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iz, Na:B:O: 2¥nbhTnd. HELVY REFNn
T Na:BiO: Iz X% SnO: DB OB &8k
Lick 25, ARLCBERKETRECSRTH -
7z. CwO 1z X % SnO: HiEEBROEE b AR
ERIIMBRAETH -0, EEOKEEIR T TIT,
Marley & MacAvoy? iZ L - THE S TW5 &
512, VYRMEB»OEHLAEr YT AEkiTA
EPRALEIZDTHS. KiZ, Cu0 & Na:B.Or
DRET T v 7 2T X - T Sn0: DHEEREBERZ
ROl BE7T v 7 2R L VIKETHERT 52
DT, 4R T F o ORAHERIZ 2 W TR
BE 1230°C, WHIEE IR 4°C o&fkthadsn
VAR E O TEERBRET R -7z, HISIZRT
SnO: oEFEFIZ, SnO: # 10mol%, Cu:0 7

60mol%, Na:B.0: 7% 30mol% D& IE ST

bOTHDHN, —HORMMmEFRICL-TED,

FIWRTZTv I ADRBALTWEZ ERED LR
Na,B,0;

SnO; 50 Cu,0
MOL%
14 Cu:0 O, F721% Cu:0-NasBiO &7 T v 7

I X - THET L 72 SnOs B 5L oo A pRAEIE.

i . ol g & 4

15 SnO: %% 10mol%, Cu20 73 60mol%, Na:BsO7 23
30mol% DAL & FK L7z SnO: Bk i ME. HEk
Vi lmm ThB.

%



b2 X BT 5

5. CuO & NaB.O: DIBE 7 7 v 7 2ADEE
L, HEALYRIELILLLTL £ 5 ty,
SnO: OEMEXELARD DI LETERP-
7z.

2.4.3 EE

SnO: BEREBEROIDD 75 v 7 2L LT,
CwO PEZTH S Z ENBRERS e ss, 8k
PHEHILRTWET T v 7 2 TH5NaBO &
AEBz ik, Cu0 BHMOBA I VKET
BT 5720, AREHTEEEHATLS. L
Lidi s, CuO ORRICERENAVWERE R
H3 2 LS TER D ol dic, SnO: DM
PR TERDP - 2, #iE T 1250°C T 20mol%
UEThsLELASB.

EREHHRE X B Sn0s BT, Cu0
DEEE F BRGEEECRETE ol
BRZh Ude s o 708, FER ISR e SnO: D BEREE
PER T E NI RERFEFEFERETE DI LM
5, HEf e SnO: OHEFERFRSTRRERA D,

B 2 ¥ B

1) G. Wunder, J. Prakt. Chem., 2 206 (1870).

2) J. A. Marley and T.C. MacAvoy, “Investigation
of the Mechanism of Single Crystal Growth in
High Temperature Systems”, Technical Report
AFCRL-62-771 (1962).

3) E. A. D. White, J. Mat. Sci,, 1, 199 (1966).

4) Y. Fujiki and Y. Suzuki, Jour. Japan. Assoc.
Min. Pet. Econ. Geol., 68, 277 (1973).

5) H.F. Kunkle and E. E. Kohnke, J. Appl. Phys,,
36, 1489 (1965).

6) S. Shimada, K. Kodaira, and T. Matsushita, Z.
anorg. allg, Chem., 469, 128 (1980).

7) R.S.Zucker, J. Electrochem. Soc.,112, 417(1965) .

2.5 759 ARIGEIC L 5Sn0 45K D
e

2.5.1 [FL®IC

FEAE L, ZEMWEEE® SnO, 2 AFET 5
TR THBEHEIRTE, WEO Sn0: &, B
SRS, WAk v — R A R i it
T HEEE, B, kS 0BE LI
S, LaLard, ZofFR, ko s
FHEICET 2ER, B LA PSECEWIRIET
b5,

SnO: 13 1020~1200K" 3 5 1131290 —~1420K>
OREHEC, L LTRORE

SnO: (5) ~SnO (g) + 502 (g) (1)
T, Ei—Hix

Sn0:(s) —»éSnOz (g) + %—Oz @ @

DT, B8ibTdrvbhnb. ZOoRERBRIC

BLT, #700°C LT oEE T Sn0. ¥R
BT B2FMERET R o7, Al LT, —i%
IR EREhTWS, ALY, 7 v 1L
Wy, RO, T4 wlE, SFUTLAERE, #
VAT VERE, B 7T VMBS, b5V,
IhbD 28U EobE DR EIT DWW T
SnO. DEMIEE L & o, TOFR, wTFho
BhAIL, Z— OEEETIE, Sn0: OFK L LR
WU THD, bFhichy 7 ofbh v KBF) 72
W 5n0: 2R SICEMNMET S Z L AHbM I
AN e

¢, KBF: Byl v b, AMAlRE % X VK
{+BEMT, KBF~KF ZoR& & A T
SnO. HHERIASRL, BURY O KEENED b A Xk
B EE, Z hEBK, B O ERBECXY,
SnO: k& L TR T 2 5 & il e,

2.5.2 EBLIUEERE

SnOs B BIREGD), KBF. b
CIcKF R 338 GrEbE (BR), HNOs i3t
SEHERE CFRYESR (BR)) &AL,

KBF: 0@z OEPHRE ST 12
2%, B KBE: o icidbic Eh s h, B
BELDERLTCELEMED L O 570°CP T,
ZoEET KF & BF: LI 57, ol
B KBF: & KF & D 3takERL ik KBF 23758 1%
«, FELEE 460°C TH YD, KERT B
FRWEEOZ N 470°C Th -7z

2KF + (1 — x)KBF: 2R ET 5 Sn0:
BiZ, BANED TSRO Thbb, WY RE
JC— B R - 72 aKF + (1 — ) KBF. 0%
mhikiz, B o SnO: ks amx, i ¥ Bl #
L, JEE® SnO. 23y RERCEETDI I L
BEHLENDET, ZoBERZPEL, Zolk
M LLT, SnO: MHFIcELEE R L, @ivk
OWHEH - T, BEL L 72EME 2 ERAKER TR
HL, SnO. R 5, SnO: OERISMER %R
Wiz, KBF: 2 &TRMENE, He Y BP9BEmEIC



SRR RS E 355

BHEOE S LEEZIINT 52 LB 50 THS
WRAOHEAZEFE LAY, —F, &RTOR
SO EENBTES L TB YW, REOHHY
BRBABNOT, AETRery K & EHAL
SolT, £y ORI, BRI KR
2 7 ) — 7T B L EPIETES R AN B

o BE

Mo, FIsicRT X 5, 500°,600°,
700°C o WFholEEcd, £=0.52% ) KBF,
£ KF L&z L oRaWO%E, Sn0: 235 b
% BRT 5 Z LA L. Zh b ORIEHEE
L LT, -5 KBF ALY

. 8700°C
L 0600
s 5500
%130
| -

IL
L;//ﬁ\m
1
iI,
|
|

i i L L i —
0.3 0.4 0.5 0.6 0.7
X

16 KF o492 v & SnO: ot & 0GR

6 KBF.— 6 KF + 6 BF; (3)
Z 04k BFs 2%, Lok ofa* kL FERIC,
SnOs L FUGL T 7 vk & BeOs & & AERRT % &
e
3Sn0:+ 4 BF3;— 3 SnF.+ 2 B20Os {4)
LY, B20s 12K D BF; & Lo
2 B:0s+ 2 BF:— 2 (BOF); (5)

AlQOs+ 2 BF3— 2 AlF3+B:0;
Lh, SIOL BRI

3Si0:+ 4 BF3— 3 SiFs+ 2 B:0s
£y, TiO® 4RIk

3 TiQ2-+ 4 BF3— 3 TiFs+ 2 B20s
L7 %, LaOs & KBRs—KClEEREL L -84 1o
1, La:0s 1% KBFy 04 EIZ & » THRLT % BF:s &

Fs L
La:0s+ 2 BFs— 2 LaF:+B:0s
LA, WIONOERITS, AR BOs 3 RUED

BF: LEISL, EMEO PV 7t ueReFi v
(BOF)s &L 5.

AR+ A, 2L, &R SnF. i3 KF 2 REL
TIS)
3S8nF.:+ 6 KF— 3 K:SnFs (6)
LB LOEHESND. o TR
3SnF:+ 6 KBF:— 3 K:SnFs
+ 2 (BOF): (7}
THRHT LN TE L.

L5 SnO: ORBESROFERIZEE, SnO.,
KBF,, KF o RE& & #1675°C TLoRHHERIL,
BROBEE L E - T, KITHER 5B %
ﬁﬁ?ok.

¥ 24g DELY R RAICERL, TEER T
(PH :4.0%) X Ui, Z OmRMER/KERICTE
BEH D VIEERE LR ERL, HohizHElk
PR CHERBH L0, WlREFAK ZEL,
1100°CT{REE L7z, Z ORESIT SnO: TH B Z
EAFEESN. T b DABOERO—H &5
5WmRLie.

B Lo BE A2 S N R oEic X Y
572 Sn0: DIIIIEIT X B P TR, BR,
RO XIAKIZ X B Sn0: o> Cu BiEHED
FRFIE LY L E VLSS, MEICE L WEERR
Wbkt EBEIC LD Sn0: iz,

vy

TR ——

CRC

T
5

|
T
o
ERV TN
O e e e ——————
Q
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b 2 X B B 5

'Z& 5 {LI&MEJC%‘?I‘[H
wo R
N B A HYLHRE (°C) Sn0z
I SnO: EHY = - ZR (9% )+
EEy . ® @ O | 105 600 1100
A—2 24.052 | 5.683 | 50~70 S { 120 | 4.968 ! 4.238 1 3.998 | 70.35
A—3 24.012 | 5.673 | 60~70 | X 4 | 120 | 5260 4747 | 4.478 | 78.94
0:—5 24.187  5.014 | T0~100 fE # | 15 | 5.564 | 5.020 | 449 | .55
O:—6 | 23.905 | 4905 | B0~100 W ¥ | 13 | 4720 | 4310 { 4180 | 86.54

* ’n}! (e ) SnO A3 100 00”3{‘J~

w=ow Off R L UTHE
BURP IR T D e dB T L
m,alwg&ﬁwmﬁénm

L% L LT
Al Siasw

WS PRERIC R Loz 2 7 A MRS 2 5 0B A
DEZLNDD, WOTBEONEMNERE T %

MEEL TR,

BRR BRI, Ay 7 Ay T 2ROk
B e R U72356121% KoSnFs ¥ Sn @ Si & EH#
Lf@/jﬂ_ KaSiFs 23 &b, 77w

BEDFRANPEE L. A, KEBRCHER
L f:(ﬂu:&kfﬁg@ﬁﬁﬂ}% AT AR LTz,
AR I X B BOSE

KoSnFs+ 3KF 4+ 2 HNOs+ (n + 3)H.O—

H:Sn0;5+.nH0+ 2 KNOs

+ 3 (KF- 2 HF) (8)
THY, Bk, FEECIDY

H.SnO0s5-nH0—8n0:+ (n + 1 )YH.0,” (9)
LD, SnO:. NELND EHEE LR,

2 E X @
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3.1 Sn0-GeO, %

311 FLE®IC

NF LI OFE R L ko Bk 2 X
GnO0q2) ~oEECE L Tk, SnO:-Ti0: FKizo
WTOZEY B L mbhTnad. 2 OFROR
TEREI 1 icsm+ X 9, 1430°C LIRT 43E
VEL, F X D IREIIC R SRR & b o szl
B A/ — e S L TRY, sSLHHRR
BLTWARWEETHY 2 E, Z0OXHRX
) — AT A UCHEERS Lo, JETE
FOZER T iabhTnwa, E7z,5n0:-GeO: 2
DFIEMF I B4 5 WFgE 13 Fournier & Kohlmuller®
CroThah, #ORBZORIIK 2IZRT X

1500 ——r——r

1400 |

1300

il (C)

1200 -

1100 +

1000

Snogni Zlo 4‘0 : 60 80 . Ti0,
Mol 75
1 SnO:—TiO:FZIERD. TiOsss }F TiO: 12 SnO:
ZEE L B A, SnOsss i3 SnOq 1z TiO: %P
L7 [EE R, (Ti, Sn)Osxs 1% TiO2 & SnO: & &
HOWIZOEHEBERTH Y, Wb T A Bl

Liguid =1220
1200 | -
) [1125 (Ge,Sn) Oagy
1000 : - : -
2
e, ) 60 8 sno,
Mol %

2 Sn02:-GeO: FZIRHEXRD. (Ge, Sn) Osss 1T GeOs &
& Sn0: & D HWIED NF NTIEIRE R AR, YRR
BRI —-ELTBY, X 5 REFOIMHERND
Sn0: OFLAIT 1220°C LEiw 5.

SICEREIET D oI BF, JEEE & B
—ELTHEY, WSO SnO: fl~04k 1 5
SnO: OFEAIF1220°C L R SN TS, LaL
NG, Sntt b Gett oA F L BERIEFNRFR
0.690A r 0.530A% ThY, FHFOEZEH O
Sn0:-GeO: FRMEWEE 271 L 13 E 28w
T, Ge0:-TiO» T L MERIIBE S h
TwWipw, &5, RIS SnO: O SITK
TEBEH)THB, R¥EE S Barczak & Inslay®
2 X o THE S TWD SnO: ol £131630°C T
HoH. TN LEEEOREERAET S L, Fournier
& Kohlmuller® iz X % SnO:-GeOq % D AEIEHT
AR i - F Vil AN

312 =B

EH U7zak3i3 Sn0: M= & 1
W, GeO: ZHABTLEEMREERTHY,
EEvwint99.9% tH 5. AL SN _«GexO;
(X130. 02722 50.40) £ 725 L 5 CFE L5
(ERIZ7 £7212108) &, =FArTra—n L
iz 2 7 vESEP T ERREA L. HRK
Bk, BEWMEas&ry RpicEfLyya=y
NESPIPICHIE L. 1000°C T 20Ws M E L
ek, A TEESPTHHIERRES L, BRE
HT 1250°C T 7 BRNEA L7z, e T, B
BEBEFELOHMPERV B LER ~&2B L
7o, TOEHI UTEBRESNIEA DB o—38
i, 1000°C <7 BRIENE L /2.

FeF B OWET >V o U & P EpEEI
W, BSRXEREPTI X » TiTR -7z, GeO: o
FElEIX1116°C TH B, 1250°C oBULEIC &
D—H D GeOx TEFEL T L EV, B oMk
BEBEAS Lo E L3 E > T BDT, &k
XS OWPEIC X » T GeO: OERE 2 HRK # P L
7o, BB OB AR TIREEREMETEIE X -
THEE L. £72, FEENN X - TIEBEOH
RO & BET L 72,

3.1.3 #EREBE

Sni_xGex0: F D GeO: DILFEIT L DA DTE
L&, VFARBEORTFEROMEEFHE LITRT.



Wb KB B gE

#F1 Sn0: & GeO: OEFHSINT, GeO: DILFEIZ
X BRI R & R U 7o v F LRI R 0%

GeO: Frik (mol%) s (A)

RS ABEE B a c
$G9802 2 1.4 4.7315  3.1811
$G9505 5 3.0 4.7262  3.1751
SGH010 10 7.3 4.7211 3.1723
SG8515 15 13.0 4.7208  3.1714
SG8020 20 16.0 4.7211  3.1713
SG7525 25 22.0
SG7030 30 26.1 4.7212  3.1714
SG6535 35 30.5
3.19
C A
3.18
“3.17
o)
O
lb 20 3‘0
GeQ, Mol /o

3 Sn0:-GeO: ;;' SnO: # JAfig -
D GeO: FEUC X BT L.
RRL D 2B %fmﬂ@%kﬁfwy\bk
L O 3 'G((b Y, Z oM 5, Ge02131250°C
TH 4mol% & T SnO. ~HEET 5 = & /Jnm&) 5
1, Fournier & Kohlmuller® 2334 L T %54
WEETBE SR - 72 4& b D BRI &
WL TH DN RO MER LT IORT X 5 I,
GeO: & boZ &, A Bu\” GeO: 345
/\’{LL“\b#V\\—&(ﬁ’fgl’i&'ﬂLék f; CHLH T
.
GeOulTiZ = o DL HFR» B TH Y, 1049°C
D) bh;_(\,l,-g\d) 1116°C £ TDH W2 THRE «L[n‘:i{un4H
, ARHBRIEEL TR Y, FARBORREE
T&; 57, 1049°C LUFCc¥ziE &2 IRIEMHE 13, TF
RARBRICBLTEY, »FAROEETCHS, LVF
NI OREE 2 b - T b SnO: IS 5 0
TEFED GeO: TH A H L H T LT MRPIH &
B LaLlars, HlREATWS GeOs 11
EHTH B0, Sn0: vFafl) L GeQ: CAH
FER)  oEFEEEIERICE L, 1250°C o ER

5% R

TH 7 HEOBMEREST 2 Lz X - TS

74 %. L»5iz, Fournier & Kohlmuller® iz
L 5sEHARE, #91GPa oFEH T MERE L

72 m{x\"\/f\@f\ L N E 1300°C ChnEitg, A
1100°C TISAMINET 5 L WHFIHTH 5. 1
53 1300°C T Bk 25 L T kg,
1100°C T o ks [ v AR RO LTt 420
HE»TES., L2, Fournier & Kohl
muller® & X - CAR S B 23— b O

E D pdFRICE b L,

GeO: B EnBHTH 7 2L LBV T
DL EFELMENTW B B, Sn0-GeO: FHo
BRL L GeO: &R 4mol% P okt
1250°C 2 LAWK L Y GeO: (FERicix SnOo b
FRTH) T RTy I 2L TLEY, B3EX
FREHFRIC R 5N 5 8% — 2% Sn0: &84 &
BNFNEEOLDTH B, BT, GeO: 0S5
Jm@wﬁﬂ?i W5 A4 kB IEOE -

JERBOLIELEEEE RS, M4 liz—HE L
<, ML, BEe bfcn:ﬂﬁkﬂ) Geo.359n0.6:02 DI
ﬁkowf,%%btﬁﬂ&IWWCTﬁm%b

Tl o IV E R ORI XORIEITE & 5%, BT
H@amsEirsobochy, B#EHD L,

Sn0. &R & 5 v F VT B R O H—F 0 X
I ENSE. L LA E, B—atE +1000°C
THE L 2B o BT EObIE, T A BIE AR O
ENCARTERICET D GeO: DFFEARL T

10 (aygp

| !

- J 3 g

| gw\.ﬂ:;p A I G Hq\x_
e M_’) ton) 0 el

20 25 30 35 ) &5 50 ) )
Twe Theta {degree)

B4 EAHED Geos:sSnoe.sO: Ok X
1250°C ¢ 7 HIEhsh i, s~ L
P 3T LRITE I S-S0 T 4h
7. (ORTRE O £esitE & 1000°C © 7 H
Wh BB U ERTRE T N T 4»;JT'3 Sy

IZHD TR E 213 7.




ISR SERTIR e 5 55355

5. E#rXa &b aElEL T, AFARIEREKD
[EHT & — 7 13 FERE & BT 4 (20) BT 28 @i 38
Db, Thbbh, 1250°C 25 0aBic &
5T, BIAEREED GeO 13 H 7 2fLLTLE S &
W, XHEEFHTIZHS LA, 1000°C o pEk
o> TH T ADREREPEI Y, NHFERICE
T2% GeO: NHE T LB O LS. E2nER
Brp o7 7 2ok, S IiRshicEs
T TREMEEIC X 5EE» bERIRTH 5 2 & 234
B L72. ZofE8E2~ 5, SnO.-GeOs Ri% 1250°C
GeO: 7% 4 —40mol% DHElE T, A F L BIEERE
L GeO: B DD POk -> TWna Z &8
B2 L o7, FRRAYICERIRST L 7o s
1% GeO: 7340mol% £ TTH o7, T @{Eu_t
OYREET b R A A 2 TH S
LiE m@wﬂffﬁ%J@ﬁﬁfﬁmkio
72 ENEICfE - T 95mol% o GeO: % grteikkl 24
Rlizdoa, FHURL 5K 1250°C T/lx%/\x
TUEEAR & GeOe ICE IR O 02 E &8 & hu
7-. FAEHID GeO: 7 SnO: #[EET % FIREME
i, BSOS L Gett & Sntt O A A v
BEROMELZEE TS L, IEICHPRWEED
5. Znkoic, GeO: WEL N T ADFEHEE
WE T 5 L, Sn0:-GeO: R A#T | Fournier
L Kohlmuller® P:Ct S>THEESNTZ L O icLik
EEOZRTHD L, o TRmS NIz T & 038R
SHLs.

BB OREBST OFERIE, GeO: & 4~
40mol% & e fEE TlX, 4345 10°C oFIEIRET
#11100°C I B e — 7 &R L7z, SnO: ZRHFH L
+ 5 v F A BIEER T S OBERHEREIE S

5 B4 Tﬂﬁkf)\ Geo 305[10 6502 0),{?}3\3!{ 7&1250 e

fEhEh s, SR~ AE L wtElho RS T EEM
$EEE. HROBEVRS GeO: CEDHTTATH
ok

N oz L b, #1100°C THEEgEsShZY
— 7 1% GeO: DFh S (1116°C) It is T 2 L T Hh
5. Thbb, 852X > TH T 2 L7zGeO:x
FLEE TR L, & 1100°C TEM4 20T
& %. Fournier + Kohlmuler® 73R3E8MT G
£ U ToRMAR (& 7 i3 EAERR) 1, ERECo GeO: @
BRRTHD LHEsnD. LA LS
FEA L, SnO: DFEEY 22 5 NT GeO: DR E L
RSO F—2 b, SnO:-GeO: R DHEESH
LSRRI 6 IR LIc X 91222 TH A 5

1800 T T T T

1600 R

(c)

1400 h.GeO, + L.-~

o ,'/ SnO, (ss) +L ':'
= // 1
- ’ 1
§ 1200/ Sn0; (ss)1
£ 16/ ~1100 Ea
B 1049 h-GeO, +Sn0, (ss) )
1000{- L
t-GeO, +Sn0, (ss) i

800 1 i 1 |

GeO, 20 40 60 80 o,

Mol %

6 GeO:-SnO:2 FZDOHEE S LA HKAEEI. SnO: (ss) 1%
Sn0: ZEAMEE &+ 5 EHIAER, t-GeO: 1% GeO:
DOIRIRFR (GEJ5 f L%), h-GeO: [T GeO: D EIEAH

ANER), LIXEHETH 5.
iz, AR L L TROZEDHIT B
. (1) Sn0:-GeOq ;1% 0L_&Zt, CETE L_i%E{%%%

Shi- k) R RHESA R P72 (2)
GeO: 1 1250°C T#J 4 mol% F T SnOc HE L,
NFNVRIERE L 72 5. (3) F Ao SnO, &

AR D GeO: #EFGES® S 72dicix, GeOs
DR EOKRREPMLETH S
2 E X #®
1) N. N. Padurow, Naturwissenschaften, 43, 395

(1956)

2) M. Park, T. E. Mitchell, and A. H. Heuer, J.
Am. Ceram. Soc., 58, 43 (1975).

3) J. Fournier and R. Kohlmuller, Bull. Soc.
Chim. Fr., No. 12, 4283 (1970).

4) R. D. Shannon, Acta Crystallogr., A32, 751
(1976).

5) J. F. Sarver, Am. J. Sci., 259, 709 (1961).

6) V. ]J. Barczak and R. H. Insley, J. Am. Ceram.
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Soc., 45, 144 (1962).
7) J. F. Sarver and F. A. Hummel], J. Am. Ceram.
Soc., 43, 336 (1960).

3.2 SnO0r7 L FEE{LInR

321 FL®lc

Sh k41 SnOs BEREF K O IRAE OB KUY
BEAWIMESEHFMF E LTHY 6, ZoFE
PO OENEHBE S L TWSI™, L L&
NBe, BEEESDRW DB TEROELID
ez b, ShOASEERLE I FKFET B Tc it b
FEASREAREC 20 D v B oM X Y Mk
LHTERCES 2EESERIBE L T W
v,

AR TR TER AR ECNEL, »oBE—

B REEEBAI T LN TE L.

3.22 ERFERUER

Sbo0s DFEFHITAKRIET TiEARSIT, &
SR 7 o TEBEET TARENTNEY. s
TREFEF TSSO BREEMREELBND.
IR D “She0s" % Z2AFF THEA0°C T THIEA L 72
H1T1k ShsOis 73650° ~850°C T, a-She0473890°
~970°C CTHIET . AR ORBEIT I
RS BRI DR 2 2T 507,

TR D “She0s” (FEdbHE + WAk DSh04, 98%),
Sh20; (3N, Alfa Chemicals) #ErtkTl @ 1D
HAIZIRA L, 80°C, 24 T % Fo-SbOs & &
R L7z WwiT, SheOs, “Shi0s”, I8 1 U a-SheOs
FNFR SnO: (BN, =@EEfbs) kKL T5
~O5E LY OBES M B R L., Th
B okl F =3 800°C U 900°C I 24EI R -
7o, BERRBOREHT VT D SnO: B +a-She
Os L2y, MBI 5 ShEpibip ol &
BRI BUS R OS2 b EPEEDH 2 &
DIYBH L. B 12 1000°C T 24 -2 & 2
A, WER LR Sh EAMIRITE L B —
SnO. FRE DI L7 - T,

Y U 7o BRI O R FE B R X ki TSI
FPuEAEsE L U, CuKa 2 THE4Y 1/8° oA
B % BV, 20 53 55°~100°0 v — 7 1dds 2 fg v,
B oRIBICE VRDZ. kD & N ik
AUT 4z BicEsni. R2i3Eon
OEBEEDARELEY B TFEREFL, B

#22  AFESbER{L & SnO: DL (Q4EFFED) 12k
AR L T [ R oM T E K

BB SbRE R

W ¥ & %

(EL%)  (C)  a(d)  c(A)
SnO:+Sbh:0s 5 1000  4,740(1)  3,189(8)
SnO:+She0s 10 1100 4,740(7) 3, 190(4)
Sn0:+Sh:0s 10 1200  4,740(6)  3.190()
Sn0:+Sh:0s 5 1000  4,739(7)  3,189(4)
Sn0:+Sh:0s 10 1000  4,739(3)  3,188(7)
Sn0s+Sh:0s 5 1100  4,740(8)  3,190(3)
SnO.+Sh:0s 10 1100 4,740(7)  3.190(6)
SnO: 0 — 4, 736(8) 3, 185(8)
Sn0» 0 1200 4,737(2) 3, 186(3)

SnO: B & OBFER L IO 2D ICBTTH 5.
R B Bk k) ICEREORTER LT R
1, a=4.740+0. 001A, ¢=3.1900.0005A T &
D, HZERD Sb L O & I EHERIC—
Ly, »oSn0: HE LD SRS BRI ERT
L7208 5 T Sh bl B b ©—E iR
EEOZ EPEMEEND. 7, BRFELELS
iz, 1000°~1200°C % ¢ 0P TH-FER S —IE
THDH T L SEEETICE R ShER LR
ANIIER LIC v D &SRB L e,

TOT, SRHOBEERO LA, HIHLK 10
% SheOs T 1200°C CEERE L 723 2 B U
SnO: LA OEIFIREL, FhEh, 1200°C
T2AR R DBERR 71T - 7o, BERLBE ORENIMERX
BB SR, F AT OB T 5 - T
kic, ThboRBRiz g s Sh OUE 8
Yo XARIC THHT L7z, At SnO: & ShoOs
PR LT Sb DEIE 0. 5~9. 0F L% L 7 HHE

&)
4.742 T T

4.740 /
- a =
4.738 .

L ]

1 %

3.190 -1

3.188 p

{
3']860 0.5 1.0° 1.5 2.0 2.5
ENY ShO.
M7 SnO:-SbRLAIREEED Sb ks & TR0
B
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L U

YR ER LB, Shbostkio ShojkeE
TP EROBEBER IR, B oHbk
X 9le, ShbO:: LTO 5 L% Tl TFER
BT, 0.5% %S0 ETIE, Sb JEERIC )
LCHTFEE a ¢ L Lo EinT 5. HFHARAS
10 1 %ShOs DI, 720 HiEFE O Sho0s %

1200°C THEIE & w oo EEER o Sho R

AEBRTESNDIEKEEES 2D, SbO« &L
T2.3FAUTHo7-. Lo TER2IZRLE

oBEEERIzEENS Sh OB L IR L
BEOLOEEZLNLD.

3.2.3 ExE

Sb & Fm L 7z SnO: B E 0 Sb o JF-F ik g
BAEREREEE L OBFES SEICHE BT S
7o. LarL SbO: I8 LT 2.3 ® %I bARY
+% Sh OEITAZ 3 {5 Z & Lo Sn0O:
BV L FIRRIC, MY a{®TRE NN
HTRRENDIITTHS. b L SbaOs % SheOs
RS E LICGRICEA T AREE A T 57Dl

BEBROBTFRGEEEED 68y, BE IO
H\pujﬁﬁ\w) O R LB E Y

. %72 Vincent® |3 Sn?*Sbei*t0s DI kX
Snt DIFEFET B RAME B FRIC AT RELE AP i e

L ERIEW L TwS. Pyke® %3 Sh{by & [H
{ﬁé"é‘ﬁ. SnO: #LBFTHMEE T CHlE L, ShO,
Tt Sb¥ty sSbites0. DFTHNHCHERE T 5 & &
D SnO: EEEOMEF R/, Shid k3
BERFMOMTEET 2 b0 LHEH L. BifR
FTHERBA A D 6BALICRIT B4 4 L PEOX
Sn*+(0.69), Sh**{0.76), Sb**(0.60) TH 1,
Shi+ & Shét A F L MEEOTIDEAE0.68 L A
D, 1 Sntt LRILKE & MRS Wi, Z
DEZPRLEELEDRS. 7B WT,
ShO: 73 0. 5% LAF o ffit T 1%, Shbid Rty o Fe
28 LEEE LT FetosSh0e i 2 {E- T3
THEMER S 5.

o ORI AEEEOBREEE OB
B L T3 5 3 L Hi CHICEE L WIRATRE R &b~
5.

2 EF X B
L) ORTRL Wik 853 &vxé;ag, 80, 305(1972).
2) M. K. Paria, H. S. Maiti, J. Mat. Sci,, 17, 3275

(1982).

3) TEmEHEE, A4, 1980, 803

4) {EEEGE HAR{LFEEE 1980, 809.

5) M. Jansen, Acta Cryst., B35, 539 (1979).

6) C. A. Cody, L. Dicarlo and R. K. Darlington,
Inorg. Chem., 18, 1572 (1979).
7) D. J. Stewart, O. Knop, C. Ayasse and F. W.
D. Woodhams, Can. J. Chem. 53, 690 (1972).
8) C. A. Vincent, J. Electrochem. Soc., 119, 515
(1972).

9) D. Pyke, R. Reie and R. J. D. Tilley, J. Solid
State Chem., 25, 231(1978).

10) R. D. Shannon, Acta Cryst.,, A32, 751(1976).

3.3 Sn0,-ABO, (A=Ga, Cr;B=Nb,
Ta, 8b5*)

3.3.1 [FLsic

Sn0. v ?/WW;‘; %5\%7&%’5'&'
TH Y,
K TR B, H Z,
L CoOR&E A .

SnQ. LfhoaFagErF 58, 74
b ROZ (R=Ti, Ge 72 &), ABO. M (A=
Ga, Cr 72 Y, B=Nb, SO") @by & D EAEBER
HEROMERANT, 1ZEAL LR TR,
TiO & 131430°C L b BE T SIREE & 72445,
i)%wm&‘iA%&T@ﬁ&a%éW b

NEWETFTE R RO F AT GeO: LIRTEkESe
@@@&#5%@”&éhfwkﬁ,3ﬁlﬁm
BRI EL, BEAFEBEREEL RN &2
HIEH L 72®. Krylov®? 43 Sn0.-CrTa0s U
Sn0.-FeTaO: RiCHWT, RATRLY 21200°C
~umwﬁ%%¢é Lt kY, w&h%AMu
b b VIR R DR 2 2 & sl
W3, L#L&#% B DI ERE @i%m
F e ZER L TN,

Pl T e < Sn0: & aEEE 2+ b oiE
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B, KEITRLE 2 2DFHEICHR - THRORE %
I oG v, B8 (a) i [100]
(B 71i2RiF 5KEADH) 1TV - T DI
REFNOMEcHY, 1 >0MERORHERIC
bico THRERRE—BILRIZN TS & & &5

3. —7, (001) Fm\ (®7icBiF 5 35m) ~
OREEIZIES SV TWS (F8Mh). 6o & ix

I&LTL&&Dhﬁhamféiﬁﬁf&ﬁ%
MCHALPICERT 3. Thbb, KICAB L
L 7235 ET Tl AR O EIC B~ TR 2 %R E
W URhEW. 2R 0. 06A oiEER OZfLi
YT 5. CoBEERIAE S, —F @iz X
%, IR AR R B o R 1k S 1E R
BRI cH B Lz k9.

X8 aiSJ:Ub&i%Z’b%‘"ﬂ 71z kb‘éAkJ:UB)J‘

F~DOFETFH= > b7 A bOWREELETRT.

(hk0]) gl A OE R R V2372 5 A
NV EFERNZ E (F2Q) 128 (a)ofEs &
BELCMERT A LNATES. E, ZOBE
FREEII AHETHROZR LR UFMICELT T

WD D BN BRI 1 BApE
(F3@sL5).

4.1.4 E=®

X 412 L 7 BELREE R ORI 7 5 2 & —
CHSWTRD X OBMASh 5. TREETH O (5
WERERATRb SN 5.
Msm (h k+l)sinw

2 e

ZikEbhizan

sinw (

5=

sinz (—hfgi_d) sinzl{= 0
IhEREOBICEEES L

etl e—il 4+ ei3l — e~ t8l + ei(zh-(—l) e e—i(2h+l)
— (ei(zh—l) _e~i(2h—l)> + @tk o1 REk+D
o (@uzk—l) _e—-i(Zk—l)) e (ei(7b+k+2l)
_e—i(IH-k-)-Zl)) = (ei(IL—IH—?.l) ,__e*i(h—lH—Ql))
+ pihFk—2l _ pmicht+k—2D + eih—k—20)

— e Tk T2h = ()

I 7T RAE—ZRD 20 HOMNBIZD 5 &
BETIVARBL W a2 % £(001), =£(003).
+(201), +(201), =+ (021), =+ (021), =+ (112),
+(112), +(112) and + (112). M9lroh b
fiEZrd. 22T, ANLEENZLOHFFOR
Bl 7w

o; % Flinn A _1—2—L LT, 7FRAH—
B B HEBERIIAR TED SN,

z
Ods
21. L, :1.
0
O 021 o
-2 -1 0 1 02 Y
Oe 0424
o 2 Yo

9 Sn0:-TiO2T RT3 X &'/ F N RIIEDHIH
B cAEL B 7 7 25— 207 O&RFTF O
BRENB. 77 AF—RFHERTILO Lok
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+ 013+ 01z + 0178 =000l + 0003 + 0F01 + 0207
+ 0031+ 0021+ 0112+ 0112+ 0112 + 0112
RPN TARBICER 22 Lk 2 © 7 F R
BIRTFONHAEES 2 D - TR, HF
FTHRFHENEERCIVFES LB L ORI TR
F—DOBREBL THEITTBZLTHD.
Z 3 @
1) B, EdmE, 13, 1(1978).
2) M. W. Park, T. E. Mitchell and A. H. Heuer,
J. Amer. Ceram. Soc. 58, 43 (1975).
3) V. S. Stubican and A. H. Schultz, J. Amer.
Ceram. Soc. 53, 211 (1970).
4) M. W. Park, T. E. Mitchell and A. H. Heuer,
J. Mat. Sci. 11, 1227 (1976).
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4.2 8n0; &5 LU SnO @ Rietveld 747

MRETEE & o RS AR A T 5
Rietveld #:ix, ETFEEF O F— & L+ 58
%m&"m_bf 19694F Im s F & iz, B3k,
T DNHEEE  OWPE O R ETFERTIC X SRS
FIREENY, BBEOT7 o —FThbHI &3
WEHICERI S LT & 72, X#EHT Iz % L Rietveld

BEEALIDEWOIRAPIZILE » 72 DI,
19706 DB A>T B TH DB, Bhig, X

METE— 27 07 v 7 3 A EIRET 5720 0

PloonT, M HERBZ Rbhi®. %

DRI ES T, XMEHREEO @8 b

Rietveld#EBA LIZWIZIESFIER B Lo e -

T&7z. UL»L Rietveld %, BBV
(BBVITEFEREICH S, T VBEAR) &

FMEE, Tabb

(1) SEMBIVEEC—- 7 0ERD DD, K
ErHMcELTBoERLAE & A
v

(b) BRXMENT E— 27 DMzt i 5 E CERT
57 w7 7 ANVEBPRO» - TR ;

s
JeA

355

() WhEDEb Y THEEZFMOMAAELE

fe Lz z & (flat minimum) <2, JEHEBAY R IR
/5 (local minimum) BEET 5 Z L3% W

) LT 2—
H5 3
ERMPEZTNSY,

b ORMROME VP LTLERT A0
Iz, HEET AESE X HRERT S & — 0 Rietveld
ity 7 by 27 Ay =P, XPD v
AT L EFRAFE LI, ZOVRAT AL, HEO
M © & F, FEHFERERFEEL 2N
&R, Wiles & Young™ DiEHfy/e 7 n
75 hDOBWEEERTRTELTWS., 2IT, KHE
(4.2. 1)iz5+ XPD v 27 L OEEICHBNT
B, o0 e 7T MIHBIA TR T WA WHERE
FEAMICHEPTA LI L. 4.2 2RIV
4.2, 31 TI1X, AL RFHOFAF—S0: &
SnO ofEE D BEll—Ic > W TS, =D
127, 6.6HTAy M)A aYATard
Rietveld AT L3 » T2 0T, HHEHETTo
BBk OB 5 FRBB L Tl &,

4.2.1 Rietveld BiF> X F L4, XPD

XPD v 25 a0 LI > TnBDIE, ANSI
X3.9-1978 #ik iz i L 7- FORTRAN 77 535 T
X7z, FS600fToRBAR 7 e 75 A TH
5. 207w s AORBICH o T, G
O EFLEDVITA > T BETEHDE] 7 =
TICED a—nfbT B E L biT, FEHICEL
DEFFTEIBA LI, 20D, K v s ui
B oo LR L, %Amcfwfi
FEWST L0, thE AT L B b h
5.

Lo EonARSe ST L0 EER FOR-
TRAN 77 i 31} H305RHEE (7w v 7 IF, X%
T, U = MERREAD 3L, WERF — & & v b A
J13¢, PARAMETERZD) #FHSICIGTH L Tw
52 EThB TuyrsIFosHicry, a s
SLORMLEEL TS GOTO Xoofux, F/h
BRICBE 2B ENTER. =213V = MER
READ iz X v, HfEER free format) ¢ AN
5., HEOF—F E—fTIC B & &g, Bio
WHHDBWEa v TREEEGT L v £
DIMENSION 3% & &0 COMMON XX o eI E
EFXDIE L ALE, PARAMETERIHCERL



mefb A I B 3 B e

TEEBFRFICHANTNEOT, 7F AL - =T
4 H @jC—fﬁUWE = Fizk WPARAMETER
LR OEEE T, —ZBICERER AR D B
Wi T B &ﬁféé

I, ﬁ\aJMJ&¢MM%%twL 74
ESR O AE L B AEEROR 7 7 7 & & B
%,%ﬁﬂk@%ﬁ@@¥~&m%&fﬁﬁﬁf
FKIRLTWAB.

XPD v 27 picid, FFBELET (R
OFTHRIE L7 5 [REED), BE /\%fl@
FIIEE, BT W (RS ALE
@%,77iﬁ,ﬁ%Ww@%ﬁ&k)®$~5
N—zﬁﬁLime‘.a~%~ﬁﬁ%ﬁ%§
MBS 2R T 5 &, BRT « 2 7 ITHEME
NTWEF—F » 77 AP EEBOT — & MK
Rah, HOHCADIEND

— R AL @fﬂrm’ﬁ}t%m?‘ A OB T
SHAE R, FREN—HBOEETH B LS
7 MVEICEREND. BIERE, JENPRELALN
DHEFLFIZ DT, FHIHE & FIF T 5 DICBE
B L BBECHT. 5L, Z0X5R
REMELL- TR L, BERET20ERY
BRI e KEcEvTEs L, BFo%
B 2V —23EET2HEL R AZ20TDH
. WiTziE LR FERICES W T Iﬁ}uzét
hkl L ZBERFEL, T2 b (kD)

R L2 T HLITL»T, TNRENA & R,
BRI 5

Iﬁ\@iv , KT ATR, AhF—-#
T EO PR, %23’57& LOER-Tw5 R, BRER
TEHREND., LT, FidfEdr © FOR-
TRAN oZEHABIZHELLRVATYL, 42,
FNZ R ENTELTHASI.

RietveldfBr A2 5 b 5% 7 v 7 7' /1’
A, T 2B, v — v B,

w— L v % (modified Lorentz functmn) ® k
FOP e — v V% (intermediate Lorentz
function) ' AZF 5. T hbOBEEoEM
iz, XPD iz, -2 0fEs LREEECRARS
H 2B v — LV EROTITED SN B
BRC

‘/ 9 T K
(20, —20x)= -1 {l’/z?(G) a- ?1/}’15]((}>J'

Hi (G)
¢ (20 20A)252] 1}

{T exp[———Co(Zﬁ 1 — 20 ¢ )? J

+u—n[1+ HIG) (1)
LEAERAE., ZZiE, 20 1iFEROAT v
BT DT v —ofgEA, 0 KER O
DT Ty T, =4n2, a=4, 73 H T ARESHD
B8, He (G v 2pRA0REE, 61k Hx (G)
kv LYY Rsy O IR He (L) THl- i
Fbht., (P Ok BRTEREELR L7 b -
R A —FZORETHY, He(G)ix 3 OIEIE
NS A—&5U, V, W e3hi3,

Hy (G) =Utan0x +Vtanfx + W (2

THZLND., LiedisT, WRBHRFER &
By b e nNSa—2 UV, W, rBXU06%
BEL LI D ANFA—FZ L LTEATNDI LI
5.

(M H 7 2B =1 » & m— v B
(r=0) KED, SELEhEEEZL>T e
7 A NOERPICHE R RERTH B, Wb ¥ B
Voigt B4k (pseudo-Voigt function)® & (1) & o
BWI, HiEFoHE N TIEEShTRY, #
%Tﬁﬂwkﬁofw Zkiedhs, (i Bn
To FREEELE LicoiX, s o0& LTLIAED &
WEW SRR WA BT, H5E, Heeq!PR s @
% (n2)2 KEE LT v 7 v 4 VEIS iR
LTW3. MEPL T w 7 5 MITEHR L 72t
7% FWEnLEERIGESR, v &0 2R

CEEELT R L, ThHDA5 A —ZDENE
ﬁbt)%&bt)#%au d Y flic
BEETHEIWES

L~ﬁ®%ﬁﬂf&éﬁ#ét@®ﬁﬂ&b
13, Rietveld” ofEREZ0EEH TS,

FREMBARICIE, SeoDEEEAST A —4
by & by B eaie®

Pr=bi+ (1 —b)exp(—bop}) (3)
dx RS
CKE =
%—m, ERPE G
PEEHLU . L, éx L K T B oo+

DIET 7 b ERIREIEAR 2 bk DT gl
FEEbt. 3T h=0 L1, Rietveld?
DEINCER LAY ZAAHORLEL {5,

Ry 7 770y FigEyn (c) #HHBT 3o



HERA TR e R S

1%, WMOSTOOFEIHELTH 5.
i) RNy r 7 o9y VEBEET 3 FHik

EH R 02— — 2388 U e RS o EiE
LREL nflOF -0 L, ZhbnF—4&
»5 m—1) kOLEROBREERD, —okic
20 DEERAL T yvile) 25HET 5 (SR,
A—F-DATRET 3R E ¢, ¥— 7 0RE
&% He &% &, BOFEY— 27206 qHy Uk
BEN T ALIE DIREE 7 — 213, R/ TREMEOR,
MHSNB.
fi) Sy r 7S5 r FEEERCY S FE

GO Ay 7757 K e 5 2 —% By~Bs
D 1EkEE

Yoi (€) =Bo+ Bixi+ Box®+ Bax,® + Byt

+ Bsx;® (4)

=20 (5)

Omax—0min
XY yulc) 23842, Z2C, Onax & Omin
BEREFNAT v 7 e 2% v VIREF — 212 BT
%0 ORI & Fe/ME &R, 0°<20<180°C b

Db, %O -1 L1obnZiiEkL s
DT LIS, 20 HBIETHBLL T L, 20
DEEHBVBIEFICIENE &L, FHREETA
v TFY R ERPTE S,

AL I B 3 B JEB Atk 258 U CBREE 5 —
FEMNTT 2 2 L2, BRERERICES s 3R
DNTAEREBER Y, S5 A — 5 5225 - FEE
CEDOHMEN & B LR B HRFRETHS. 2L
2, =27 DEENELWEE®, FERFREAN
CEENDEFOENER IS NG AR, HH%
PEOBIANMBERT R L 72 5.

7o T Rietveld @ty 7 F v = 7%,
FROBIRISM—HE R CREE A E—EOHEIC
froleh, EPVIRELWEIEET 300, 3
F A —ZMOBRR— Lz kv, BEoFEAE
BESAED, 2RO TLLTRELEL VD
B, BOETLRV. Ledi-T, REX0HIK
G EBAT R Lic k- T, EFRIER-S A
CERGEMEEL 51051352, X0 FEREREES
TA—-FEHEZBETTH S,

XPD v 25 AT, S5 A—-2IZBLTEE
DEXARELEE, BEeBY R0 Lon15
A—FEZOWTRE, 20T 2 —FEHETS
Tl kY, BRAASREBEKRANRTYS (HE

#35%

B, #hAoE &R, UTrkRs
Zangwill'® 4L S 5@ B%E  (exterior penalty
function method) THLHE X 5.

M D ANET o FIHI Stk

Jiw) =0 =1, -, m (6)
B LU E oS4k '

hi(w)=0 j=1, -, n (7)
DY LT, BHoEREFM

ﬂw=§Wiw®%ﬂA®P (8)

ERNETHAADOAT A —Zu kDB LDk
TH I, (AT y TOEE, yi(0)iZEET
TREEDIEM, yilc) WEHFHRE DEEE, wi ik
HAHezRDOLTWS. A EFIESBEER oM
e —E ORISR & 0@k, Thbb

P, 01) =)+ -[SHf @) + 305 (1)

k=1,2, (9)

WD et 0 BRYBEIECE M+ 5 BB IC
T5. ZoOKT, RERE/MEOFE AT v S, pn i
ERERZBIONTED LT EOEE, Hix
filwy>0 oL x0, fw)<o oLal1thirs
Heaviside ¥k #7=7.

(NHKD0FE 2B LUEISELTLERCTH D,
w7 b (6)RE (T)XOHR BRPT 5
DERFIET 2 %EF X1, (9) R mFhon
TebiloTwd, LieDoT, F, en) &5/
Z¥5su 2 RHTdoFEE LTk, AEHE
LRI AEED X 5 r—Ea R /MBI D
TR, THRMEROBEEER/INEToMERD
57 L RBHEL LTWwW5 Gauss-Newton 3 73 &
b, TOEFHPETES.

HERROFETRZ A Y.

@ ulow OPIEMEE S 2 5.

(b) iR BAOBIEK F(u, o) ZH/MET 5 —H
DT A—FERKDD.

() E&BErtntirod, ZhBDAT
A— EDERIETH B2, N TEEE
T T 5.

@) pr ZELLTC, AF v TB)~ED.

Rt fi@) & h(w) 3, = —F—DfEMRT
HEEEI 7 e 75 5 CON ZBWT, Bliffnoun
Er»bFEENS. BN RETE, 45 24—
FIZ BT 2 HF Gt O IRERE B & 7 B 2,



bR BT B Wrge

TRBRPLESTELL TWS, B EE
B E Rk 2 HFRE L bR P o DE, R VFE

Db b, RTBRIEELLT W2,
Ay FY T A a-FAT R OBEFEELL

‘DOUBLE PRECISION FUNCTION CONCN,A)
THIS FUNCTION RETURNS THE N*'TH VIOLATED CONSTRAINTS.

72D CONDY 2+ #RI0IFT (6. 6 fix
BROZ L), ZofTE, SLAD—N, O e
OIFEEA0.17~0. 18 nm D HWIEDfEL & 5 &
WHAREROMBIEEE, §OWEL TS,

EACH

CONSTRAINT IS FORMULATED 3Y USING THE CURRENT VALUES OF

PARAMETERS (A).

FUNCTIONS DIS AND ANG SERVE TO OBTAIN THE VALUES
CF BOND DISTANCES AND ANGLES, RESPECTIVELY.

FOR EXAMPLE.,

BEQUNDARY CONCITIONS DO-EPS < D < DO+EPS ARE EXPRESSED BY USING
STATEMENT FUNCTION G, WHERE D IS THE BOND DISTANCE BETWEEN THE
TWC ATCMS WHOSE FRACTIONAL COCRDINATES ARE (X1.,Y1,Z1) AND
(X2,Y2,22)+, AND DO IS THE EXPECTED BCND DISTANCE BETWEEN THEM.
IN THIS EXAMPLE, EIGHT (SI,AL)I=-(N.,O0)> DISTANCES ARE ASSUMED TO BE

1.75 +/- 0.05 ANGSTRONM.
CON IS SET EGUAL TO ZERO. CFu
J. MATER.

IF THE BOND DISTANCES ARE IN THIS RANGE.,

IZUMI, M. MITOMO, AND J. SUZUKI.

SCI. LETT., 1, 533 (1982).

CCNSTRAINTS FOR BOND ANGLES CAN BE FCRMULATED IN SIMILAR WAYS.
IMPLICIT DCUBLE PRECISICN (A-H,0-2O

DIMENSICN A=)
DATA DO,EPS/1.75D0,0.0500/
C(X1,Y1,21,X2,Y2,72)=

MIN(O.OCO,EPS~-ABS(DIS(X1,Y1,Z21,X2,Y2,22,A)-D0))

CO TO (1,2,3,4,5+,6,7,8), N

1 CON=GCA(21),A(22),A(23),AC41),AC42) ,A(43))

RETURN

2 CON=GCA(21)-,A(22),AC23),1D0-AC4T7), ACLE)-ACLTY  ACLE))

RETURN

3 CCN=GC(A(21),A(22) /A(23),A(37),A(36),-0.5D0+AC38))

RETURN

4 CON=G(A(R1),AC22) ,A(23),AC41)-AC42),-AC42) ,0.5D0+AC43))

RETURN

S CON=GCA(26),A(27),AC28),A(31),A(32),A(33))

RETURN

6 CON=GCAC26),AC27) ,AC28),AC46),ACLT) A ACLB))

RETURN

7 CON=G(A(26),A27) ,A(28),-AC42),AC4L)~A(42) ,A(43))

RETURN

8 CON=G(A(26),A(27) ,A(28),ACLT) FACLE) » =0.5D0+A(4LR))

RETURN
END

B0 BESE S = 25 4 CON o .
V5.

Zangwill OFFHEIXMER T V=Y X0k
LTwaizbanbbd, Sm) & felss
FIEHDEE T LBTED, TLBED A
— T av TR, o TRDOAT v TS L T I
2P BEETH L IR THWBEOT, HED
ENCEHT T 2702 ) XATESEET 2 FET
b5.

Pk Rietveld BT 7' m 75 5T, /b
ZHEHE L LT, 2 &2 &< Gauss-Newton %
B LTW5%. Baerlocher & Hepp® 7w 7

1~8 ODFESD DWW RER DRI &ENE IR T

T AITENT, FEFRELRIRTCE 00,
EOEoofsks. ULl Rietveld fEATICH L
Gauss-Newton & D =WHAT 3 &, I
TIPS ST A — 2L T WER D TR
<, LI LIREOM L R SR BB o
wﬁéﬁOUT ”’TWALTL&);kﬁ%

BRTWaY, FHRED IERIER/ P RENTFEL
@wuﬁ,l~@$¢kw OB TR, F
¢, XPD iz hdp b3 3 >0k i

B, RIS U TS E I 2 bh b &



ST ETTEETI e A S #3555

S5IITRLE.

{i) & IE Gauss-Newton
ZO7TNATY RLTE, FEVELAT » 7T

B BT 2 — 2 OEE Ju 2R OEHFE

BRELZ LI X DEET B

s=1,- N (10)

> s

N
2(11'3'—4";:' = ‘[3.&‘
=]

= S0, 992(0) 8y ()
i axr 00Xy

m 00 : 00+ % oh. oh.
+t ( Shy7,085 985 < Ohy ,0,]741,,) an

7Y ae - Ld D 5 N pn
or \5= Hox, 0xs T 0%, 0xs

Bs= ?wz [yvi(o) —y: (c)—].“w’%}i@,,

no  dgy &, Oy
- **(Z‘] i85 p 2N ‘7)

Xs =1 0% 12

i=1

i UNBRIZE AT A — 5 ofa kb, Xk
BT 0 7 5 75 BT, o T AT @ 0
WTH et kD, at LEEAR Y L Lo
o du BHAT 2 OPREFRL LT 5.
< OFEDFEEES kOB O TH B R IR
FlZeoc, A7 aF 5 LT, SRENGTRTI
LB X9 HIkEL LI REdT5) % Choleski #iz
LV EZALoMm U1, Mgl BB CHESE
FEE (10) OMEERD D X SR Lk RO
Marquardt % 3 [F{#8). Ly uofis F, o)
D EERWERE, Julii/ AT (damping
factor) d Z#F TIEER &I TE 5. H/h=5Rk
HoERE T 75 L SALS® (0 b-T, dXL
T 27 AV, 1< 4 ORET P, o) £F5E
L, BELAANTA—FERELTNS, 20
BT Flu, o) B0 Lin s 2k, FE2E
5.
{ii) Marquardt ¥

AT e Iz 2-diag(a) ZMMA S T LI XD,
SRR 7 R B o) Marquardt 3 T & 3.
IOFETELN S du i, AN EVWEE
Gauss-Newton & @ du [Z3E-5 %, 283 Kk&EWE
&, WEROWD &2 BB T Iz S
(. 2 0fEE Nash'® o 7=y Ll k0 sEg
LT3, Marquardt %05, JHRIBMEOMYV =
%]Vﬁ%{ﬂ’fﬁ’) e, N xA—X @m%fﬁf)*ﬁ@
fEEpIERTWBREI, BEREET 5.
i) S rEEse

i

\

HBHIEEIRDRO L VEBEREREL LT
BLHTHD. LHOFEN 7 Picin - THIZE
BB hbh, OBEEFLBERCESHY
T, FLWBEBRFHEBRES NS, 10 OEER
RIBIC Y, H/R RO T OIBRN S 0575
OWEETH D, K7 w S5 K TRBEIBIEERIC
DSC-Powell™® o7 =0 X L&A L, &S
BB LB Tn 5.

Fu, pr) OED Z90 6 Fe/Meo R 2§ LT
WBHZ s, EEGmMEEEEEEE RS
HEY, 2 EICEINE . SRR
FHEIHS 501k, Gauss-NewtonikeMarquardt
B TROIEMOELEEF = v 7T 556
.o bbb, ThAbSEODHFETEONIE
IR =PI Ry, BIGRERILBIT 595 A —
ZOPREEFSRELLT, BELEETT
HZEART 2= FOEEV > SWELT
RIDX3%F =y 78 TEDIOE, KRERFA
Lo TIWnWiEAs S,

B Lo THE LN T 4 — FIEOBER
7E o (ur) i3,

o (uz) = (app ™) 172 (13)
THEZ N3, 2200 aer HETBREATH @ D
Froloz AR 2R Y. ERERNE 2D LT L ERT
Blwiz, (3)RoFERFHEIcsT 5 KER
BT, WodWBoRo Ty, EEEEL
R BITIE, BERR AT A= FOEPRES N
7ot BhTi@EpElC Gauss-Newton 8 & 38US,
DR LUERE ¥ e CRET 5.

XPD v 2 F niCiE, a—F—=0BAHLZART
A= fEE L LT, AR OWE OBRIRXHET
5= BT AR L MAAATH D, S L
Rietveld f#4f D84 L B D, BT D
TR, EEOESLE L DBEEWLNBETED
IHREIRERTWS., HRRER Y — i, &
F & E R EER T — g T T A DRSO
F v 7, BE - EPRFOMONE, EBRERO

Th5.

BEOHE, KV 247 BE0 BE, BEEEo
AT DE—c s > Th A 9. Marchand

SN ER Y D L1, SNy OEHT Y &
Ty FLAEEERINGET. HENcBE - TH
500k, Y7 OBEE 100 & Lic &L & 0%
SHEREECH 5. MRl E MmO Ko & Kae
-7 OfErnd. RBOREERFEERL T
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ALPHA-SILICON NITRIDE

RELATIVE INTENSITY
w
s

3

! . ' 11 'n"

- +
1 " i it ki B ] L] "4

416 18 20 22 24 26 28 30 32 34

K11 a-SisNy © MBI 2 — » (CuKa).

WIS b b, BILGERAAE — 2L
BELCETHS.

4.2.2 Sn0: @ Rietveld fZi7

JEIE S g Voigt B3 (CLF PV2 B33k & 0%
1), (L)RoFHEEF572012, SnO: DX
HREHTEIE % Rietveld i & i@kt L7z, SnOs
BIRA DO,
(@) B&AEBREMLRET,
(b) FELEET 2GS T A — 2 O DT

3OoTHY,
() ¥—27ED3LDERY DR N
e ThD.

Sn0s PEFFREE, Ni 744 % —TH & i
L7 CuKa % Fvy, 24.5°~113.6° @ 20 Ofi
PN, 0.05°BEITE L (178325 » 7).
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&l LT NbeeOss 12 317 B FRIBARRED, 3
LU, 2Nbe0s+7TWOs Iz 351F BEERZSTLIY % R
Uiz, $HETIR 1MV Bxi ¥ —Eric -
BDIFAD oy Ak BEHELLD. ¥
MgSh:Os iz 3313 5 ZE T VEIREE o A
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6.2 HLLEBEREGEAYX LAY
DEK

6.2.1 [FLBIC

BRERME S A~ LA LRI D —ED
L& ofERFE Aurivilliust® 2 k - TRAS L
TLSE, £ oMEFERZOEMBECBET 6K
BROA L A-DERERSTEL™. Thb
i,

BieAn_1BuOsnes 0 e (1)
TELEhBEHT, PO AR KT, Pb,
Bitt 72 %, Bix Tit*, Nb*, Wer gz, #
LTniElses6 EToORKERD LTV 507,

0tk REBWENES C A~ A {LEY LT
En5—EOLEH Y PEFTOEM BIZ L - T
BRRENTYY. 2R b O(LAIE—ER,

BisAon 1 Bont1Ognye e (2)
TEbLER, A, BR(O)RTHEDLRATWEL®D
ERICTHY, niZlnb3ETOEETHD.

Bilf, A4 v 0—%k 7 v3EA A L TER
FTHZLIC LT, W OO L L E#ER
BECAY2{LEWHRERENZY. ZhAb
{LEiid—igst,

BiAnoiBuOsnpsomFrm, oo (3)
TERbLENS., P, Fldv vFE A4, migE
BMIXIF22FEbL, hHoRBETT(l)RXT
Ebiicb o LE UEREE-.

AR BT, (3)XTRbahbLEYW
BICBET 2 bA Y e ZHHART 2 Z LITT)
L7ieDT, ZhHIZoOWTHET 5.

X5, SoTEBEOE S LWE A FDBHEE
WEALE e AR LR, ThbiE—R,

BisAsn_1Bens1O6niomFm, oo (4)

TRbE2ZEEWHLMC L. ZOKTHED
NTWBERBEETRTOB)RDLD LR UEKRE
BoTtwnd, (4)yNTRbsh3{AWE, (2)
HTELINB{LEWIZHONT, BEAF L O—
Wa 7 vFTmAACTERL, BRWPHE RS
DI, FRIEISUTHA A VvBERETI 2 LTk
S>THELND.

6.2.2 EEAZE

AR RS U o AR o ik &4, PbBiTi-
TaOsF, PbBis TiNbOsF, Bis TisWO4F, Bi+Tis0z0-

FThsd IhbolbEhEciconToEET
HBERT.
PbBi; TINbOF

RO 33 Bi:0s, BiFs, PbO, TiO: Nb:Os @
BAWEHBEWE L L THWZ., ZOHEBEWERN
200mg # 444 A mm, £ EH50mm D FHeeiic
EHA L. BT, 5 600mg o MEsHE & S
5mm, EXA70mm o EeEcE Lz HA
DIZE, Ty F e AaR—=2BoREIR T4
HBFELRE. FLT, TOHEN L BHE
HEEERICH AL, ZOZEN L EBERER
2T, 650°C T 2T L et & 512 750°C
TI6~40BFIEA L7z, BT - FREICE AL
7o, KBRESE» L LSO RmE,
HEENADESDOEETELETHLS 20T
H 5.

HREYE O/ & U T, Bia0s, Bils, PbO, TiO:
FENFROELDS 2066 3TRES
NLOREBETHD EFRENT. ROKGE
HETEXELLTHD.

5Bi:Os5 +2BiF;+ 6PbO + 6TiO: + 3NbyOs; —
6PbBi; TiNbOsF LU, < QLD WS+
BWTERE L7z b DI R R EA L Twiz.
W<, 7 ulbE 220K HEEPICER
THMBRCLBBEAREDDLEDLRE. 22
T, HEEWEIC, HEOOMRE Y b i E i BiFs
EMAICEZH, NMHOREAEITLLSZ LHH
k7=, Mz % BiFs o&#EE, S3EOOEROH
FEICH L TR0 OWt% Th - 7.

PbBi, TiTaOsF

BB & LT, TROEIE, Bi0s;, BiFs,
PbO, TiOs;, Ta.0s #®tk, 5:2.1:6:6:3
DEETRELZ OO EER Lic, HERMEKES
<, &®e BiFs (#80. 4wt%) 1T PbBi:TiNbOsF
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Bi;Ti, WO, F

#HE Bi0s BiFs; Ti0O., WO; % £k,
7:1:6: 30HAETRALELOXHEYWE
ELTHEALL. RORKIEVDETT 2 b0 L Bb
ns.

7Bi:0;5+ BiF;+ 6TiO2 + 3WO03—3Bis Ti: WO F
Fa Tt A L 7z 3890 # 700°C T 1OMRE]
nEd%, & 5IZ800°C T20~GOFRIMBE L7z, &
OEEICE, BREeo BiFs 254 T0n AL TY,
B B NI BISAERINT G ERMEETH > 2. F1e,
W > BiFs XA 0 SR o v 3B 7 7
Mo,

BiT1;0:,0F

5(3%, Bi:0s, TiOs, BiFs # & vk, 10:15: 1
DEETRE LI LOEHIEHE L L THW .
EORE, ROFIEPHETT 2 b0 Bbh 5.
10Bi:03+15Ti0:+ BiFs — 3Bi:TisOz0F - (5)
L AN, HIEEREBLTEORF T2 < T
BisTisOn: Tho/z. BB~ X511, H%Y
B BiFs &z s &, Ao s
Wrx b L8 TES. LiehisT, HMEWERIC
12wt DO BiFs 1% 5 &, 3@
BirTis0:0F 38 bivic. B0 ERY 3 BLTi;00

Tho7/HEE, RoXZoEBBZ LS. (5)
MR T, ROZKLEEH 5.

BiyTi30::+ BisTi:OsF — BirTisO2F - (6)

2Bi,T50:2+ BiFs - 3BisTi20sF - (7)
(6), ()X, RABBUOINS.

5Bi, TisO12+ BiFs — 3BirTisO2F --(8)

(8)#h b, BiFs OREA BisTisOw D AR %
B2 L7 L FHEND

2wt% o BiF: 2 MBEHEICNL, &5
RO BiOs beaicinzxr. ZoHBmE
FEGEPICH LT IAh eI L,
650°C T 2 BFELL, & 512800°C 208N
B/ b 25, RISERY EHE: BirThO0lF ©
B ote. HAMTINZ T Bi0s o WIE I LFWE
D2 ~3Wt%ThH olc. H47% BROs OFINIC X
% A AR FEEE O 16)_ LI aRic X o THEB A <
L LR,

BiF;+ Bi:Os — 3BiOF - (9)
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DEY, HBWE O L EREBRAE 2 &
FThb0xo BiFs BIIZ L5750 Tl T,
BiOF o0& iz X3 mid Lo,

X SR O 7 — 713 CuRa ik i 5 o
T b A—F—IZLX D ET. PbBLTiTaOsF &
PbBi:TINbOsFiz oW TR EHE R 3 4, BisTie
WOuF & BirTisO2F oW T3 EalipEs v =
VENEERE L LTHWE.

£, InSEYOBKEE C oW TR, SR
ZITIE 2 T <7z IREORE R +£2°C
TH -7z,

6.23 HRELEE

PbBi,TiNbOsF » PboBi; TiTaOsF

T HROEmIC oW T O XBREERO 5 —
ZRRL, RZEENFNRLTHE. Chb
S OLEWIEPbBiNb:Og 2 PhBi2Ta:002% L ¥H
ClofhETcdhsbosFREND. Fhi. Zh
BIZOWTHE S BEF BROBMME L &
iz LT, PbBi:TiNbOsF & PhBi:TiTaOsF o /g
TE— RS T & ITo2. TR hb
DHAJBORT A —F =B L 527,

PbBi; TiNbOsF

a=3.856, c=2551A

%1 PbBiTINDOsF 2+ 5k X i

Ef0 7 — 4
dobs | deal dobs | deal
f R 1 hkl . o Iobs | hkl
R R R R

12.66 12.76 | 5 00242.119 2.126 1 | 0012

7.03 — 1 — [ 1.928 1.928 1 200

6.35|6.38 ] 63 004 1.860{1 1.863 1 1110

4.235 4.2520 8 | 006 | 1.745 1.749 1 ! 1013
3.815 3.812 1 | 101|1.633 1634 1 | 125
3.518 3.512 1 | 103 |1.590 1.594 1 | 0016

3.178 3.189 15 008 | 1.552) 1.556¢ 2 1015

3.075 3.076. 9 105 | 1.537 1.538 1 2010

2.727 2. 7272 1 110 | 1.272 1.271 6 303

1 107 | 1.247, 1.246 1 305

2.550 2.551] 100 0010‘[ 1.209 1.211; 1 2115

T

2,205 2.595 1 116 | 1.155, 1.155, 1 1120

2,281 2.284 1 109 | 1.100] 1.100, 1 1310
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BT o 57— &

ZET 5 AR X
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o o Ton hkl ‘ o .

RS A D
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