
. 48 K."®) Recently, the jump of the lattice parame-
ters was observed at the first-order transition tem-
perature from x-ray diffraction and a thermal con-
traction measurement.® 1) To clarify the tempera-
ture dependence of the structural parameters, we car-
ried out.neutron powder diffraction measurements for
CaaRll207.

Powdered sample was prepared from crushed sin-
gle crystals of CagRuyO7 grown by a floating zone
method. Neutron-diffraction measurements were per-
formed at the JRR-3M reactor, Tokai, JAERI. The
powder diffractometer HRPD was used in the mea-
surements from 10 K to room temperature (RT).

Nuclear structure refinements were made for
CagRuzO7 measured at 10 K and RT using a Ri-
etveld refinement program RIETAN.1)) In the nuclear
structure refinements, the obtained R values for each
temperatures are in the range from 7.56 to 9.86%.
The final structural parameters at RT are consistent
with those in the previous report.®) From the result
of Rietveld analysis, the temperature dependences of
the structural parameters are obtained. For example,
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Figure 1: Temperature dependences of lattice constants (a) a,
{b) b and (c) c.

Figs. 1(a), (b) and (c) show the temperature depen-
dences of the lattice constants a, b and ¢ of CagRuy0+,
respectively. The lattice constants a and ¢ shorten on
cooling from RT, while b elongates with decreasing
temperature. As mentioned in the previous report, the
lattice parameters jump at the first-order transition
temperature, denoted as broken lines in the figure,
where ¢ shortens about 0.1%, while a and b lengthen
both about 0.07%. The lattice volume increases at
this transition.

On cooling below Ty, an additional reflection
emerges and can be observed at 10 K, which can be
indexed in the Bb2;m lattice with (100). This peak
corresponds -to an antiferromagnetic ordering. To
discuss magnetic structure, it needs further neutron-
diffraction study using single crystals.
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Li Content Dependence of Thermodynamic Stability, Crystal Structure and Electrode
Performance of Li;Mn; ;M Oy as a Cathode Active Material for the Lithium Secondary
C Battery

Y. Idemoto, K. Horiko, H. Sekine and N. Koura

Faculty of Science and Technology, Tokyo University of Science,
2641 Yamazaki, Noda-shi, Chiba 278-8510, Japan '

1. Li content dependence of
thermo-dynamic stability, crystal
structure and electronic structure for
chemical delithiation of
Li,Mn, M, 0,(M=Mg, Al, Cr, Mn, Co,
Zn, Ni) as a cathode active material for
Li secondary battery

We investigated the relation between
the thermodynamic stability and crystal
structure dependence of Li content for the
chemical delithiated spinel,
LixMn,.,M,04 (M=Mg, Al, Cr, Mn). The
enthalpy change per mole of atoms for the
formation reaction, 4 Hp, were calculated
- from the heat of dissolution. A4 Hp
increased with the decreasing Li content. 4
Hpy of the all amounts of Li content for
LixMn,yMy;O4 (M=Mg, Al, Cr, Mn)
decreased compared to those of Li,Mn,Oy.
The crystal structure analysis by powder
neutron diffraction [HERMES, JRR3M in
JAERI (Tokai)] was examined for
LixMn, \M,04 (M= Mg, Al, Cr, Mn). The
Madelung energy for Li,Mn,;,M,0; (M=
Mg, Al) decreases with decreasing Li
content, and it was associated with the
thermodynamic data. From these results,
the host structure is structurally and
thermodynamically stable of the all
amounts of Li content with the substitution
of M for Lianz.yMyO4. :

Next, we investigated the crystal
structure, electronic structure and nuclear
state of chemical delithiated spinel
LiyMn, yM,04 (M=Mg, Al, Cr, Mn, Co, Zn,
Ni) dependence Li content, x. We obtained

the electronic and nuclear density
distributions of the samples from XRD and
neutron diffraction data using the maximum
entropy method. Li content of
LiyMn,.,M,;0, was controlled by changing
concentration of H;SO,-H,O aqueous
solution. Mn valence increased and lattice
parameter, a, decreased with the decreasing
Li content. The electron of LiggosMnyO4
was delocalization . from the results of
electronic density distribution. The amount
of change of covalent bonding of (Mn,
M)-O for LixMn,.,M,0, (M= Mg, Al, Cr,
Co, Zn, Ni) decreased in compaiison with
that of Li,Mn,0O4 when Li content change. -
From the results, the host structure is stable
with the substitution of M for
LixMn; yM;0s.

2. Crystal structure, physical property
and electrode performance depend on
synthetic condition and crystal structural
change during charge-discharge process
of LiMnysNips04 as cathode materials
for SV class lithium secondary battery

We investigated the physical property,
crystal structure and electrode performance
of LiMn, sNipsOs as a 5V class cathode
active material, which was prepared by
changing the calcination temperature with
the sol-gel method. Cycle performance is
different from the calcination temperature.
LiMn, sNig 504, which calcined at 700°C,
showed a good cycle performance with the
maximum discharge capacity of
125.3mAh/g, and the capacity after 100
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cycles was 95.1% of the maximum capacity.
The crystal structure was determined by
Rietveld analysis using powder neutron
diffractionfHERMES, JRR3M in JAERI
(Tokai)]. From a result, LiMn;sNigsO04,
which calcined at 650°C, composed of
mixing two space group P4332 phases. It is
‘suggested that the oxidation states of Ni
change in the sample, as these phases are
different from each lattice parameter. Ni
valence of sub-phase for LiMn;sNipsO4
calcined at 650°C, which was calculated
from Bond Valence Sum, increase.

Moreover, we investigated, the distortion

and the stability of crystal structure by the
bond length and the Madelung energy,
nuclear and electron densities by MEM
method with neutron diffraction and X-ray

diffraction.[1] -

Next, we investigated the relation
between the cycle performance and crystal
structural change during the
charge-discharge process of LiMnj sNigsO4
as a 5V class cathode active material, which
was prepared by changing the calcination
temperature using the sol-gel method. The
lithium content of Li;Mn; sNips04 (x=0.5,
0.7, 1.0) was controlled by electrochemical
lithium extraction. The crystal structure was

~determined by Rietveld analysis using
powder neutron diffraction. As a result, all
samples consisted of three phases (space
group: P4332) of different lattice constants
and Ni valences. The main phase, which
has the maximum percentage, was shifted
to a phase with a lower lattice constant with
the decreasing lithium content, and then
finally Li;Mn; sNip sO4 (x=1.0) was almost
oxidized to Ni*" by a charging process.
Furthermore, LiMn,sNigsO4 by changing

the synthesis temperature, was different for

a few oxidation processes; the structure of
the phase at Ni** was not stable based on
the distortion of the each phase and the
Madelung energy. It was suggested that
these factors should provide an effective

‘ cycle performance.[2]
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Defect structure of oxygen-excess pyrochlore-type Ce2Zr20s elucidated using neutron
powder diffraction

H. Otobe, N. Igawal, Y. Ishii!

Department of Material Science, JAERI, Tokai, Ibaraki 319-1195
INeutron Science Research Center, JAERI, Tokal, Ibaraki 819-1195

The neutron diffraction studies have been
performed on oxygen-excess pyrochlore-type
(P-type) Ce2Zrz0s in order to elucidate the defect
structure of this material.

P-type AneZr:Ovx (An = Pu, Am, Cm etc.) has
attracted significant research interest as
radioactive waste-forms and targets for actinide
transmutation in nuclear engineering field.1? It is
important to clarify the thermodynamic and
defect properties of these systems for such
applications. However, it is difficult to handle the
transuranium  materials for their high
radiotoxicity. It is convenient to study the
thermodynamic and defect properties of P-type
CezZr:0m+x, a rare earth analogue of P-type
AngZreOr4r (An = Pu, Am, Cm etc.) and apply the
study to that of transuranium materials.

Thomson et al. studied the structure of P-type
CezZ.rzO'I.sv' by neutron and X-ray powder
diffraction methods.® P-type Ce2Zrz0s is the first
example of oxygen-excess pyrochlores with
fluorite-dioxide composition (O0/M=2) among a
variety of pyrochloi:es already synthesized. Their
neutron diffraction data were different from that

of stoichiometric fluorite dioxide and P-type

CezZrz07. The peaks seen over 2.1 < d-spacing <
2.6 A could not be attributed to those of the
stoichiometric materials. They proposed a defect
model that excess oxygen sites are composed of
two types: One is a tetrabedrally coordinated
anion site as in the fluorite-type zirconia, the
other is a trigonal anion site surrounded by three
cerium ions, although the cations are ordered in
the usual pyrochlore arrangements. Their data
and model are very impressive, but their samples

had the impurities as written in their papers.
Therefore, we have prepared the P-type CezZr20s
sample without impurities. '

Figure 1 shows the neutron diffraction
pattern of pyrochlore CesZr20s obtained by usiné
HRPD (1=1.823 A). This pattern exhibited the
same peaks as those of Thomson et 2/ The result
indicates the peaks over 40° <26 <500 are intrinsic
to P-type CeoZr:0s, oxygen-excess pyrochlore.

'Figure 1 also shows the calculated pattern of

stoichiomeric P-type CezZr:07 by a program

_ RIETAN-2000.2 The Rietveld analysis is in

progress.
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Figure 1: (a) the observed pattern of P-type Ce2Zr20s,
(b) the calculated pattern of stoichiomeric P-type CesZr20.
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‘Development of the Uniaxial Pressure Cell for Neutron Diffraction and its Study
on Pressure Induced Ferromagnet SrsRusO7

"N Asol, H. Kimura?, Y. Noda?, Y. Uwatoko?®, Y. Yoshida?, S-I Tkeda?, and S. Katano®

1 Neutron Sci. Lab., ISSP, Univ. of Tokyo, Tokai, Ibaraki 819-1106, %Inst. Multidisciplinary Res.
Adv. Mater., Tohoku Univ., Sendai 980-8577 3 Institute for Solid State Phys., Univ. of Tokyo

Kashiwa 277-8581 * Nanoelectronics Res. Inst. AIST, Tsukuba, Ibaraki 805-8568
SASRC, Japan Atomic Energy Research Institute, Tokai, Ibaraki 819-1195.

The bilayered perovskite SrgRusO; show
a crossover from paramagnetism to ferro-
magnetism (FM) under not only applied
pressure[1, 2] but also magnetic field[3]. The
interaction between the rotation of RuQOg oc-
tahedra around c-axis and the FM, often dis-

cussed in connection with FM correlations -

in the spin-triplet superconductor SroRuOy,
and the FM in the SrRuOjs, attracts much
attention in recent years. '

To clarify the above magnetism, we have
developed uniaxial pressure cells for neu-
tron diffraction. Four-circle neutron diffrac-
tion experiments on SraRu2O7 under uniaxial
pressure along c-axis has been performed at
the FONDER in the research reactor JRR-
3M, JAERI, to examine both the neutron
absorption effect of cells themselves and lat-
tice parameters of as a function of uniaxial
pressure and temperature. It turned out to
be that the cells are good enough for the
four-circle neutron diffraction technique and
the crystals do not break at pressures up to
about 4 kbar,

Figure 1 shows temperature dependence of
lattice parameters of < a > (Top) and ¢
(bottom) under both ambient pressure and
uni-axial pressure at 4 kbar along c-axis in
Sr3RuyO7. At room temperature, the lattice
parameter c shirinks by ~ 0.3 % and < a >
expands by ~ 0.2 % increasing the uni-axial
pressure up to ~ 4 kbar along c-axis. It also
" cleary shows the similar temperature behav-
ior to those under ambient pressure, imply-
ing the existence of the rotation of RuOg oc-
tahedra around c-axis even under uni-axial
pressure at 4 kbar along c-axis.

" Qur crystal structure analysis of the study
under uni-axial pressure is now under way.
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Fig. 1. Temperature dependence of lattice parame-
ters of < a > (Top) and ¢ (bottom) under ambient
pressure and uni-axial pressure at 4 kbar along c-axis
in Sr3Ru207.
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1-1-21 Neutron Diffraction Analysis of Hydrogen Bonding Networks of Inosine
5°-Monophosphate Hydrate Stable in the High-Humidity Range

S. Yamamura, Y. Sugawara, H. Kimura*, and Y. Noda*

School of Science, Kitasato University, 1-15-1 Kitasato, Sagamihara, Kanagawa 228—8555,
Japan; *Institute of Multidisciplinary Research for Advanced Materials, Tohoku University,
2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan

Humidity-induced phase transitions of
nucleotide hydrates proceed accompanying

reconstruction of ~ hydrogen-bonding
net-works. To establish the
hydrogen-bonding scheme, neutron

diffraction analysis was started. Succeeding
to disodiom  ionsine 5°-phophate
heptahydrate (NapIMP  7H,0: the dry
form),[1] neutron diffraction analysis of the
octahydrate (the wet form) was carried out.
Using an as-grown crystal with
approximate dimensions 10 x 8 x 1 mm’
sealed in a quartz capillary tube, data
collection was carried out by a four-circle

diffractometer, FONDER, at T2-2 of JRR3M

in JAERI (Tokai). At room temperature
3878 neutron intensity data up to 0.88 ‘A
were collected with the neutron wavelength
of 1.24 A. Crystal data are shown in Table 1.
All hydrogen atoms of the IMP molecules
and 34 hydrogen sites of 21 crystal water
sites in an asymmetric unit were determined

by iteration of difference Fourier syntheses

8o an® ! >
¢ ] ®,
s"'l ‘
X

Table 1: Crystal data . c

Chemical formula I

Na,CyoHN,OgP.8.2H,0 -
Crystal system  monoclinic
Space g'roﬁp P2

alA 8.723(13)

blA 22.395(16) SO
clA 12.299(8) Y

Bldeg 109.62(8)

z 4

Figure 1: Crystal water region of
the wet form viewed along
the a axis.

and full-matrix least squares refinement
cycles starting from the coordinates of
non-hydrogen atoms of the IMP molecule
determined by X-ray analysis. The final R
factor is 0.07 for 2719 observed reflections
(FoP>40(Fy)). '

In the wet form, one sodium ion and five
water molecules are disordered and grouped
into two, the occupancy factors of which
were determined to be 0.6 and 0.4,
respectively (dark gray circles and light gray
circles in Figure 1). Sodium coordination
and hydrogen-bonding networks for each
group were confirmed. The environment of
12 crystal water sites in the wet form and in
the dry form is highly similar judging from
the hydrogen bonding and sodium
coordination schemes.
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Impurity-induced Ferroelectric Phase Transition in a Quantum
Paraelectric KTaO,

Yasusada YAMADA, Takamitsu KOMAKI, Shutaro ASANUMA
and Yoshiaki UESU

Advanced Research Institute for Science and Engineering, Waseda University

3-4-1, Okubo, Shinjuku-ku, Tokyo 169-0072

Quantum paraelectricity is one of
the characteristic features exhibited by
several ahharmonic optical phonon
systems. Due to the anharmonic self
_energy, the frequency of the lowest lying
optical mode  becomes  strongly
temperature dependent with general
tendency that the frequency becomes

remarkably reduced as T — 0, which is

‘soft optic mode’. Actually,
however, at low. temperatures the
quantum . fluctuations (zero point
vibration) start to play a role to tend to
suppress the transition. Such a system is
called quantum paraelectric.

KTaO, is- known to be one of the
represén'tative's of quantum paraelectrics.
By introduction of Li impurity at K-site
by a few percent, the system induces
ferroelectric  phase  transition  at
sufficiently high temperature. At x=0.05,
KTO:Li- x becomes ferroelectric. For

calIed the

x >0.05, the phase boundary between

ferro-para transition is well defined.

The observed dielectric constant of
the sample of x =0.03 exhibits sharp
peak at the transition temperature, 50K.
If we assume the ‘soft mode’ mechanism
similar to the case of pure KTO system
holds, we expect sharp decrease
(complete softening) of the &, in
x=0.03 system in a narrow temperature
range around 50K.

We have carried out neutron inelastic
scattering experiments on pure KTO and
KTO:Li-0.08 crystal in order to

15 F B

: JRR—3M, #i&: HQR (T1-1) GPTAS (4G)

investigate the behavior of the
lowest-lying optical mode at low
temperatures. Inelastic neutron
scattering experiments were performed
using a triple-axis - spectrometer
T1-1HQR installed in JRR-3M in Japan
Atomic Energy Research Institute with
the incident energy of neutron beams of
13.60 meV (1= 2.459 A).

The results are summarized in Fig. 1.
The data on ,pure KTO are consistent
with the previous observation of the
dispersion curves by Axe et al. taken at
T =90K, and 6K.

The most remarkable point of the -
present results is that the curve of

hdy, (T) of KTO:Li-0.03 lies consistently

higher by about 1 meV above that of pure
KTO throughout the - observed
temperature range. This is in complete -
disagreement with the expected curve if
the critical softening of the optical mode
is assumed to be the driving mechanism
of the phase transition.

We have also carried out X- ray
diffraction experiments to observe the
lattice constants to elucidate the
structural characteristic of the ‘glassy’

~ state. It turns out that the glassy state is

characterized by the semimacroscopic
random coexistence of paraelectric and
ferroelectric phases. Those results seem
to suggest strongly that in a narrow
concentration range 0.02<x<0.03, the
observed specimens are in a state of the
two-phase (paraelectric and ferroelectric)

N
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coexistence.

Fig. 1. The observed temperature dependences of the soft mode energies for
pure KTO (open circle ) and KTO:Li-0.03 (open rectangular). The solid and
dash-dot curves are the calculated curves using the Barette formula. The
parameter values are commonly taken as 7,=44.98K and 7;=1.45K for both

cases.
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This situation probably
would correspond to the ‘glassy’ state
where the macroscopic symmetry can not
be unambiguously defined.

Temperature dependence of phonon Energy
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Structure Determination of Lithium-inserted Fe;(SO4); Cathode Materials with f-

Fez(SO4); Type by Neutron Diff