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Abstract

This report describes the results of research
activities of the Center for Creating New Materials
in the second research period from 1996 to 2001.
This center was intended for search, creation and
estimation of physical property of mainly new
materials by experimental and theoretical methods.
Moreover, data collection useful for creating new
materials was also one of the main purposes of our
center.

Chapter 2 reports the results studied on electronic
structures of various compounds, such as metals,
transition metal carbides, transition metal nitrates
etc. For these calculation, norm - conserving
pseudopotential data were used and new data were
added in this database.

Chapter 3 reports the results of theoretical study
on physical properties of magnetic semiconductors
and diluted magnetic semiconductors. For example,
Iuminescence in EuSe and EuTe was explained by
using a new magnetic polaron model. Temperature
dependence of its spectrum width was also ex-
plained theoretically.

Chapter 4 reports the results studied on electronic
structures and properties of various compounds,
such as LiV,0,, Sr;,-xCaxCu,O,, SrTiO; etc.

These studies also report new calculation programs

and methods developed for these materials.

Chapter 5 reports the results studied on design
and creation of new inorganic anion exchangers,
such as BiPbO,(NO;), BiO(NO;). 05H,0, etc.
These studies report their synthesis, structure, ion
exchange reaction etc.

Chapter 6 reports the results studied on design
and creation of new oxide ion conductors, such as
Bi,0;-M,0; system (M=V, P). These studies
report their synthesis, structure, phase, conductive
property, etc.

Chapter 7 reports the results studied on the struc-
ture of some of the homorogas series compounds, In
MO, (ZnO) , and a new compound, IngTisMgO,,.

Chapter 8 reports the results studied on design
and creation of new inorganic / organic compounds
such as polysilicate / organic ammonium compos-
ites and phyllosilicate / coumarin composites.
These studies report their synthesis, structure,
chemical and physical properties, etc.

Chapter 9 reports the results studied on construc-
tion of database. These studies report crystal chem-
istry of silicate compounds containing Me, Fe, Co,
Ni.

Chapter 10 reports construction, operation, and

management of a network system of our institute.
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Talbe 2.1: Calculated bulk properties

Bulk || Present [A][GPa] [ Exp.?? [A] | Dev. [%]
TiB 4.50 186

TiC 4.33 262 4.33 0.0
TiN 4.25 282 4.238%%) 28824) |  40.2
TiO 4.27 238 4.177%5) +2.2
TiF 4.58 103

TaC 4.46 342 4.46 0.0
HfC 4.59 258 4.64 1.1
NbC 4.48 312 4.47 +0.2
ZrC 4.66 239 4.70 0.9
TaN 4.42 341

HfN 4.49 300 4.53 0.9
NbN 4.43 334 4.39126) +0.9
ZrN 4.57 260 4.58 0.2

Calculated bulk properties (equilibrium lattice
constants[A], bulk moduli[GPa]) and deviation of the
present work and experiment??) for the lattice con-
stant {%)]. The 'p¢’ and 'np’ indicate that the partial
core correction is considered and not considered, re-
spectively.

Table 2.3: Calculated work function

Table 2.2: Calculated surface structure

€ Ae ™ )

TiC -06 | 6.6 | 0.14 | 0.032

TiC(64k) -06 | 57 | 0.12 | 0.029

TiC(49Ry) -0.9 | 6.6 | 0.14 | 0.039
TiC(Exp, LEED)% 0.14

TiN 14 | 98 | 0.21 | 0.005

TiN(64k) 1.6 | 9.2 | 0.20 | 0.021

TiN(Other theory)?”) 0.179 | 0.028

TaC -0.8 | 10.3 | 0.23 | 0.052

TaC(49Ry) -1.0 1 102 | 0.21 | 0.064
TaC(Exp, LEED)!¥ 0.2

TaN 33 169 037 | -0.20

HfC 1.9 | 5.7 | 0.13 | 0.051

HfC(64k) 1.9 | 5.0 | 0.11 | 0.048
HfC(Exp, LEED)!%) 0.11

HfN 14 | 94 | 021 |0.022

NbC -12 ] 9.6 | 0.22 |0.078
NbC(Exp, LEED)!% 0.16

NbN 2.6 | 134 | 030 | -0.13

ZC 0.6 | 5.1 | 012 | 0.050

ZrC(64k) 04 | 45 | 0.10 | 0.044

ZrN 1.3 | 89 | 0.20 | 0.017

Calculated surface structure for €[%)], Ae%),
displacement of outward(Dc) for Carbonfa.u.]
and displacement of inward(Drm) for transition
metal(TM)[a.u] toward the vacuum side, and dif-
ference height[a.u.] of outward carbon and inward
TM atoms(Dg.1nm). The ’pe’ and ’np’ indicate that
the partial core correction is considered and not con-
sidered, respectively. The 49Ry’ indicates the energy
cutoff is 49 Ry.

Relaxed | Unrelaxed Theory Exp.
TiB 4.93
TiC 4.62 4.19 477 3.828)
TiN 3.25 3.03 2.9229)
TiO 3.27
TiF 3.35
TaC 4.16 3.85 4.24(3.86)%) 4.3%0)
TaN 3.45 3.79 4.029)
HfC 4.28 3.86 4.5%9)
HN 2.79 3.13 3.85 - 3.902%)
NbC 4.26 3.85 4,239
NbN 3.33 3.59 3.9229)
Nb(bee) || 4.01 4.08 3.992°)
ZrC 4.30 3.94 4.0%9)
ZrN 2.79 2.84 2.9229)
Zr(fcc) 4.34 4.15 3.9%%

Table 2.4: Calculated surface dipole moment

relaxed ideal
TiC || -0.114328 (4.62) | -0.113079 (4.19)
TiN || -0.122870 (3.25) | -0.122838 (3.03)
TaC || -0.133570 (4.16) | -0.132752 (3.85)
TaN || -0.140991 (3.45) | -0.141923 (3.79)
ZrN || -0.116243 (2.79) | -0.116244 (2.84)
HfN || -0.121628 (2.79) | -0.122385 (3.13)

Calculated work function [eV] for transition metal
carbide surfaces. The ’pc’ and 'np’ indicate that the
partial core correction is considered and not consid-
ered, respectively. The ’49Ry’ indicates the energy
cutoff is 49 Ry. A value of 3.86 eV®) in the parenthe-
ses is for the unrelaxed surface.

Calculated surface dipole moment[a.u.)(Tentative).
A value of the work function (eV) indicates in the
parenthese.



o
77

EbstEEEtEcEEEEEEREE

AN

=
N

W L 6 X W K

2

Au{fcc) a=8.2a,u

N

EEEEEEEE Lt e EEEER

=

L G X W K

C({diamond) a=6.72a.u.

Fig. 2.1 Au,

NaN

\ %
ki

\

EtetercesEEEEEREREES

TSN

d

>

N

X W K

Hg(fcc) a=9.05a.u.

7

EEEsbebabetbboEEEEEE3883

ANl

%

[N/

Ji
gg%

=

G X W K
Iz{fce) a=7.4a.u.

E E E &t s 5 EE B EC

&
s

=

EEEEceLstecsesgEE g2

EMERTIRREE H18s

EtettseeaeEEDEE:

gb%&t TE% g §i¥J§Z
SERN IR SR
A7 E%Aé NI P
B s AN N e\
T = == R =
AL 2 £ =y
S = il s
SolE DSt~ NUNDS
oS IR iR
o e e E_,Q/N ] 53\ Q B

: =S
5% LT % N B e o

o

: 4 N ¥ G
Cs{bee,5d) a=1l.45a.u,

=

[ L [ X W K W I r X ¥ K
HEC(NaCL,pec) a = 8.7 a.u. BEN(NaCl,pco) a = 8,492 a.u.

Fig. 2.2 GaAs, Hf, HfC, HfN

EEEEsLbbEEepEEEEEEEEEE:

NIPZ40N
AR\

N

X W
In(fcc,4d) a=9.la.u.

=

N
%

N BN
- Sl ==
" i~ & <\§<9<
E g el B ot

K ! ’ KCl(NaCcl) aﬂl.l.!a.xu. v ! ' Kl‘(liaclc) B'l0.0Sifu. "
s A~ A E A y
p S S = PIOEART
= D= =
E <7L = E =1 =
- . n

i | N P
K{bce,3p) a=9,82a.u.

Fig. 2.3 Hg, In, Ir, K

W L G X H K W L 14 X W K
WaBr{NaCl) a=1l.2a.u. NaCl{NaCl) a=10.5a.u.

Fig. 24 KCl, KF, NaBr, NaCl



RAVE DL B3 5 HFSE

P(ac) a=4.625a.u.

= |

=<V ]

SOON
NN

NS ) \
P\ Vw@ﬁ\p//

B EEEEEEREEE 599935833 3 § 83 3 %3 3 8 i
JVTNV [ 1 u. ~N/ N
N7 IR I N

08C{NaCl,pece) a

§ § 8§ 8§ 8 8 8 3§ 4§ £3937439535¢8333
JVU AV D : \/ N/
AN 251

NbN{NaCl,pre) a

YY)

)
g\v

£985399959933593535838383%§

,K
S|
-

T\

/\H

i3
FA

g§gdg33333 :uu::u

= 8.4 a.u,

NbC{NaCl,pcc) a

tgiagcaagagaasaagesagyy;g

Po{sc,6d) a=6.2a.u,

833393393438

Os{fcc) a=7.7a.u.

Ph{fcc,5d) a=9.6a.u.

u.{78 GPa)

= 5.4 a.

0o{fce

Fig. 2.6 OsC, P, Pb, Po

Fig. 25 NbC, NbN, O, Os

TS,

RV
)

N U/

BEEEEEEEE KR

339339999333

=S
7
RN

7

7
L/
™

RAY

/
:

N/ |

G EFEEREEERER R

33993889

ST

<

=47
4V

Ly

§§ 838338}

13383813

\NJT

N
AN

Sl
;-

p

2
2N

£1533989383553339939558¢8§

/.

8i(dlamond,LDA} a=10.25a.u.

8e{fee;

4p) a=10.4a.u

7T
T

e
-
wn |

]
(1)
[
[t
[
m
m
n
Fr)
-
25
E ]

fofi/n

Ba
28
un
s
wa
L]
X
[}
(]
L)
E-]
25
e ]
-

SN/
NN

§8333938§8¢

TgEggIgaggaageesy

39393

&Vf

AW

)

J/

N

/

35339539 9583333%

L
BbI{R8) a

TaC{BaCl,pce) a

Re{fcc) a=7.7a.u.

.15 a.u.

= 14

Fig. 2.8 Se, Si, Ta, TaC

Fig, 2.7 Pt, Rb, Rb], Re



TR BRI RIT ssE  $81185

H K

B
<

b

X

r
ZxN{NaCl,pcc) a = 8,63 a.u,

TLO{NaCl,pce) a = 8,074 a.u
L G
T1{fcc,5d) an9.3a.u

L

/R

$§33555999593959899933339%3

AN VAR Y\VAL |
@wpﬂ\ /

TS

L

£3 8§ %4 5 8 %3 383 9%§3§ §39898839933°3939395993533

K
K

W
W

X
a = 8.8 a.u.

—
W L
A
O
\
W
Fig. 2.10 TiN, TiO, TiF, Tl

—

X
a = 8.70 a.u.

AT w%
N L ]

S—

r
TLF(¥aCl,pca)
N
L G
zre(acl,pec)

A

Z
5 ———\/
L r
TiN{HaCl,pcc) a = 8.03 a.u.

Fig. 2.12 ZrC, ZrN

Zn0O{ZB) a = 8.8 a.u.

Fig. 211 T1, W, ZnO(RS), ZnO(ZB)

ZR0(RS) a = 8.25 a.u.

£§9 3§ § § 3 3 8 § § ” $§ 1§85 § = «umuuw F3§3359595335°28539933
@>< L BN S A%:/
4
BN N e
AN RN ¢ < T I
$§59535383%892835353%5383% 58573378339 39933323%3353333 % $39§53535835383935§333 £ 3§33 1§¢8 3§ 8
T W7 .. WA, AVAY
A R A7/ N/ S I e e
Oossie V0 SPEUWN e =l Ty
NN L8 AN @ai%w AN
AN AN~ i}

G

53 $§35897993598983833§9333¢% 55889833953 839333% SRR EREREERERERE

tevy
an




REWE OBER T 55

OFRMNKICL2bDTT, BRSERLY, &2k
H TR & I AHEHEEAROHEE S X, #R)ITIREK
FEOURKZ L > TERENIbDEFHLTHET,

WIEZEITO LT, WMEMTFOHHKR GREE) %1k
U, REEERA /N —FEROWTEZIIE E W1 B L
T 2 RETT,

B—FEOSFBHHFHER 077 20U,
Rt OEHE K HEE AES, SXE#H), DEC (A
COMPAQ, OpenMP BH#), SGI (¥ Vavr o7 4
v 7 A, OpenMP BH#) O L XEREEZ L LT,
B BEHLE T,

FHEE, FEEMEPEROMf#E Y ¥, DEC
AlphaServer2100 4/200, Compaq AlphaServer
GS140, A — /18— a v B a—F Y A7 A (FEF]
M) © VPP500 (Ed:@), BRU%D%ME (HZo
SR8000, SGI2800), JEHF (CCSE) @ VPP300 (Fd:
), SX4 (HARER) FxAAMAL (fTbhl,

BE M

1) K. Kobayashi, to be published in 'The Review of High
Pressure Science and Technology’, Vol. 7 (1998), 196.

2) K. Takemura, K. Kobayashi and M. Arai, Phys. Rev.
B58 (1998), 2482,

3) BHFIH 2 O*Introduction” & U, “References”&If

4) J. S. Tse, Private communication.

5) D. L. Price, J. M. Wills and B. R. Cooper, Phys. Rev.
Lett. 77 (1996) 3375.

6) D. L. Price, J. M. Wills and B. R. Cooper, Phys. Rev. B48
(1993) 15301.

7) E. Wimmer, A. Neckel and A. J. Freeman, Phys. Rev.
B31 (1985) 2370.

8) K. E. Tan, A. P. Horsfield, D. Nguyen Manh, D. G.
Pettifor and A. P. Sutton, Phys. Rev. Lett. 76 (1996) 90.

9) K. Kobayashi, Jpn. J. Appl. Phys. Vol. 39, No. 7B (2000),
4311.

10) K. Kobayashi, Surface Science 493 (2001) 665.

11) M. Aono, Y. Hou, R. Souda, C. Oshima, S. Otani and Y.
Ishizawa, Phys. Rev. Lett. 50 (1983) 1293.

12) Y. Kido, T. Nishimura, Y. Hoshino, S. Otani and R.
Souda, Phys, Rev. B61 (2000) 1748.

19) WL, IR, BTHIES,

13) G. R. Gruzalski, D. M. Zehner, J. R. Noonan, H. L. Davis,
R. A. Didio and K. Muller, J. Vac. Sci. Technol. A7
(1989) 2054.

14) M. Tagawa, M. Okukawa, T. Kawasaki, C. Oshima, S.
Otani and N. Nagashima, Phys. Rev. B63 (2001) 673407.

15) K. Yamamoto, K. Kobayashi, T. Ando, M. N.-Gamo, R.
Souda and I. Sakaguchi, to be published in Proceedings
of the Diamond 97 (“Diamond and Related Materials 7
(1998), 1021").

16) K. Yamamoto, K. Kobayashi, H. Kawanowa and R.
Souda, Phys. Rev. B60 (1999), 15617.

17) H. Kawanowa, K. Yamamoto, S. Otani, K. Kobayashi,
Y. Gotoh and R. Souda, Surface Science 463 (2000), 191,

18) K. Kobayashi, Computational Material Science 14
(1999), 72.

“EoRESTFENE S
77 A OAFE”, JAERI-Data/Code 2000-19 (HZFEF
JITESERT)

20) A. Y. Liu and M. L. Cohen, SCIENCE, Vol. 245, 25
August (1989), 841.

21) H. Yoshida and T. Yamamoto, phys. stat. sol. (b)202
(1997), 763.

22) L. E. Toth, Transition Metal Carbides and Nitrides
(Academic, New York, 1971).

23) N. Schoenberg, Acta Chem. 8 (1954), 213.

24) V. A. Gubanov, A. L. Ivanovsky and V. P. Zhukov,
Electronic Structure of Refractory Carbides and
Nitrides(Cambridge University Press, Cambridge,
1994).

25) A. R. West, “Basic solid state chemistry”, Kodansha
Scientific (Japanese edition)

26) P. Villars and L. D. Calvert, Pearson’s Handbook of
Crystallographic Data for Intermetallic Phases(Amer-
ican Society of Metals, Metals Park, OH, 1985).

27) M. Marlo and V. Milman, Phys. Rev. B62 (2000) 2899.

28) C. Oshima, M. Aono, S. Zaima, Y. Shibata and S. Kawai,
J. Less-Common Metal 82 (1981) 69.

29) Y. Saito, S. Kawata, H. Nakane, H. Adachi, Applied
Surface Science 146 (1999) 177.

30) T. Aizawa, Rep. of National Institute for Research in
Inorganic Materials, No. 81 (1994), p. 27 [in Japanese] .



RIWEOBR B3 25

H3E BTREBOWEIC L 2WEHOMMETRICEY 5015
— it A R U R B O I B Y B IR BT S —

3.1 FLeic

RS RVER M ORI LD, D Eu oy
FA FiefRES L HMEEEECZ T, (Cd Mn)X
(X =8,Se,Te) TRFE & N5 [I-VI EATERGME I E A,
(Ga, Mn)As TRES 3 -V RE B EED
2N 7 B RO % DREREE 0, BEMER /B R~ T o
WHOMERTIRE L 22 D, PriBfkis L 8o B O R
DE L IR UM, 2 & OMEHI PB4k & it L
DOREWEIVETL2F ¥ V7 LAY v & OMELE
Rk s 5, B8F, X BR7 A AL LTOWREE
MK & R HRF DS I o T B, & DRRIDIRIL 2 8 4,
ARG TR E AR A EREEE AP O+ v Y
7= REAE  E OMEFRICK S TET 25HR
D HEEHAIMREE & BREER 2 HIY & L7 AT OB
FREL T2,

(1) M8 EuSe TOHRMBEBIRE FRESOR —
YEWNERALE Y AET BRI,

(2) EuSe it} % HERERRR—7 v O REH:
BT 2 gD,

(3) Eui@%l EuSe TOREEGEETFREDRE
IR L BEE RS B R,

1) * ¥V 7 RSB 25750,

(i) BEEECRERSR -0 v SR —&
BIEE OWF5EY,

(4) BHLOERES & 2 H R U - AEREEE AT O
HEMRS R — 5 v v OpfgeY,

EEEDOW, (Di2k D EuSe KU Eu v v a sy 7
A R ONBIN B DI BT 2 R0, K& BT
BRI % R o T BERERS R -0 7ML
EMER B O E BRI b BFERE R B R R LTz, %72 (2)
-(3)12 & Y Eu#%E EuSe 2RI 2 BB TOHSE—&
BB HEE L HCREMTR K —7 0 OFEEIK
ERBERHS T BEEPEMIC Ui, —F,
MeEACE LT, WickD, ZORKEELRRBE
R v DEGREIOZHR 2 B AN T2 FIERESR R —
VOH LWEIERFEREBRE L, O X BT R0
ELTCEMITE 255 TOHIRY, FEEGRE O %

£S5 LTHEREOZEL Y, KU ORTOHEES)
ROBEMER LI,

PUFR, EZB-> THEHL 2385, Zh o 0mgeidg
%V%i&tfﬂ%énfwék@w“::?ﬁﬁ
OEEB LI UHERROMERRTCEDIF L
twc@&wﬁﬁﬁ&%#Mk%qu,%n%nw

RYAZBBLTWREPIREENTH 3,

3. 2 EilEdEk EuSe MERBHBFHSR—5 0>
LI R A RIZEIT B RFTREY

EuX (X=S5,Se,Te) D1.4eV (HEDFIEHREZBEIL
CTIEHIFEL, EEMERICR T3 ERREI
BoltM, Zolw, 1990 AY, Eudrvay
T A ROBRIN -FNORIRES RERFICFRET L L5 &
v EER I E Ve, RAEETO v —7
WX DBHRE NS, o 07— BRET L 226
AR I, WIN DB £ S iz 4 £ R — VO FEBI
K& BIETENE - o R ERAR—F o v %
TN RO THREBBOER AT, ZORE, X
F—=Z AV TV, FHANZ MNVIBHEORNT —5 %
EMRERICHEET 570121k, BER—F a3
R RF, BFENOBEEESERmS NI, Fig3.1
2, AT PVORBEELOFHEBR & HEHE
U ik, Fig.3. 20 3 TFRER1 & 3 2 LA~
7 PVIBORBEZCOHER CEBRHR" 2R L7z,
INEN S, TR Z M 7 FIERIRE-FRER R —
O VETFNVTEBRERNPECHEEIN 2Tz RNbr 5,
—H, Anay U AREREREET L, AP—2 A
Y7 MDORER, FHAXRI PNVIBOKXKE ZDRBE I
BAL TR E2EFRH RO, Lr LETDE
Buciknid, Fig3 3R RIEFHNE A7 P IVIEDER
B v a S AREES R I Tn 3,
ZORERS, BEOHSKBFL, Mg (EuS), £ 5
M (EuSe) , KR (BuTe) & Bz 2729, B R —
O REED W EIBEB DAY OBEE L HERFED
FEMSKE N, HLS NI FHEORBEELH Y
WA I VRL D E L THIESNAELR LI,
ZDHEPS, 5dBETOBEY 2 R AR—7 o K



IR EIT R se ke E 850005

-3.26

-3.28 |
% -3.30 I
-  =3.32¢
a L
£ -3.34}
73] L

* -3.36T & experiment ]

uw -3.38} -

—g— calculation 1

=3.40 | 4

_3'42 [ 4 ] L [ " ] M 1 N ] ]

0 10 20 30 40 50 60
T(K)
Tig. 3.1 The calculated emission energy [2] is compared with

the experimental one[12]. The emission energy is
calculated as E.+ E,.,— E;, where E, is the energy of
the excited electron in the bound magnetic polaron
state, E,_, is the hole-phonon interaction energy due to
the lattice relaxation around the hole and E is the one
electron energy of the f-level [2,8]. Since E, may be
nearly constant with temperature, the temperature
dependence of E.+ E,_, shown in the figure represents
the temperature dependence of the emission energy. it
is seen that the emission energy shifts to the lower
energy with decreasing temperature. E, is chosen in
such a way that the calculated emission energy at 2K

fits to the observed one at the same temperature.
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Fig. 3.2 The calculated Huang-Rhys factor s, which shows the

magnitude of the lattice relaxation, is plotted as a
function of temperature 7 in the upper part, while in
the lower part the calculated spectrum width of the
luminescence w; due to the lattice displacement is
shown together with the observed spectrum width[12]

as a function of 7.
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The half width of the photoluminescence band, H, for
and EuTe

Fig. 3.3
EuS (ferromagnet), EuSe(metamagnet)
(antiferromagnet) observed in the experiment{12] is
shown as a function of temperature normalized by
each magnetic ordering temperature. This peculiar
behavior can be also explained well by the present
model. Note that the half-width in this figure, H, is
related to the half-width in Fig.3.2, w, with H=
2/1n2 w,=1.665w..
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The state of the single magnetic polaron in EuSe: the

Fig. 34
amplitude of the electron wave function ¢, and the x
-component of f-spin S,,; at each lattice site are shown
as a function of K,/a in which a is the lattice constant.
The direction of the sublattice of the localized fspin
without carrier is taken as the z-axis. The state is
shown for R,/a<6.0, while the calculation is perfor-
med within R,/a=9.0. It is seen that the magnetic
polaron is a kind of large polaron with radius of 2~3
lattice constant and the localized f-spins within the
polaron are aligned nearly ferromagnetically to the x

-axis.
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Fig. 3.5 The binding energy E p for the self-trapped magnetic

polaron in EuSe is shown as a function of the d-f
exchange interaction for the several cases of the band
width E; relevant to EuSe. The upper part (a) is the
case without the electron-phonon (EP) interaction,
while the lower part (b) is the case with the EP
interaction. The binding energy £ p without the BQEX
interaction is shown in (a) by B only for £,=2.5ev, for
comparison. In the case of EuSe, F, is estimated as 2.
5-3.0 eV, while the d-f exchange interaction is esti-
mated to be 0.20-0.25 eV
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Fig. 3.6 Two types of the magnetic transition discussed in Sec.

3.4 is schematically shown. (a) is the NSNS-CANT
-NNN transition, while (b) is the NSNS-NNS-NNC
-NNN transition. The NSNS means the antifer-
romagnetic ordering in EuSe without carrier, CANT is
the canted ordering, NNN is the ferromagnetic order-
ing, and NNS is the ferrimagnetic one. The canted
angle of f-spin, &, is shown for CANT and NNC. The

dashed vertical line shows the z-axis.
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Fig. 3.7 The calculated carrier-induced magnetic phase dia-

gram in EuSe is shown for the three-valley case as a
function of the carrier concentration C==n/N. The
three cases (I)-(III) relevant to EuSe are studied as

discussed in Ref.5.
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Fig. 3.8 The dense self-trapped magnetic polaron state within

the unit cell for EuSe. The upper shows the localized f
-spin state, and the lower the completely polarized
electron density normalized by #,. The x-axis is the
distance from the trapped center normalized by the

radius of the Wigner-Seitz sphere (7).
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Fig. 3.9 The spin-splitting of the electron-type bound magnetic
polaron state calculated with and without the fluctua-
tion of magnetization is shown for CdgesMngesSe as a
function of temperature. The result without the fluctu-
ation is shown by -4 while the result with the fluctua-
tion calculated by the method in Sec.3.5 is shown by =
The experimental data after Refs.21-23 are shown for
comparison. The calculated result with the fluctuation
explains well the experimental result.
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Fig. 3.10 The spin-flip Raman scattering spectrum calculated
at =0.5 and 6 K for CdyesMny,esSe is shown as a func-
tion of the Stokes shift, or the spin-splitting. The
calculated result explains well the experimental result

[23].
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#include "set_para.h"

const int =10;

const int [PAFAOVALA = 4
const int IPARA = IPARA_TRSFR + IPARA_OVRLP;

void [set_trsfl(double *xpara, vector< Transfer> &trsfr, TB_Lattice &latt1)

{
map<string, AtomKind>:iterator it = lattl.specs.find("Si");
AtomKind *akind = &((*it).second);
(*akind).clear();
(*akind).push_back_basis("s", xpara[1]);
(*akind).push_back_basis("p", xpara[2]);
trsfr.clear();
{
Transfer atrs("Si", "Si", 1);
atrs.Vss_s = xpara[3];
atrs.Vsp_s = atrs.Vps_s = xpara[4];
atrs.Vpp_s = xpara[5];
atrs.Vpp_p = xpara[6];
trsfr.push_back(atrs);
}
}

void [sef_ovrig(double *xpara, vector< Transfer > &ovrlp)
{ omitted.)

Fig. 4.2 Part of source code for the program “tbfit”
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represent the partial density of states of vanadium ag

orbitals..

4.6

Energy bands of LiV,0,. near Fermi energy. (a) actual
structure and (b) ideal stracture with u=0.25. The
sizes of data points are proportional to the weights of
wavefunctions projected on to the vanadium ag

orbitals..
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Comparison of energy bands for LiV,0,. Solid lines
represent those obtained by the first-principles calcula-
tion using WIEN97. The dots are from tight-binding
fits.

Table 4.2: The transfer and overlap integrales (Slater-Koster

paraments) for LiV,0,. The transfer integrales are in
unit of eV and overlap integrals are dimensionless.
They are obtained by fitting the energy bands on 72
k-paints in the irreducible wedge of the Brillouin zone.
Vanadium d orbitals (£, and ¢;) and oxygen p orbitals
were included in the basis sets and their diagonal
energies were determined by the fitting as E,,,=-0.
30eV, Er=0.79eV, E,=—4.61eV.

TYPG d(m V;;da ‘/I.Jdﬂ‘ Opda Opd1r
0-V st 1.98 —-1.97 0.92 0.042 —0.027
2nd 3.43 0.17 -0.14
3.62 0.14 -0.12
3rd 4.57 —-0.02 0.02
4.72 -0.01 0.02
Vopo Voor Oppo Oppr
0-0 1st 2.68 0.77 -0.19 -0.033 0.020
2.92 0.66 —-0.16 -0.028 0.017
3.15 0.56 —-0.14 —0.024 0.015
2nd 3.96 0.14 -0.05
4.29 0.12 ~0.05
Vade  Vidr Ouio Odgn
V-V st 2.91 —-0.57 0.12 —0.119 0.104
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T25°CL50°CTITo 7z, EBEER % Fig. 5.2 L Fig. 5.

Fig. 5.1

SEM photograph of BiPbO,(NO;) crystals
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Fig. 5.2 Extent of reaction in Nal solution adjusted pH to 1 by
BiPbO,(NO;) +I- — BiPbO,I+NO;- (3) using HNO,.
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Fig. 5.4 Ion exchange capacity of iodide ion in solution adjusted

pH to various values.
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Fig. 5.5° TG-DTA curves of solid produced in solution adjusted

pH to 1.
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Fig. 5.6 Extent of reaction in NaCl solution adjusted pH to 1 by

using HNQOs.
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Fig. 5.7 Extent of reaction in NaCl solution adjusted pH to 13
by using NaOH.
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Fig. 5.8 Jon exchange capacity for chloride ion in solution

adjusted pH to various values.

Bi-O-F RDLEM TH o1z, D E D, KIGEEE TIX
I {ABERIGTH o 1z,

DB T H L T 2 EREMEN D % O T ICP
SETTHIANTZY, EETEZRBOELULEBHREL T
Do Tz, WM & U Ci3MLEY), BixPb,_ OxF._x (solid
solution) & U CEAE LTEEL TSI RJEEMLH B,

Fig.5.10 i¥ pH6.5& 13 TORKEHRTH D, F LA LM
—DfERTH7:DT, =IO TRLTH B, 7 v
¥4 A4 > OPIHIRE I EREEZRF LI EE L T
Wi,

BiPbO, (NO;) ® 7 vt A A 3§ % A A 38
HE%ZpH OB L U THIE LA R % Fig. 5.11 17~
7o

Nay At Y OREEREFRWTA 4 VO HE
ER 21T > 72, 0.1mol ® (Nal+NaF)X & (NaCl+
NaF) i BiPbO,(NO,) 2/EH & & % £99.8% D
a4 4 >, 99.9% D\ A 4 > BRETE 2,

looq)l 1] T T 1 1 L 1 T T 1 L 1 1 T 1 T T T T
2 i ]
~ 80 [ ]
T | —6— 25T || |
% 60 @ 75¢C |..]
£ = 1
& 40
% ]
© 20 |
g #eeﬁ .
E 0 N $T$| Loy bk 11 | 1‘|5—

0 5 10 15 20 25

Reaction Time / h

Fig. 5.9 Extent of reaction in NaF solution adjusted pH to 1 by
using HNO,.
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Fig. 5.10 Extent of reaction of NaF solution adjusted pH to 6.5
and 13 by using NaOH.
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ed pH to various values.
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Fig. 5.12 Extent of reaction in simulated radioactive liquid

waste, iodide remaining vs. reaction time.
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Fig. 5.13 Relation between iodide remaining in solution and
mass of BiPbO,(NO,).
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Fig. 5.14 SEM photograph of BiO(NO;)-0.5 H,O crystals.
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Fig. 5.15 Iodide ion exchanged as a function of time.
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Fig. 5.16 Chloride Ion exchanged as a function of time.
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Fig. 5.17 Fluoride ion exchanged as a function of time.

BiO(NO,) «0.5H,0+X —
BiOX+0.5H,0+NO;~ (6)
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(6) RUC & o THRIDVHELIFE, 1 4 v RPFEOE
EE I3 A3, 38meq/g TH D, I DEZ I VA 4
DWW pH2~12TH & 72 EERES . 29meq/g, 1
¥4 F > iz DT pH1s 512TH & iz B {E3S. 30
meq/g L BW—EERLTW5B,

pHI3DBEHE R TORIGIE X VM TH o7 T4 4
v e DBEOKIGAERY 21X BiOl Dz Bi,Osl, &
Bi;O, I B8 H£FE LTz, 2D Z L5 5 pHISTIERADOKIG
HEAL D EREDbLIS,

4BiO(NO;) <0.5H,0+21"+20H" —
Bi,05I, +3H,0+4NO,~ (7)

5BiO(NO;) +0.5H,0+1-+40H" —
Bi;O,1+4.5H,0+5N0;~ (8)
(MR @A TORIGTIEA 4 v RIBFROHER

KAE133.38meq/g DFDLUTTH 5,
pH13T » Cl & © K 4 ¥ i Bi;0,Cl & Bi,O,
(CO;) & DIREMTH - 12, BIOCL FERK L %5 72,
Bi,O,Cl D&EEKIG RN ToREIN D, X, B0,
(COs) DERIINTT 44 VY OBERELET 5,

3BiO(NO,) <0.5H,0+Cl-+20H" —
Bi;0,Cl+2.5H,0+3NO;~  (9)

K27 v AEIA A& v ED DWW TERT %, pH2~12
DEWRTORISTIE, £EMIE BIOF THo7z, 1€
> T, Hiid (6) XD X=F TE#z-ATcEEhD,
{BL, pHI2TERAERMCHED Bi,0,(COs) BMREAL

T Wiz, pHI3OWEW R Tid A4 A VARSI Thb iz
oo A A VRBRIFSHEL T Bi,0s & Biz0, (COs)
DEEYNEL L Tz, 20 pH TEE RIS B
-O-F RECEFEELBWEERLTWS,pHITOKIG
LT BiIOF Tk T, Fh&b 7y RBILEL X
D% EARBERDILEN TH S, 2D, 2T
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FEZoND, ZOEWE f-HHE X HOREWT, i
B ko TcHNEL, XKATRENL LI BELEL
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X A AR CIRO 1B LW TATCH 208, 24
WOWTERMKADOEE TEE T 5, £V VTNV R—
F BB I NI WY,
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(NO,) LFEM DS 2 R DLAW T, DRI DWW
THAEMERDTH 5, BE I BRE NS
INTBA A CRBBEER R WD THEDEL LN
TV,

5.5 ZroHESBNERE

TN E TIRANT &R EBNE T, Thex
B2 25113, & 512% L ODWESLETH 5,
1-129% & L BRI 2175 T EBRETINT
Wb, MBS OB N E TORBRSM L IZRR
DFRD CTEVBILEFKTH D, Lo bREKkemARo
WAL ELFHENTWE, EAMLOEIEA 4 &
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HER A S R OMA KR 2T e 35 71—
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HHTHRL Touvn, FRIZEED S RBEEED
FETEBZOMBEISASY — ML, BEEROKY b
HREEEHEL 2 v REE BT EE R E S
BFEEL, SBIOSBOWROBER I T T
AL, FEEELINEENE bbb, L



A BT SR s

DH*FFFRIISHOWFET 2 TFETD 2, 7o HRERY
MBI T LR TR, 44 RO R,
Lo TRELEESTRELREORTE, S5, L0#
NieHi LA 4 oM OSSR £, BETHEREN
WEREIILTEL T8 Y, FRIEEDES, Hks
FRDE S N EOBRICE P> TN EFZFSFE
Thd,

B

1) NEREE ABSITAH  RBIE9-52715 (1997)

2) H.Kodama, Progreee in Ion Exchange: Advancess and
Applications, p-39 (Edited by A.Dyer, M.J.Hudson and
P.A.Williams, The Royal Society of Chemistry, Informa-
tion Services, 1997)

3) H.XKodama, in Proc. of the ICIE95 Conference, Takas-

4)

5)

6)

7)

9)

#118%

matu Japan, p-285 (1995)

H.Kodama and Nalan Kabay, to be published in Solid
State Ionics

H.Kodama, Czechoslovale. Physics, 49, Suppl S1, 971
(1999)

H.Kodama, in Advances in Ion Exchange for industry
and Research, p-191 (Edited by P.A. Williams and A.
Dyer, The Royal Society of Chemistry, Information
Services, 1999)

Nalan Kabay and Hiroshi Kodama, Solv. Extr. Ion
Exch., 18, 583 (2000)
Takayuki Amaya, Atsushi Mukunoki, Mamoru

Shibuya, and Hiroshi Kodama, to be published in the
Proce.of the24’'th International Symposium on the
Scientic Basis for Nuclear Waste Management, Sydney

Australia (2000)



REAEOHTR BT 505
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6. 1 Loz
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D, BEXRBOHAOEEEY S b b, EFCEVRILY
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5, iR B O FAEREFEIRIIT30~825°CH2TH Y,
B THREE TH 2 EBEENEE L TLES 120
W, ¥na=7(ZrQ,) OE& LA, oty
WINT 32 ik D, BEZEHEEERE TLENL
TB5IENELOMEHICL > THRAS N, ZOR
R, HTERCHOWMBERTH 5 LRI,
FEEAEEB I N iz Bb b8, A R
L OEIM &V, HAEEEDSELEHS SRR
HWanltoThh, EEHEB TR 2 L HAEEE
O MEE 12 BFERE L TL R, ZEER»T
EObOTHB I EHEAL, EDDIF, BILER
TAEBIEA Y N T A(Y0,) DR EE L DR
-1y I oo THEF & NIz, FHIEEE - 7o SEapREE
RS\l TH B HEE X - THEILE N
ELWESHRAER® % Fig. 6-112R 3. KX VS %
k3, § CRENZBIEE R < ADEREEHEEEE
ER SN SERCFEEL, RELIAWUETHL L
DBEDEN B,

—77, b E R < R L AN T Y7 A (V,05) DF
N B REEEY Bi,VOs O ERZ EHEEN T
L4 A4 R RT 2 LR RE & e ORSEET
OFERIC I NE, Bi,VO, s DERZEM X Bi,O,/8 &
VO;:/B L WREA T HIESTRRDBREIETH Y, VO,
BN OBEIMRBIZTFE L TWB EENI2,Bi,VOss
DORRL TIE, BEZE R 12 HIERE T R i K EA
NEBLTUED D, NFYYARTERHETED LW
Faow N RTFECERT 2 EEREEHENERE T
ZEESNS ZEBNHBEL, FhoRE/anik Bl
VOss5i& BIMEVOX ¥ 1) — X9 LI iEH, 500°CfHL ¢
BB A 4 B R RT DR, [RFREINT
W5,

Bi,VOss BBt A 4 v OREEETH S 2 Ll
&, Fig 6-212 R & N7z BEE D Bi, 05 & V0,0 5K 453%
SEHRRBER2O 0 &, 1) B R = R o3 U7 AR
FTH, BIIA A B8 E2FETL VRIS,

L7zh3o T, KL T Bi0s & V,0:D KA RICH
5N 2L DO ERET L - FEE, 1581V % V041
HOHB CEBERGEEOE W EXHHL0T, 2
DHEZDWT, BMOFBR29OEHELZ L Z 3,
Table6-1iZ R ¥ & 5 WZHHRK L T ERCEE L TFED
HDIEWHEH LIz, Ez, NFITARTFRY VE
TTEBRLIZEE D, ABOLEEMOEENRD b
723, ZDEE D Table6-1I I = ER DGR 3%
FEEHHI:bDTH b, Licd > T, XEETIE Bi,
0:;-V,0:% & Bi,0;-P,0; R i OWTRIEE LT3
FHORER & 555 HE & FE I R L7, & 5 ik
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Fig. 6-1: Phase relations in the system Bi,0;-Y,0;. [ ,II,1I, and
IV represent the lbw—temperature stable intermediate
phases with the composition of x=0.215-0.24, 0.315-0.
35, 0.475-0.49 and 0.57-0.58, respectively, in Bi;—xYxOy.s.
L=liquid, @ =a-Bi,0; (low-temperature stable form)

and §=4J-Bi,0; (high- temperature stable form).
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Table 6-1: Summary jof previous work for phase(s) around 12-22
mol% M,0s in the system Bi,0,-M,0; (M=P, V).

Sottee. Compositton (mol %) Formula

Laftice parametets (@ by ¢ (A). o, B, ¥ (N
b0, content

(27) 16.667 Bi,PO,, a=19.642, b=11.441, c=2L13L, f=112.37
(28) 16,667 B PO,y
(29) 14.706 TisPO,,,
(30,31 14.706 BiyyPO,,, a=20L108, b=11.415, c=22.737, §=127.06
(32) 15 Biy,P0y a=19,63d, b=11.426,¢=21.135, f=112.34
330 215 Bi,, P04
3%) 125 BEPO, a=19.649, =123, e =24.341, p=111.5¢
Soultee. V,0, cohtenl Formula Laltice parnsclers (a1, b, ¢ (A), o B, v )
@f) 125 Bi, VO,
(zz) 13228 B, V.0, a=19.720, h=11459, c=80.160, B=90.5
(20) 14.286 Bi,, V)0,
20 Bi,Y,0,;
(23} ns BI,VO,,
16.667 Bi,VO,,
2222 Bi, V.0, a=19.720, h= 1459, c=10.02, f=90.5
(24,2¢) 14.286 Bi,, %0y, a family of ric res from Hia to R
2 BL,V,0 [
22222 Bi,V,0y
(26) 14.386 81,,¥,0,,

NFCOAEY) VO_HBORTHTREREREST 2L
HEEREL S b RHLL,

6. 2 SRERAk

BRI U 7- 331399 . 9% MIE D Bi, 05k V,0:8 &1
D NH,H,PO, TH 3 oL Bi,.xMyxO15.x (2 2T,
MV EkiEPTHs) s s St HRAEETE
T 508, MEEHEER x £0.1~0.25% Ulz, SR L 7 3038
2RA U OASBFTHMEEL, HENVY RICREL,
BRUF T T850°CTH0RFE, FIMHEG S ¥z, RIGE,
VY REBRUFL ST HUERARMW Lz, EHY
AP THEEL, CuKg ABHRIC L AKX
HREHT (RIGAKU, RINT2000) TH4T U720 B K IG 2
A b T BT, [ERRERIGSEET 2~ 3 EO
BANIERHED KU T2,

M»V 0BG L P OHZETRONENTHOHB

ERYIREORENS, T75b5 Bi,y(V,P) 015y, 2
T B0, V/(V+P)230.25, 0.5, 0.75L 7% X
IR -RA Uk % BRE L AROFIET830°CT
SOMERE, & 512840°CTOORFRAMENL 72,

HE LR OB AT L D HER L 72, EX
TADERIFEDTA WL B2 F v — MEEICLD, V)V
DERIFEVTFY « TN kBB T, NFY
7 A DERITEBRILKE & O RISCE T W HFBRE
HBTiTo7,

HHERY ORGSR LB O FERERE T 57
Wiz, BEEOBRZUTOFIHTIT >z BRAER
MERELY RCREL CERIFPCHEL, T
100°CT1000°C £ CRIE L, 2 BRRIRRE Lictk, FiF 4°C
DHEETL00°CE THHIL, 2Dk, FhTHRBKGL
2o B S NI:BIERO2hd s, RLHEMSET Y
— R HE A R EIR L, Tl B O (519 35 8 (Enraf-
Nonius CAD4) IZBuUffir 7z, BonizERr o, R/
TIRIEIC X AR EALE CRE LT ERERD I,

TEAEE R AT 2 HIV T, BEROBETREYT
F— v LA % OFS SR E B & & BB E T MR
(JEOL, JEM-2000EX) TH#iZZ « 8%k L 7=,

HRERYOBEIT A ¥ 2 7 A—%—(Micromer-
itics, Accupyc 1330) THIE U7z U7z 3k 0 & i
#20g THo Tz,

BRICEEIIEERE Yy M 2D » TEHR TPk
ko THE LTz, BEREDO Y 4 XIFEZEI4mm T,
EE5H3mm THY, ZOMEICIRR—R 28
LTEMmE Uiz,

B A 4 > DR IFHEE <V y D 2N L TBRERE
WEMEREEL, ZOBEBENR2HETS I LtL>T
RSN, vy bOY A X FEZEHI8mm T, E
B Amm TH B, 7/ — F-FRELTIRERE,
AV =K e FRELTRMERREY A ®HWT,

BREEN IR Z O ERE (RIGAKU, TG-8120) 1
X OME LT, BREARIZESTHD, EERBPIT ¢
TN S F AL WERERH T, FRREED
745y 5 CEA L 720

6. 3 #ERCHE

B2 Bl MOy s i2HE o THEL x 2Z{L ST
{ZEIZEY, MRV EPOHEHE HIZ x=0.14815
(14.815FE V% M,0s), T b BipsM,04s DEFEI
H—HE 5 iz, 14,815 V% M,Os DR » & 44
L, HIOMHEDREME s I EMBEI N, B
6-31Z BiysV,040s DIIR XAREIPT 88 — > B IRT 28,
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Fig. 6-3: The room-temperature X-ray powder diffraction pat-

terns of Biy V40445 using Cu Ka radiation.

BiysPyOuus CHRI— DRI/ — 0 BFHNE T Enb,
TtEmEAETh b EHEZ N5,

EEOE—MIZDWT, ZDILESHTRRIZ, BiysV,
Oas Tl Bi05%385.17+0.01€ V%, V,0:5314.83+
0.04E V% T, BispPiO.usTlid Bi,0:4585.18+0.05%
V%, P,0s0814.824+0.01E VB TH o Tz0 & DFEERD
5, HEBEEKIIZO: $ERPHERER> TS
ZEDEY, EMHRIEFROHROLEENZERTE 51
NS WwEWZ B,

B O X AREHTRE R BiwP Ous DT, =)
FR OXFRME T, B0 TFELRIX a=11.36A, b=
11.364&, ¢=20.454, ¢="77.5", $=86.2°, y=119.5
T & o726 BigaViOuus D EFESR TRBGHDOFED 2,
BB TH oz, LIcdIo T, VY OBEEE
sl ERROBRICEITWT, BEREFEROET
21Ty, FORR % Table6-2107R$, Fig. 6-31 &0,
Az 3T —HHUE Table6-20ME2 5K D 5z,

EW OB BigyViO4as TIE8.303(1) g cm™?, Biy,
Py04esTi38.507(1) gcm ¥ TH %, 2 6 DEEDHE
L 6-20 BANATE Lo o ZRROBAICE Eh
ZREBE(Z) KD B Z EWARETH B, % DIER, Z=
2 (BizsM,Ou45) £ 75 55

Fig. 6-3izR & Nz [EH/ 88 — i3, ZRIEER OB T
(a, b, ¢) B OAL ST (27 =5.5A) REMEF & &
LIBEF R L TWAE I E2RR LTS, BT
WHSRT 3 EREHEO S 5 —f5e Rl L, 5t
JET 2 ERNERO 7 —1BECE hkl TR, Tho
MO &, HAEORKGMBERERD S ENT
X5, % ORER RO ST o ZRER O
FAOEEITHIOW TET &, (3/2, 3/2, 0)/(-3/2,
0, -3/2)/ (-5/2, 5/2, 1) &% %, Zh s OHIBEFR%:

Table 6-2: Lattice Parameters of Bi,sM Q.5 (M=P, V).

Bi23V4044.5 Biz3P4044.5

a (A) 11.545 11.366
b (&) 11.547 11.369
c (A) 20.665 20.453
a(®) 76.27 77.535
B8 87.51 86.214
Y (") 119.82 119.565
V (A3) 2278.8 2198.06

B6-41257 T, 2 2T, a=b= (3/2/2) 2’8 51z ¢ = (3v/6/
a’kitd,

L&, BEITHIOTHROEEFETNIEIZ.5E
2, ZOEERZREYRE T O BAFT AR BRI T O &
BOIBHETHZ L RERLTW S, fiuf, BHEL
S RERRTF OBARC I A OB A A v isg&Eh b
DT, ZRWERIET O HALIARTRIC 134x13.5=54{F D
BA AV EET B LR 5, ZDFERIE Z= 2 (Bisx
MOus) & =BT 5 Z L2k D, HIROB T EHDFZY
HERLTWE, Fiz, BEFIIEBA 4 OBFEY
DIHIETCbD EEwma NS,

Fig. 6-51Z Bi V404 s DREBDW OFERZ R T,
HI950°CT—BBRI L, HWERIBEIh b o1,
Biy:P,0,, s DHE b RO BEB 2 2 L, FRE T3
BET 5,

BIYEE, BisVi axPuxOus (x=0.25, 0.5, 0.75) i
BHCHK BN, T OMRXRE vy — 13B6-3 &
HRRTHY, BELBRFERZHEK x KL T7ay
b9 %k Fig. 6-6IIRT L3 B8R T 5, Thbb,
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Fig. 6-4: Schematic representation of the unit-cell axis relations
between the triclinic cell (a, b, ¢) and the pseudo-fcc
subcell (a,, a,; as). Cations might occur at about all

pseudo-cubic corners and face centers.
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Fig. 6-5: DTA curve in the heating and cooling cycle for Bi,sV,
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Fig. 6-6: Variation of lattice parameters (a, b and ¢} and cell

volumes of BiysV,_sxPixOuss with composition x.

2 TWh,

Fig. 6-713 BipsPiO4ss THE 5 h 72 (010) T _E 1R &
NI AEREERTH D, BOEIVHA A+ >~ OAET
b5, AR EHTROFERIOFEERE=RERTH 5,
BL, Z=#EEE P1(No.2) Th 3 LRET 5, @54 D
Bt 4y BADEAAFEFE 8HEHOY VET) i
F T3, SE D HEIFEL LT S F DR & 72 i O DAL
BRFET 2 JCEIO THREEZ R L, T4
bbH, TNTORFIIEMS 2/ OMECE VS TSR
720 fEHRIE Table6-3iciF o hiz L i, EAT A
FIX234HD 27 (0, U VIRTFIE 4 MO 27 fE, BER
TAI5HHD 2 fIB% (59 2 BICERFE T LTI,

(O a2 A ST I BR RBE O M AR F I8
BLTw3, @V Y EFIFIENAEAR I REOE Y
BMOBBRFIHENLTWL L]V ZODRELE
2, T O R B S o7z, Fig. 6-7TOBREBER T 5 1z
DI, BA A v DA% (010) HC &R L 5E % Fig. 6
-8(a) iz, ¥y MRTRRLUIGEEK6-8(b) IR

Bry

Hidg iy
' é-\zgiéi tii:

High-resolution transmission electron microscope
image of Bi;sPO,5 in the [010] orientation. Insets:
the unit cell outline (a,=asiny =9.894, ¢, 9 =csine =
19.97 &, Bp=180"-8*="78.28", and symbols are as in Fig.
6-8(a) and the corre-sponding electron diffraction
(B*=101.72°).
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Table 6-3: Proposed atomic coordinates for BizsPiOuus.

X

-

Atomn y “

Bi(1) 0.194 0.722 0.083
Bi(2) 0.274 0.836 0.259
Bi(3) 0.306 0.944 0.417
Bi(4) 0.250 0.500 0.250
Bi(5) 0.028 0.722 0.583
Bi(6) 0.107 0.836 0.759
Bi(7) 0.385 0.725 0.592
Bi(8) 0.441 0.836 0.759
Bi(9) 0.496 0.947 0.926
Bi(10) 0.194 0.056 0.083
Bi(11) 0.226 0.164 0.241
Bi(12) - 0.028 0.389 0.583
Bi(13) 0.306 0.278 0.417
Bi(14) 0.083 0.500 0.750
Bi(15) 0.361 0.389 0.583
Bi(16) 0.139 0.61L 0917
Bi(17) 0.417 0.500 0.750
Bi(18) 0.472 0.611 0.917
Bi(19) 0.059 0.164 0.741
Bi(20) 0.337 0.033 0.574
Bi(21) 0.139 0.278 0917
Bi(22) 0.393 0.164 0.741
Bi(23) 0.448 0.275 0.908
P(1) 0.194 0.389 0.083
P(2) 0.306 0.611 0.417
P(3) 0.139 0.944 0.917
P(4) 0.028 0.056 0.583
o) 0.097 0.861 0.042
0(2) 0.153 0.972 0.208
o3) 0.292 0.917 0.125
o) 0.431 0.861 0.042
0(3) 0.486 0.972 0.208
O(6) 0.097 0.528 0.042
o) 0.042 0.083 0.875
0(8) 0.166 0.999 0.834
09) 0.203 0.073 0.944
0(10) 0.375 0.083 0.875
o(1l) 0.014 0.694 0.292
0o(12) 0.153 0.639 0.208
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Fig. 6-8: All cations of Biy;POus projected parallel to [010] .
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Fig. 8.1 Schematic structure of silicate/alkylammonium nano-
sheet hybrid.

(a)silicate/alkylammonium nanosheet hybrid.
(b)silicate/alkylammonium part of silicate/alkylam-
monium nanosheet hybrid.

(c)alklammonium side chain of silicate/alkylam-
monium part.

(d) polymerized aminosilane part of silicate/alkylam-

monium nanosheet hybrid.
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Fig. 8.3 X-ray powder diffraction pattern of silicate/alkylam-

monium nanosheet hybrid.
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