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1. F
1. 1. BEMEBELESERILADOEH

3

BRWEIL, BEFH - RFEMISGEVERAFHEER L, 2IRITHR ERZINSWHEHED
RENEHTHS. BRNOEFIL, BHWIEWES GEEHE, (A U8 1ItL-T
BUOIFon TS, —F, BEBIZIIvan der Waals HD X5 1550 A%, FEAHLTWL
3. ZOFNHBENERD, BRWEN, HR LN ->TH5. EB, HET—7EEC
FOBBHRICEBICHNE L LDOLE. JORMHEE LOBBOIHEAN BB
DEFHEIDENBEER, FL(RLID0THS. RENTEBRYWETH 5 2 Hifk
BYRESE (BBEBESAMANVaFrA ) Tk, BRTGHE O TH 5 EME K
BHAGEHAXHh, RWVCERBXINK [1] . Zo0iEh, BBEESAANVarFH4 Pk, &
2BRERE LU THION, BIE TH2HNDS ;D@ BRBIC KT 2RO P&
BIRNVF—F v v TOEMIPHICONTHEINTNS [2] .

ChET, B2RUMEEIIELEOETFN - ¥R ELE FO LS ITXET
EMIEBREBWCHED, BATON. TOMEOFTERHEREREZ(TS L,
BT AEOEMMHEERORELAZ N, LOM2KRITRIEISTHASH EZZX 5
N, BEOEELHT I HBELELOMICERS T TIH)EBEFPEBEROA »
F—HlL—Yardftbhi: 31. LA ry—hl—a ik, BEOREEEESHS
5ERBICT A P THAERDTREBETNCETY, "X MNTHIEIBBEES 1AV
aK A NICBEITSBABELRE L. JOHRLEEOBEFHHEIL, K&E{(EML
Ufe. B2, TaS,0BREERBEE, T=06KhoArF—Al—2a iliDBK
WKETERLTWAS. KRXOMBLEIBRYE B 2R, V5 —AV—Y a VWE
LRIEXN, BRTROMED—HEE LU THENEE - 7.

BRUEELUTBBEBY A AN AT FAL FOMIZE TS T 74 NEZDA VT —
H—va ALEY T TIIBRILEMTHR—35) , £, SnS;, GaSe, Cdl;, Pblp
PHBENT OEESER L TTPWEI RSN TN S.

KB OWE LA ERYE L, misfit layer compoundF 7z {Xincommensurate layer
compound IFEN TS, BULHBRIEZ, 40LEIANVDOTERLTRESBRILE
MEN)BHRTH—T 5. BEBERMLEWIE, MX)G(TX)nsWHLERTRINL—5F
DILEWTHSB. T2, ¥R -7, ThTh

M: Sn, Pb, Bi, ZH 18,



1=

T: Ti, V, Nb, Ta, Cr,

X: S, Se,
1.08 <x<1.23,
m=1, 2, 3,
=EBHRT 5.
MX MX MX
2
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g
g
3
.é"
MX MX
8
MX
(@ 27— 1 ) RF—-T2 ©RXF—U 8

M1.1 #HAEERILEH DA

K1LUZES BIREEP DB OV T OBARERT. HN1.1(a)id, MXELBBRSRES
AANTTF A RTX B0 S (i Ed %) ICKBICEA B > HMETRT—

1 DEWERETINS. LFERMX)(TX)nllBHN Zmds, 1 DBAITHYETS. LUITRE
i, TXJB 2@ 6%, 3EH X IIMXED, HAINIALEWETNTNRT—V2 (

_2.~_
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m=2; {1L1()) , X7—Y 3 (m=3; FL1() &M ZOmBHEERL, 753771 bD
RATF—=IEYWDOBEALAUTHS. £LUT, EABIRILEYWODZ L%, BRROTXLE
BN, MXDMEAINICERLT I ENHRSE. BBEERBY A7V a5+ A FIZH, #P
HEWE AR A U EBRLEIOWHE I DWW TIZFriend 512 & » TEH L L R b TH
% [3] . UTTRERDIBDIIMX)Y(TX)n&HKiLT 5 (HL, m=10H4L, TX,DHE
MAEEKdT 5. 90bb, MX)TX;&#T. ) .

MXEiE, BAEERBELQ00)E LI 2HFEY O UcBEE 5. TRX
i3, VIBRIZB L 2MDBA A 2D RT0ODOT, EBMOMEBUCIE L TTXBIZEM
PBEITS. MXE, BRESOUEERL SER/EBICRFELRVEREEZERL
TWBEEZ OIS, BRAEGEIZEE UMW EEZ Sh AN, BEAMOBLIERN
BEH IS EE L FENOEAOI045Z OBV H 51D THS. TRMOFHELED
B, EABRAYRFIEAEOMNEOEFORAEIC L 2.

—%, TX @i, BAERTHS2H-TX % 7 idIT-TX, OS2 R L CRFLT
W5, HROBRIER, FITX @I SOFETHS. TXLBOEF/ N NE#E,
FEEERNOET/ Ny FBEZIFIFR-TWB EEZ NS, HEBILEMOEF NV
BEIIBWTIE, MXEDSBEFOBENICK > TEES (THREDOINV ) 25F7T5E
TFHBREC L >TNBE EEZ OGNS, N FREEIZEME SNV FE 5D LEFOLED
BPEALTND EZEZBZEF NV FEFIVE, VU y RNV REFIVERTN S.

B1.2(a), OITHEATFRILE W OHEEDOBIER & &8 D A% % (SnS)NbS, %4 &
UTrd [4] . HL2@UICART L) IEMXERUTX BE 4 iICB 0T, BEFMELET
LRGN ERETSH. THbL, M XBETX;E0Da, bMIORFEREZNTN apy
. byx Eay,, by, 35, BEABRIAYITHT S, XgkREN - EHREIROKEL

SR DR KT 5.
Qpy * Oy by = by, =b (1. 1. 1)

THbD, 2ODFEDObEAHOEFELIE—H L THBEDICH LT, afiifmOBFE-
B—HLUTWEN. Zhid, FEHMIIRFAEEEIMDY, HOHMTIRBFESH
H5EN)EGUBROND L) 2 ETHS. L LERIEEZOEWARHICIE T,
afifi 5 1) EOBTAENCBAZ LBV R IO TWEWL [4, 51 . ali Ao FA%E3,

S 47 (1. 1. 2

amz

BETHS. NToBEOFEHREBKTTIE, BYE6) BOBFERDOHIZI NN
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v A

“(b) (SnS)NbS, DIEIE | ary,

@si (s QN

SnSiE

NszE

H1.2 AF—Y 1 BEBRILAYMOREER (a) & (SnS)NbSHD
FEEEEIE (D).
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SHVDBDTHS. FEKIZENTIIBRTABEIREVEE, BERERTKESE
ZEIRETHS. ORBRICKEXURTFAEES LERF OB EEGPREICFET 54
%, BTOEZAHEABRILEPOMIC R I N TR

F—IVEFROBERX, EEBRILEHDOF v VYH, F—IWVTHBHI ERLTH
%. Bk RTXDEEHE, FEUTTEFOINY FHSTETWS. dNY FHOD
F— IS, BEFY VY THS. MXBEHSBEILTX.ETY, TX@OERHZED
5 EEIRMBORL LTWE. BRIEERMX ETX EOBEREEEDO I K » TERIR
BIZHETH0E, TXEEEZ SNTNS.

COMETEBE O, BRTEOMEEEEZLSI LITLD, FEAKNILES
LEWEN SER - BIEEWEE THEONSHIIHS. ZO L) BREVYHEERTY
ERHZ, Mokt - 7o X [6] PBEESLEEK [7] ZBROTHEELZ L. X
7z, BRILEWTH B EARBLUT, clif LabENOBREROMIL, o /p, ~10'ERE

T, REUWBAUEZRL TS, EE&RBRILEYDDEANIZE WTRTFAEEDH Hall
Hia EARBEEDITNbEA RIS I 63, BRI ENZRESE Ta, bl M
I ARTFEEESHORAFEEZR UCHEEBIIRHIN TR,

s, BEBRILEMTHROBALRIEL, WHEOWETHS [4, 5] . HRE
5D, MEED, ZHLEFLROEAETHS. HLEFREL, HPLEIHEBEEOEF:
o, L LOEFHDOENN, (LEYOEEA AT AT LI 5.

HEBRLEE, LigAME (R75—U2) PEBRELTHE I TS [4
1. o, EBEEREVDOD, W >rOWE THRIZEVHEAZIHL TS [5, 8, 9
, 101 . ZoO—BOWEIR, 8K - FEEk EBESETHVOSHS) HhoeBREINEKR
EYEICESREVHE AR TEEREZL D LItk > TR ONS A THEKREN. i,
BEBRILEHE, BRBENICIDBEREEL I bo— VRS ARUVERILEWTH
5 L0 HET, BIEERBIEREFULUIWE LRSI 0TS [11] . #HABR
LB EZ DD B DHERO LB EEL LR L, BABRIASYOMEMNT ZBET
EHEHIT LT
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1. 2. BEBRLEHHEDORIK

BFABEEBEYF OEABINMAEY & U TEIBIN /DX, LaGS;[12]0RAITH
A9. TOWEOERRIL, UBORTEEHWC. ZTOBRIO—BHOWER, b HHEE
RBRUBHI L3 -7, UL, BEBFTEROESICL D ZORESHEEINH SN
BOEBEIND XH T o, 1987THELK T 5 2 RDA. Meerchauts,, 7+ 5 ¥ DG. A
Wiegers 5, HARD/NEFH S, HBESITL > THEBIRLEWDOEKEHERRD, 1Th
NBEIITI -7z,

HEEABRILAYMXNTX)n DR ERL TH ITXBOH I S5 5 AR (T: BB
&/, X:S, Se) &, BEMEEHEMEBPEBCEMAEBERTEELIC, EEBYXER
GF L TEBLEYRES. TXORBLEWIE, BEEHKICREONEWEH LNERR,
BZIE, MAINKEBAA VICEBEEA A NEEERT. &) —DODOHRKEZEMXD
RiAEERIE, £BOEEIC X > T8k (SnS, SnSe, PbS, PbSe) tii-7:0, £& (
RS, RSe; Ri, HFAFTHR) &M -70T5. HEBRILEWI HEERTTXDF
MtEMEAIBEINS. ZIT, RIETHEITX,ONEN, BEBRILEWIZENTRI
XNBOED, HBENVIEDLS ICEF A2 300 &) B BN FIZN TH
3.

HABRILAWR, 220K ERB THEAERSHBELI - TW5. HREFEHICT
I ORIHERLL, AN OWEAREICELEZIRTHEONENS AbEFEAINTH
3. FRTOMEREAHENREORTYERICKBRINSHES S A bHEENF O
T3, '

BB EDY, H8BIRMEYOREWICEEL THEEHINTWS. 757 714 MNE
BLaw [13] PBREEB S A NI X F A FERMLEY (3] TR, 125 —AL—
Va iSO — A5 U DO ERRA N (5T A VERRBBEBY A AV as S
A4 F) NEHIBE L, TOUHEEREZ(EMIES. MXED STXBNOBMBENC
LD EABIRILAY ORI ED X5 ITITET 20 BRI E LA TH 5.

X@POBTHE M- LB ERIAOMERITE L b, BRIZEIEAICHE
INTHSE. THETOWELIS, BBEETE LTI, NopTax§LHEARBRILEY
2, EBNTHY, F—NLHBROBED SIER—IVEBENETH H EEBIRILEWOF +
J¥id, "=V THs EEERINTVS. F+ ) PEEPIIR—IIVRERDED SRR

1

R, = — (1. 2. 1)
" pele]



H1E
AESTRBDONTHWA. ZZiccld, XEE, e dEEH (4.80x10-10esu) TH5. K
WizF+ ) YEEIOBBEE MUV OF » ) YRICBRE LU BEhEET. BBS
BIHSVEICET 554, ANV FC1EOEERFSH5. #- T, bZALr5 EMXE
P OTX BNDOEMBEEIL, MTHEIoNS.

B EETHNDE /2 i3TaDB & OEEBRILEWMX)TX, T, K —IVERIROHED
CEMBBENRED OO TS, FIZIE, (LaS)NDS,OHATIL, FHOIEETD, #&
BLicEABESON TS, MRBLaA DR T ETROBEE T S FHIMIGENEHBE
& (0.9£0.05M@) A%, HHERBELOSNTUS. MESnZF /3P TIIERBEIEII/NX N
o FIEY, EBZSRTNWA. LKL, REFICEBAAEFRICLBHIETIE, B
FIBHEIINIVODODOENMIERMBEI L TWHAZ LIIEEIN TS [14] .

HEBRILEDODESMESRIZ, VYV Iy ENUVFETFIVERNWTHEZINS. BBE
BIAANITFA KD 22N KPS, MXBONSOBTFOBEHICKDETS. Zhds, B

WBBICXDF ¥ ) YTHEF—PEEFBRICEW TR THHUTHS. . ..
HEERMEHITH T 5 HHESETR o, CHAERIERR p, LD o, /Pab C:x

1042 S ME XN TV S, LA LED S o OIEIL, BEFHETITDOBZ E0BL, #l
SIS BEWEIEIMEL . 518 513(LaS)NDS, O - FifE B KEAR L4 F IO
T B Schnabelpx FULTRIE L o, /p, HAOBRE & BB - 7o, EICHNERRO S Hakl
IR o TR o, LOBRICIA - 7B o, ABE LT, T OESE, 280KTp,/p, =1.02,
4Kmﬂm=0%?%ot BEREROHNORLER, SHETIIULD, BISRT &L

, LS < UEBEIIEICE VTR, EFHEESIORAHEN, HEICEH S,
%@%E&%mv:ﬂr%% Nid, BERMEEBAHERE (CH-NbS %2R ) &&HITIK
UTCEWTBIZEHER 2R H2BRLEKTHS. ARG TERALICEBRERS
AHNATF A Pt THBEEHEBL, #EFXhs. g4EREEmIBLTHE
ZEMHEEIHFINS. EE (MX)TX, (M=Sn, Pb, Bi: T=Nb, Ta) & (LaS) NbS,
KO TRBESHEBIERAIN K (58] . EBERERVWThEBROBEEBI 14
WaFZFrA P& L. FBRS OB ICEWTHF L EAEEELEEBILEWTH
SKUTORETERENOSBMERIS REXh, Betk T Eso—8 Tz
BREIEBEINTNBE L0 EERXN 2. (SnS)NbS, E(POS)NLS, i F51) 5 HEDHIE
P OBILEE v v 85 A—F2NKT I3, ¥2.4ERBb o0 [4] . ZOMEE, BCS

BRI B 25 AU B B35 K D ET/AE VD, HEBRILEHOBLEER,
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BCSWIBInB ELEZ oh 5.
MPFE L BCROHEDOEABRILEWII OV THEARDOHENMT DO TIN 5. 5
F D14 Currie - WeissHI|

x=— \ (1. 2. 2)

IZRED . ZZICCIREE, TIREE, oldCumielBETH 5. (CeSNDS,Tid, ALK E—
AV NS, RSt [15] . # Labifids, BEAHEH, LETRBAH, L TE
hZh2.76pu, £3.36, TH 5. T JIT uyid, BowTTH 3. BRIEICLZFHET
i, C+A A U IRIDODHFGEEX D E2.54u, 75D, Cep6DHFHEEZ B £3.58
py £35S, p, DENELSDEEDL —HLITNI &id, CeSED SDOEMBENZELT
378 CB3+ A4 AL ECe2+AF U INRET BT DTH B LR IN.. T ORIEBOHES
BEMBHOEZL THIBREERNIIEBRNTE 5.

KRG AR MIVORIED, FIBS [16] 1Tk > TRXT—I1D(CeS)NDS; & X7 —
D2D(CeS)(NBS 2223t L THID TITOH, F+ U VOBEEEORED » PabTNEL
HORED hMMfTbhl. TARFEICOWTIE, aliiAOKEHRIRY ML EbiiE
DRHABANRT MIVORBOHBEZZIRZHINTOED. JRAROR/MIL (F5 XLy
V) HHBZ 574 b RNF-E, BEEESZHNDS IR TR LTS, 5 X<
Ty UDBEIRVE—YT ML, F4 ) YEEOETEEKRT 5. FIBSREH RS b
ND#5R%Drude-Lorentz € 7 IVEHNTEN L, BERF + U YO 5 X< REEZ KD
fo. BIZ7 5 X2 mEBop Eh— VHEDSRBEL SN F 2 Y YHEENS, XT—V1
D(CeS)NDS, & X 7 — D2D(CeS)NbS 212 1 B+ +» U YOHERAZEH LT 5.

1. 3. FRXOER LR

HEBRILEWII T HREROVFIL, EELTEK X - ETRER 7220
BEORYT, BEXIEHAROMEICR SN TV, BABEIO/ NN MEEICKITTHECH
FIRENOZE, LRTa8h BT 2RBHADO B FERDOABEDHRFIRENICKIZY
BENH ST - T

FRXDOEEIE, BHEBRILEY OBEDOLRE L EMBE & PO FORE
DOBMITHILIHD. ki, HEBRMAEWIIL T MXEN STXBND BRBE)
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BEAMLY, BLAEUETHATXBOF + U VYEE LLBITEMOBEDP X F— VL
DOHEELHOMIL, BEILEATEMNBEREL I bo— 52 Lih 5. BILYRE
BILEATE, BEUEBEELROETEF+ ) PEE (BERER) HERRNICE
TS FLUIRUHBAEES TESBRILAWIC BV THF v U vEED I b
0—JVEFT S 2 & THRLY MBSk & R ICBIEEER BEN LT 3 TS
5. HiT, EMBENC X ZMX ETXE & B 2R 2R bS5 < L
OHREMNTHRET 5. BHMEERETLT 52 LIC X D RABRICLYORELED
BRTWEOWHEERSMITEE EAENET 3.

AL, UFOLS IHRIN 3. BEBRLEDORBIIOVTHER L1
BEIHEBNT, B 2ETIE, HABRMAY ST 3 BEEAMX LT RUZ D
BILEMIOWTONEAE L 5. E2EDOBENIE, EEBRILSYOWHEAERT S
OOERT— 5 ERMTEI LiCh B, BIETIE, RBOERSE WEFR (5<
VBELEFRATIRRED . RUOSROBHARIIOWTE LD S, F, BAELUBOSR
RTHVIESPHERRL CARETHYT 2. $4ETR, HABRLEWIEBIT 3
BEFEPRTF— VBIck B+ + U P BEOBEVERARN RN MU LRELS. 20
RELVORERLBEZ TMXBE 2HOBA A, SHEOEA AL LHEDREIEY
IKTBIETH 4 U YRELHMTE B2 LERHRRY MLOFHH SWNITT 5. 8
4EDOHMIZL, (1) 2MHOBAA L ESHDBAA L ICLDEMBBEOE - 57—
PHICLABRBHEOENEHOMIL, (2) BEREEETHAITXBOF v ) viE
BEERRECLOHEAT2E, Ths. $5ETE, BEMNBEIICL 3 EEARTEON
B SHDTH 5. HE6FHTE, TXEOBMEER (CDW) MY, MHINH

HIZDWTERT 5. BRILAYWTIE, CDWHEBEREI T &HE. UL, HE
BRILEW TR CDWHERIX, RHIATIVIL. HABRIAWICH) 5abENOE
SUEHR Lol MO BEREMRBO hit, BELB S ANISFF A RERBETHY,
B2 K, +ABRIIL TV, ki, BELBS A AN IS FA RTHRMZNh S 2
T ) VST UBMELARY M UiE, CDWOME L HEEEEERE > T3, EAEIRL
BYICHBNT, 274/ 0T U BELSBNS M AWE LRIV IE &Y
O ECRMEEBMER M SN ZMEEN ST S, BTHTIE, FRAXOHRE
BIET 5.
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2. EEBKILEYEEBRT EBBERRBRY A AT F4
FEERBANITFA FOMEE

AETI, HEBRMEYOBRERTHILBAINIYFF A RRUBBEBY 1
HANAFF AL REZDA Y F—H b= g ALEY BRLEY) IToWTi~5. K&
DEMIE, EABRMAYOMBEERL U TOTLEMXITONTOWESE L, HE
BRI OYE A RS 2 oD DB 844 32 Lich 5.

2. 1. T BBEBIV A A Na¥F+r A4 RRUZDBEILEW DN ENITHE
(FEABREZRT MRS UVEELRRY PV 1220 TE ED S, REARY MV S
RELONBTXDF vV YEED 2V EEBBLSBLE 1AL 0OF v U YHIL, #HE
BRICEDICEY BB BROSBRICAL OGNS, TX05 v EILOERE, EAE
RICEBITBY BRI T 2 EMBHORBEERT SBICHVS. BT, HlHT
PRB/EBERIES A VIS FA R EOBMILAMICOVTENS. EHNBHOEMNS
BIC X DB TRBOBBEHABRILEY & KT 5700, RSP S < L HELOKE
ZZITHRRA. 2. 2. T, MX{EEHIZODWTEELTEAA U MOMELIZEEEL
MO LT E &S, FIZIEMOMEIE, MX(LAH OB TFEBICRBaNn%. 128
ERBRIAWITET AMOMEIL, BRHBEER - FRICHET 5. HABRILAWOMX
JEOREE X ARG f LR U CEBRRADT, MXIZEH 518 FER LMBOBRIL, #E
BRILAWH OMEF OO PRI EATE 5.

2. 1. BBERIFA OIS F4 FTXRUZDOEBRIEESHOHUE

BREBIAANTT H4 FTX L, BEESBEFTORE )V Il VIETFXDEN
ETHhORAVEABELXBAER/BREEE L5 [1, 2] . BABERORKSE, ¥
Uwander Waals JiZ k5. TXpid, W D0 DHEREZELEZFFD. RENLTOEX, TRERTIZE
ETHXEFY, ZAFERICEETA1TH (K2.1(a) & ETFTHEWMIOERUHI-=AF
ZER &5 /\RMEIROEE % & 52HF (K2.1(b)) TH5. HABRILEWH TR,
IR2HBOBEERIF T 585G (NbX,, TaSy) EI1TAZZIERIFL THSHE (TiS2)
H5. B (van der Waals¥ v v FEEFH) 12k, TAA Y BEPLMBBEELE [3
, 4, 51 RUE A~ DIVA RIEHE [6, 7] Y, AZH, BRILEWEEKTS (8] .
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2. 1. 1. BBEEIVAMHNITFH4 FTXDHEHE

BB EBS A N3 7F A FTXACBT BB HHMO#HES IS . BEAHROMKE

® i+ O smr

(2) 1T-TaS, (b) 2H-TaS,

2.1 BBEESY A HVarF 4 FORERTHERS
@) 1THEE, (b)2HMEE. Z I T, TaS,%HlE L.

DEEXZRBLT, BEHA(CH) EZNICRESE (b)) TOBKEZEEE o,0, (b
5VITESEIR) 3, BHERERTS (o,/o >10) [9] . ZORAFNETEREE
i3, TXHOBFHBEN2RTHERBELZ L2E KT S, HE, BRAETFRIEAT
BRRER (CDW) B, 1T-TiSe;, 2H-NbSey, 1T E2H-TaS,35 k1T E2H-TaSe, T
REXhTW3 [10, 11] .

AL TWMOFD WEABRILAWIL, TiS;, NbS;, NbSe s STNITaSEEET1L
BMTHB. ®->T, COABBOBBEBI A ANIY FA REFLIIRHART bV

T2 U BELOFERIZDOWTENS.
1T-TiS; i3, R21@IR UIcHEEZED. 1T-TiSiE, N2 FF + v 7803 e VO #E
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BRRNYEKTHS [12] . -

Nb & Tald k12 i iR O VARICE L, %n%md%_ ((4d)®) ES5ddE ((5d)*)
IABE 72RO, NbX,4-TaX, (X=S, Se) i&, HCELILET Ny NlE AR
D [13] . NbF7(3TaDdHEY, LEHEEKT 5. HEERILEVWOEREEE, T
FHFOAINY FOBEFICL->TRI - THY, BEERTHIEREES A )NV aTF 4

DERILEH EFAUTH 5.

—%iZ, TaXyid, 1TRY 7 A FICEERT 5. @BE O REHE TIRER2H-TaS,;
L2H-TaSep i HE@AL LISL. 2HANY, 1T-TaS, &L1T-TaSe 2 /F5L L T & BALEE £ 4T\ B
HICBUIER) 74 TPEEBICL - T oS, NbXyld, 2HARY 714 T DANE Sh
5. 2HEIQIEF TR INVF -, ITRADIEFIXIVF-LD K, TRV F—HI
i, CHRY 74 FDIES T, HRALPT [14]) | 1ITRY ¥4 FEL2HEY 414 713,
BRIV TRVCER S, EERO 4 BE OF TIT-TiS; L2H-NbS LI 2 CDW
EBS, BllXh T3,

BB S LTENZE0h, 2H-NbS,(T.=6.0KLL F F&E), 2H-NbSe,(7.2K), 2H-
TaS;(0.8K),2H-TaSe,(0.15K) ik, QMR UIEBEELT TBIZEIREICER T 5(8].
(a) X7 bV

2H-NbS,, -NbSe,, -TaSy35 L F -TaSe; DG A7 h Vi, Parkins il k - THIE X
TS, ZO4DDBBEBS A HANIATF A FORFARY MUk, N NEEOE
PR KB LTS T 7 » A VERLTNS [3, 15] . 2H-NbSeyid M A & 75 Fikk
DIERDFONSB I, EFENIERE AR MVOBIIOEETH 5. ,

REBOR/MNIE D (55X v V) TRIVF—L, 2H-NbSe, Tid#leV, 2H-
NbS,T1.1eV, 2H-TaS,T1.3eViE[E T3 5. Drude-Lorenz &5 )V (B 3ETHNRB) %
i > 7O ERBVILIEITIC L D2H-NDS 0,00 75 X< REIFIL, 3.9eVERFED Shk [3] .
COEEFR—INVAED SRDOSNTNWEIF 2 U VPEELSF+ U YOBEREE T
Lam EREHEINI. T2, meld, BEFOBEERTHS. NV FEEPBEWIIMT
WB D SIZEH DIEMTEDHHEE/ ok’ « (m')™? H2H-NDS,, 2H-TaS;iZ bW TAE L N
TWENTH5S. - T, ZOAMHEEDMHE(L4m)E, 2H-NDS; &-TaSyilB T b dH
PRERVIOLELOND. COHWEROME, APETLF+ ) PEEOREDD
IKERT 5.

Julien 5 (3R EEEZ TIT-TIS;OFNRH AR MVERIE LU [16] . HiRICHT
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BRH AR Y IV AEDudee FIVE A OTHEN LR, 75 X< HE8# w,i3, 1200cm-!

(=0.15eV) ER#ED ohiz. ZOfIE, F—NFROUE TRDI:F+ ) VY EEHGE
U775 X< RE B EFIE LIsu. Juliens &y i Sudharsanan & & 1T-TiSo 0 [ 41 X <
7 PIVEBIEL TS [17] . Sudharsanan 513, o,=8410cm?(=1.0 eV) L RIZ D4R %5
% TW 5. Sudharsanan i3, T OFEREHLSPRSOTR FOTIS IZEF TS &
ZZTW5.

RER 27 MVOMEN SEE XN/ REFMIONWTIE, F4EDTICHE

BRRIEDCBT LBMABBO LI A THUATS.
(b) = UHELARZ bV

FI2HARY ¥ 4 FIC DTS, 2HAE Y ¥ 1 FOEBBIL, D, THBh 5,
FEBEIFORR, THTO7 + ./ Vi,

C=A,+2B, +E +2E, +24, +B, +2E, +E,, (2. 1. 1)
DL IAFIND. 2D b, clHEAVCERABELEE TS v VIEHAER L, Ay,
By CE OXFEARFD. BEBRE XD BFERICKIT S Iy FOE— 7 REIF O
BAER2UTT EHTEH . 2H-NbS,; T, 309em! £379em? LI ZNENE,, AT + /
VE—- FREBEN S [7] . McMullan 513, #3lemiTEL £— FERIELTWH3 [18
1. F/, 260cm A HNILTTa— 2274/ 52/ Y Fd 5. 2H-NbSe,; T
i, 29.6, 230.9%Ur238.8em iCZNENE,,, AgRUE, DT+ /) VE— FRARHINT
W3 [19]. 27% /Y58y i, #180cm?! (AEEIGFWHM #50em™) % Hul

ICRHENS. ZO2RT7 4/ NV ROWBER, 174/ /N0 FOBEDORFEET
HY, MWOBBEES A HNVIHN F 4 NIZHTHED. 2H-TaS, TlE, 27, 286K f400cm”

WCZNZNEL, ELbEUALDT7 4/ VHRMENS [20] . 195em! £l IEDIL

W2IRT 4/ Ny KOEHIXNS.
W 2IR T 4/ Ny ROFETER, STk [21, 22] THREIhTHWA LI I, BB
GBI AANIFF A FICBIFACOWEREBERHE. 2KRT7+/ NV FOBE

D, KomBEE— KDYV 7 MEAEFIESBITOEFUEZEY(Q ollBEFELTHE0S
Thb. ZIICKohnEE LB BTFHEMER GEaER L7 5) 1T XD EH2ksD
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T4 ) L ORBH PRI T B ET, BI-HTREAREEE UL (@=0) L0k
B0, S BERE - T

o, =0, - 280, x(q,0,) (2. 1. 2)
LEED. HABRLAWICET S 2K7 & / vy K EEHBER & OMls X OHA

BIRMLAWIC BT 2 BAEEIHERDIEICOWTIE, ThEhE5Z LB 6S TSR
45,

ITHEE (SRBD:) OLAMORFRBIOEE, TH k=0) TOT +/ it &

MEBUE > TRO XS I3 XN 5 -
T'=4,+E, +4, +E, (2. 1. 3)

BHBERED 5 < VE TIA, EE,OHERIED 7 + ) VBT S/ 5. =, 1T
TiS;DF <V ARY MIVT, Ag®— NS, 335em1iZ, Ejp®8— FY, 235emiC@illxh

7z (111 . 2Ny FOE—ZBEMOEIE, D 3 >DEW DR L &b icF2.14C
FLH5.

F2.1 1T—<‘:2H-TX2 (T=Ti, Nb, Ta; X=S, Se) (ZEiT 3
ST UEBIE T 4 ) VO Y— 7 BB AL : em™D)

o REIDRER

A1g Epgl (Eg) Epp? ~ two-phonon
] ;MiT-Tisz [11,23] 335 235
2H-NbS, [7,18] 379 309 31 ~260
2H-NbSep [19]  230.9 238.8 29.6 ~180
~ 2H-TaS, [20] 400 286 27 ~195
2H-TaSe, [24] 237 210 23 ~140
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2. 1. 2. EBEEBIAHINATFA FOBRULEHOMHE

BBEBYAANAXFA R, ZOBEIIVA IEELT EOFBYEE 7138k -
B HROTAAYEBIEENBAINT, BRELEWERKTS. GG TFOERLE
YT, BREIOESNA vy —HV—Ya iZEDIR KRS, —H, TIVHIVEEEI
BREBREBAZINIESIZZEEBAA U OTXATHERFUEAY I D 1 HOE I
Z MliCBEIT 5. _

VIEICE Y 2 BBEBOEE, I TR#EEDBRILEYTIE, —RICCDWHHIEEBED,
BRXN TS, LHLENS, BESEBIBANTEZAINRY, RETOESEZEERR
INXL B, —F, 2HEIOERIL-5TId, COWHIEBNHERLTWSHb D IZEEE
MHEBIERAINTWS. 2HBBEEB VA HNVaX 4 FORBRLEMIZ B TCDWH
EBBMEIINTNS SV BRI, UTOLS KEEIN TS, BRBEICE > TR
BEESEDA 2N FICEFDEAINT, 7o)V I8AD, BEHREBEEDE)DOREZNE
ZANSINENEZAIIBETS. FNWA T IV IHADRRT 4 V7 TEBHEEN, B
PH U IRHERT S EEZ oD, ZOMRICKD2HEBRELSYWOCDWHER I, M
fxhs [8].

ZCTRBHLAERD LI 28 HIE, KRAXOFEETHIEEGBRILEWEEH
{LEMERIZTIENTE, 17 —H5 2 MOOORENOBMBENEXS, £33
27—V DAY H 5, BHMEBEEFHEESIRHIINGE L0 LRBEASNRNWIEZE B0
HTH5.

2.1. 2. 1. FAYOEREESYOHE

BB OBBREBS A ANIFF AL FADAL v F—HL—Yavid, EVYDY, 7
ZY U E (BERTHRERETH XV 2 BEEREICHTSIXT v FMCHAL200
CTEECALUTHHERKEST 5 &ickvBE o5 [8] . ARG FIE, AX MOVan de
Waals ¥ v v THRICBAIND. AV F7 =T FOFTFEINNIWVES, —RIZEDH
FOMBUL, BIEATICN DD, SFEOHMEHITMBIT, B/ UTHTTRCA
D ERIIC, IBIFRREIZS. W2, 1T-TaS, T, nA 2 ¥ FYIL7 3 v (n-octadecyla
mine) PEEICHAINIEHE, BHEEBEINS TAITHRS

(a) EBIPART bV



BE

BIHED VI —H U~ a VITkBEMIZ, RN - BEAES EO B ETH
NONTNS. JoTH, RENZARY FUZOWTE ED S, BEA L I—HL— =
VDN AERA T, EREFATNS. BRI, ZOWEIRLETFE b, 20
re DS TREBIESICA 4 ALEh, BB FTAORHETFE, *X FOTEHTO
ANy REBBUTET Y KEHET. £V 57— - V=Y a3 VIZXAETFOBET, &
Z b (BBEBSAANITFAK) OB FlEIE, BHLED. AV F—HL—
N BRI S TH L ERBLSBETOINY R ESEFTEE XN TNEDT, B
BEICIDEFEIOTOWARLESMRL LF vV ¥ CGh—) BELNBA TS, 2H-
NbSe it 4 ZRMN K &S 7 B FUENT I V%A V7 —H b— k LB A ORBINER
BH~B E (R2.2) (257, HBANEDSR/NET B TRVFE—B, 0.20 50.3eVIRER
PFBIETE v ) PEEOBRIIRERIN TG, HBINZRY FLOBHH 53K 5

------- S raFaELT 3 /%4/& nu—}.
L 7z2H-NbSe,

2H-NbSe, ,"‘\ o
7 - 4
i \ b "
’ ~ -
4
1
Fi

ABSORPTION

ENERGY(eV)

(2.2 2H-NbSe, &~ 7 uFu N7 I V%A 57 —7 L — b UL722H-NbSe,
DB Z R ML [25] .



e

NINbOZEFAOEHBEIR L, NOVET 1470 FH0.20 50.5EEETHS. &
FBENC XD HBF v ) YORDIE, BESFHICOHELEA 5. BHBEICLVBI
HEBBREIMET 5.

K220 E—7Al, d D oRIRIVF—RDO/NY FAD/N Y FEBBISHIET 5.
COE—7 DB RNVF—U~DOBENL, 1V F—Hb—YailiDd2NV RDK—
VEBORBY (EFHOMN 28K, BEMBEOFELZEMITNHS.

(b)) < &EL

BRSFEA I —HV— b UICBBEBS A ANITFHA ROV ANRT PV
i3, Tsangs, F5 S, RUKITOICK > THIEX A [6, 7, 27] . JEEAHEERAPA
VI —HV—Ya YOBRTRENIRITTHEENRANGN.. T oDWRIZEEBT 5D
i, BRICBOLTEBLAYOTXEDE AIRBIEE — N OIREIED, RO Y
52— FEDIEIRNF—T T FF501I0 LT, AE— FOREFIZ, KXW T b
ERIVNI ETHD. TXoEHBS T LOBOREITK D 5 U XFEFREIC & 5 ERH
HEERNED S, TORRBELEAF HEEEATBTE—XA VMY, EE—F
DIREHE LiF 5 cnEtEZ onhd [7] .

2. 1. 2. 2. ZIVHAVUELE, SAEBRLSEDER(LEHOHE

Bt &2 ESd 258, A, TAWHYEBEL2ESUEKEEICKRX M
B (A F XA EUTHEICBY TERERTZ S CHETE 3. BohErte
HOBEIHEDOE(IE, HEHAPBLENOWE THN SN TS [3] .

12213, TVAHVEEABALLZBASICOWTHENS. TV Y SEBORNFESHL
BOBFE, BBITHEI MIOANY RFIZBBIT 5. £oT, KX FO2H-NbSe 3 &ET
EIRBIR ETL B0, KNbSe, Tid, BzEMIIEKRT 5. x=1D84E, §73bH, KNbSe,
Tid, FEERENS.

(a) A7 bV

BB EREA VI —H LV — NUKBBERY A HNVaF A FINDS,, NbSe,,
TaS;) DR ROPFELL, ParkinS il & > Tirbh 7z, #5613, Drude-LorentzE 7 /L% L
TRE AR MVEERIZBIT U, TORE, BMrSBSIBREEO OB, KX b
TX,OTEF OISy FiIcBB L4FE 135Ny REEHTHRF+ Y YERPIETWVS
T ERREDDIL. VECIDA vy —HL—Y 3 ViZkBF ¢ ) YEEORDIEX, MnPFed

__-19__
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AV F—=AV—Y a Y OHEITHNTRE, VB, C+pMn?, Fe* DD E Vi
LT, Fh, KHBORMIGEEORITD O+ ) YOHWERYA > 5 —4 L—
Ve VEANWEBADENERL VNN EXGD T, ZDI EDSIBBRELEBOE
BULEci, By Oy RNV REFINEABEATERNWEZZ NS, 2T, Y
Yy ENYREFIVER, SR MTHETXOBFHHER, 1057 -Ab—Ya ViZ
Lo TELUIEY, EWIREBIRETSEBRXIFTHS. ZOETNTIR, EBHIrOBEL
TEIEBEFMREFZED LTI TH 5. :

(b) 5= il -

AgsTiS, EFe1 4 TSey(T=Nb, Ta)lc> I TD 5= LY HEENTbh TS [5, 27] .
AgTIS;TiE, BRTT S XN TNBALEE— FUNOH LT oy Fit, Sighl
TTHRAUINTNWS. ChoD/NU FE, BOA LV Fy—hV—Ya X5 BEFHER
iz & - TBrillouiny' — VHMF OB SN THEL ATV ELE— K EEZ SR T3S [28
1. SO SOBMBEIC LA LEE— FORBNS 7 M3, BESQTOEL.

IR Fe 4 TSex(T=Nb, Ta)ichbi} 25TV RN MLV y—HL—V g vick
D BHARER2ZH-NDSe, 0 57 VXY RESMTEH L XY KRR RHIN TS, Zh SO
Liwvsy Ry Brillowin/ — DI H R UIZ L B D EERIN TS [5] .
Fey4TSey(T=Nb, Ta)DEE— FOIREFUIL, W9 5 BAKDE,, T— FORBBULNTH

IRNVF—YT T B, AE— FORBIEIZ, HIETERBEDA T~ FOIREIF LI3T
A UT&%. PereiralLiangld, ZOBEMABMBENIREIETHERL TS,

2. 2. EBAHINAFFA4 FMXDHE

BEEBRILEWERKT 5B AN IFF A FMXiZiE, SnX, PbX (X=S, Se, Te)
PHELEAN T FA FRX (R=FTHIEE, X=S, Se, Te) BASHN T 5. HABRIL
AWETIR, EBANIFFA FEBMXIE, FAIZSERREE D 00) BIFATIC 2 B T/E
IO LIBT, BBABS A HLaFF A FETXOMICBAXIN TS, EAERIL
EUTRMXD STXAEHMBETS. EABHOBIZIR, SEMOMEY, EETH
3. MOBELETEROBE I, MEERXOK FERIC 1t 1 ORERHB. 22T
i3, MO S TREBIZ DV TBN S, | |

PbS, PbSeid, HERMEDLBHKT, NV F¥ey TEHKL, TAUF
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Fp v FHEK (narrow band gap semiconductor) EFEENTU5. SnS, SnSeit, ‘AT
BEAMOH T HROERT2RILE BRI EFHOBROIEY (L8EEK) THB [29
1. 727220, SnSe#FMEiL, FHER LB, PbX (X=S, Se, Te) T, —4FH7-yhPb
DENRIC A ET, XORNKIC6ETHET 5. POXid, HARREOX> A4 v &2
Wl X oA HOPOY A A U S RTINS [30] . Pb, Snid, {L&HHT (MXDE
TiX) 2MDIEA A Sn?t, Pb2+ 755 Tivh. PbS EPbSeDEFHEHIZ, £hhEhs5.97
L6.14ATH B [31] .

RXDfER SR, SEABEZRTH, REKOUEOE FHICLVEBE X
FFEOELSITHIED S 5. RXiT, MEFEEPEBE-LEAEE (REMIL SmS)
DOHEBEFIIHIEIN TS, HlZIE, SmX(X=S, Se, Te)TlE, SmOHETDOER (£
AEHBI=005I=1) OS5 VEEARWI RE V- SLEHEERR EOWE L BATDH
5 [32] .

RXNODORIGHED, R*OFEYLEBARTHD, R*FIIEESIRE R¥* LRI &P
IREL TOWBRE) OBEEBTHS. FIZE R A UiE, #hEFhl1fEns18
HETD4 f PEOEFEEHTS .

Ce3*+:(4f)l, Pr3+(4f)2, Nd3+:(4f)3, Pm3+:(4f)%, Sm3+:(4f)°, Eud+(4D), Gd3+(4f)7, Tb3+(4f)8,
Dy3+:(4)°, Ho**:(4)10, Er+:(40)11, Tm3+:(4f)12, Yb3+:(4£)13.

ROMEUT DT, BAEHDS—DDHEEEELS. R2.3IXDSE /cidSeD kD
FRBOZAEEEIREF, SIS TERE L > TRT [33] . ROEFEOHMIC
o TRTFEBDEYTEDIET vy /4 FIkEIC L5, K2.3T, RHSm, Eu, RUYD
DOF, BTEED, ELULEE>THAS. ORXIZEWIR*THEDIZL, Zho
SmX, EuX, YbXiZHUvTid, Sm, Bu, YoIZEETTET2MAA L ELUTHEEL, 2
SDLEWITNBUR L0 5. K, BEuSTILMmEN:, EuSeTid 3 BEIOKERKM, EuTeT
SRR A RS [34] . Z ORI, RXOBKHHE - RFiER, RITCEDHETFIC
XBIN B [32] . 5T, REEZOMEEMS Z &1k, RXOYEHEHEEHET S
LTEETHS. ROMEEMBIDOFEELT, R*OBFS v U EELZFIATE
3 [35] . R*QAFBAHRMNFHICKRD SN THWT, ZOBFREBADFIEL RIVF—
o< VEELTRNSE Z 0 HK 5.
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RX

2.3 RX(R=Fr LBk ; X=S, Se)DHETEH [33] .
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3. WABRKLEMOR - TH - FARHIKES 7 #
51K

FETIE, BEOEREELZOFEZ UTEREZOBITICOVWTHENS. K&
DHIKE, BAEDUBIIHRNBHELFRBPRMES - BITHEREHAT I EICH
5. 3. 1Tid, REOEMABICOVLTHRY, $< 3. 2TiE, FRUARBOHEE
BIZOWTHNRS. 3. 3 TRAFETHW - EREE FHEFREIIOWTHBR~RS. 3.
4 TIEEROBIFIC AW FEIC OV TERT 3.

3. 1. ArRMERIAE

Z3 VAP RIHER LB o—E2Rd. Z JICBTF R RHIFE— DA TER
L7z, BRFIE, BELLBOTTIVI FOMREEE NEROmMmAEESOmm) (ZEEImmD
#1 v FIVEREBEMT X S IIARSOMmOBREEE 2 RANCE L., BERHEE, Sos
SITNVREIY bO—F =% > THEEERRX AN v F VIR FOA VA TIZL>TIT-
7z.

3.1 FEICfEA U as

(RS)NDS, R=La, Ce, Pr, Nd, Sm, Dy, Yb

(RS)(NDS5), R=La, Ce

(SngLag xS)NbS,*  x=0,0.3,0.5, 1
(PbyLag_ S)NbS,*  x=0,0.4,0.5, 1

(MS)(NBS),, M=Sn, Pb; m=1, 2
(RS)TaS, R=La, Ce, Sm, Eu, Gd
(MSe)NbSe,* M=Pb, La, Ce

*ERf RN, BELICEBTH S.
ERIZAWHES BRI S oREHS, LK HHE % (Chemical Vapor Transport)ika



EIE

AWTE# U, SRELTIIRT. AN AET 7V (SE18mm, WE
1.9mm, BX#180mm) DT, B (BEE9.99%LI L) DitHEA ENLTEEMBE
EBT:HN Y X=113 (X57—T 1), 1148 (R5F—V2) EUBLIIIFELT,

WA DI TE (Smglhe) LEBICEETHLX -/, HUUYDOBOEZEEIX, &
5x107 tomEBETHS. CORETLILEBEI L -V UEBEFICH 1A A
WTHW e BRFOBREREILX, SBLEMOBHRICL > TRILS. M)iSn, Pb, BiDi
&, BEAEH, 850-750°C (ERM-EEMAD L1705 &5 1TRE L. MOFLETED
54, BESRN, 1200-900°CE735 EHICRELI. KX UEBICEREKEIY DS
&, BENS EICERBERELE TR ST VRET Y Fo—5— THE L
omELi. 7Mbb, Wk (BES.5°C #$E119°0) , 2V (@hE220.2°C, #bA
685°C) T DMMDILRDOBSE L% BB T 5 & ITIRE LR RBGEE/EE) 2MA T
EBBISRIEFREIZER LI I L. BB, flé LT(SnS)NbSZOJEj’E%é&ﬁf:. #

mmf E XA umDFRDFERD, £ DHABEIFOFEMEHIEV NIRRT 5.

'ﬁé@ﬁ&A%@ﬂﬁu SEHRERLTIS. Hh, REIHEOBY, FT
kST, 2 ORI, HROMME—BTS. K321, ER0EOFEMHTEER
T kr BMCABTS 5T LERRLTERI, Willr— 71 ETRIENNT < &
Ak,

3.1 HEAEIRILED(SnS)NDS2005}



K32 HARBERILSH(PoSe)NbSe:DBMSE S EAR (2 045

3. 2. A™OFHE

AEOFMIE, XEMOir (EEEERU200 PL) LEFRTo—T<A 707+ ¥
Z (EPMA ; HAE FIXA-8600) %ff - TiT-72. K3.3 (a), O)IT, TN ENEMMsLa
<S)NbS,(M=Sn, Pb) & (MSe)NbSe,(M=Pb, La, Ce)DXER A (00,7 — %73 . K3.3% 57
5&, EOHEESO0DDHENHEICBHINZ TV 1 OEARBRILEYDIKE L T
LT EDHERTES.

EPMADHERM S, F¥ & L THW SEERDOITEDA D SR BILEMNERINT
WBHIZ EAHER L. EEMMTOEEYEE LT TN R 2UIR UL EZFEHL

7.
BT 5 2IRXERIE, £ Fhla(Ce), Pb, Sn, NbIZH U Tid, Loz AL, S(Se) ikt



INTENSITY

B3E

T
(002)

(003 )]

(004)
(005)

(006)
(007)

I !
(a) (M,La,  S)NDS,

~—

o0

g
l (SnS)NbS,

(Sngy sLay sS)NDS,

L 1

(SnysLa, ;S)NDS,

2 |

(LaS)NbS,
1

9

(Pby sL.a sS)NDS,
L

L (IPbS)Nbs2
LA

20

40

60 80

20 (degree)

3.3 Ea RIS DX EH /Ny —
(@R & (M, La, ,S)NDBS,, (b) (MSe)NbSe,.

100

INTENSITY

(b) MSe)NbSe,

#*3.2 RHUEMNRYHE LFEYH

ST HR EEYE
La(Ce) La(Ce)B6
Pb, S PbS
Sn, Se SnSe
Nb Nb

i I i |-
0 20 40 60 80 -
206(degree)

100
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&33 BFETO-TX42707F U X (EPMA) Tk MRS
((SnyLaj_S)NbS,), (Pb,Laj S)NbS9, (PbSe)NbSe), (LaSe)NbSep)

(SnyLaj ,S)NbSy MMM La:Sn:Nb:S — H5ABMIARH La: Sn: Nb: S

x=0 1.09:0: 1: 3.24 1.14:0: 1: 3.14
x=0.3 0.68: 0.29: 1: 3.07 0.80: 0.35: 1: 3.15
x=0.5 0.49:0.41: 1: 2.89 0.59: 0.57: 1: 3.16
x=1 0:1.06: 1: 3.05 0:1.17: 1: 3.17
(PbyLaj S)NbS,  #BEREE La:Ph:Nb:S HiAB# R La: Pb:Nb: S
x=0 1.09:0: 1: 3.24 1.14:0: 1: 3.14
x=0. 4 0.82:0.60: 1: 3.35 0.46: 0.68: 1: 3.14
x=0. 5 0.66: 0.57: 1:3.25 0.57:0.57: 1: 3.14
x=1 0:0.97: 1: 2.63 0:1.14:1: 3.14
(PbSe)NbSep Bk Pb: Nb: Se A AHELEE  Pb: Nb: Se
1.19:1: 3.02 1.14:1: 3.16
(LaSe)NbSe, #AELEL  La: Nb: Se tiA BAEEE  La: Nb: Se
1.01: 1: 3.64 1.2:1:3.2

7234 1EHLU 72EEBOXEREH 1 53R 7= 8 5 W o 1 I ERRE.

Atk HREERE (A) XHkE (A)

(SnS)NbSZ 11.78 11.761
(Sn0_5LaO-5S)NbSZ - 11.65
(SnO.3LaO.7S)NbSZ 11.55

(LaS)NbS, 11.50 11.52
(Pb0.5La0_58)NbSZ 11.65

(PbSNBS, 11.95 11.90
(PbSe)NbSe, 12.53 12.470
(LaSe)NbSe, 12.09

(CeSe)NbSey 11.99




EIE
LT, KRR 8331082 DB LI BOBHT 3 BEPMATR® 7 UKL O#

BAEFRY. fHASE LEPMADKRICETOARA—HDR OIS, —I, 72 7ILHOE
TOERY, KiEUTHBLIND D SN, ZODFMC L > THASMEEE TS
NBIEBHB. OTHERET B DERINOTHHAOERESH IR L)%
TROBELHEDD 7z |

XREFHE R SEH U IccHA O K FEHT b b EMOER (3EOR— Sy
FEROFIME) A3 40E Lovle. FRHBEED, BERIORBNIOWTIE, Kb 55
AU EESE CEE . LaoBEoOMMnc e O mEEHS, BB LTS Z &N
bIB.

3. 3. MEAHE
3. 3. 1. STUHESK
3. 3. 1. 1. SYUHEORE

52 RELOMES EAEBRRBIZKTL-T, 77U HELOERE, < &ELomt
S IR TEET3 [1, 2] . S CClREKDS < &E, Thbb, EEND
R X B IOIERPEHELL I D 5 .

52 BELOBE I DB HFE (RFRLCTIIRFER 7 + /) V) 13, HELARICE
i B EEREF D Brillouiny — gty (T, k =0) FEHEDE— KTHS. S<o¥%

B0 S, THREBDXET + / YOI RIVF - @ VMRRETH > THIETE 5.

4, BEREBB o TEENOEFNRE LTS 0L 5. HTORENC XD 53
R, KHERITT

@ =0, +20,c08( @,,1) (8. 3. 1)

ERIND. Tlilay, ol ENTOUEFREO LWGEEDOSHER LR o, T
AT BAMEDRBTHS. &I, E=Eycown) TEINIEHORSEL TS
BAICAHY 5 EPBTF-E— A > M3, P=caETHEZONEHMS
P- [, + 2a1cos(wpht)]ﬁo cos(wt) = aOEO cos(w t) + aléo{cos[(a) -, )t} +cos[(w + w )]}

(3. 3. 2)



WBE

EV) FRIBFE—A Y MEEU S, ZORHEICKET 5B FIC L DL EH
5. BUEN G, REMoD V1Y —HEL,BHSH, F2H0 SR o+ 0,077 VH
ELOBllEn 5.

SBEalE, — TV VIVETHY, Pit, AMDLOBERY MVEE LTS E
P=aETH5. ZOMBIZLZHEDEDERRY MVE L,

¥

2

. Fx Ll

‘q«;x—jgt- (3. 3. 3
THEZoh3.

I, BUBFOSBIMUTHBAENDAENY M Tr=|f|TH
3. [FRRICARRIZ X BSOS,

2

(3. 3. 4)
THEAoh%. EBRBEOBMEEYI)DIXNVF—DHENE, R 074 IR T MV

S@t) = (c/4m)Egx Hy (B; = uH, = Hy+4aM ; MI%, BL) ZRpIE L. K10 74
IR M VDK E XSO,

2 | d°P
S@) x<|E| x|rx(r x
O | «Fx¢ dtz)r

(3. 3. 5)

125, E, Fx(?x-‘it—f)ﬁr?ﬂ@iﬁ'\‘? MLRE, LB &

ap .|
dtz 'es s

S() =

(3. 3. 6)
EESRA oD ASHEHO (BAD 7 blEe LU, ASEORBORMICH
7o o TEREHS Ui FaEsi,

S « w*EYe, - a(w)e,|

(3. 3. 7)
EILA. —RRICHEDSREIR, S<UT Y VIVRERNT



CEEs
1«|E RE[ (3. 3. 8)

DRICEIND. T IT, E.E 3, ASHLEBEDEOBERY MLTHE. S<UFy
VIVDE ML, BB T I a DT 5 Bk OFEEEEEIZEE 3 5 1 M esld
5. , 7 |
STYFUVIVROBSL, BEOWNHREN GXE L. ST UKELT Y VILORS
13, REFOHERKIIODVLTRO LN TN [3] . ZOREANT, EBIIBONSR
W2 VAR MIVEBRICEL A S FHINSREIT— FEOMENDIF S 5.
WA BT THRAERAD. FRLICHTL 3BBERY A HANVaX F A4 F2H-TX,DZER]
L, Da*TH 5. BERIE, HROcHEZziiic L5, BE2H-TX, DT < v HELRIE
L, BRI Th babfEANIERABEEBETITONS. REXT bL%Ee =1, 0,0) ,

6, =0 1,0 533, Ay &EL ORBHORBIOS < L BET v VViE, Theh

a 0 0 0do
R(4,)=|0 a O, REL)=|d 0 © (3. 3. 9
00 b 000 .

THZo6h5. ZZIg, a, b, 0OTRWS < VHELT VYIVDERTHS. 4B ELT
At DWTE, REAFETEL0EHD. #oT, ZORAEETS v URKELEMEL
THAGE— FiE, ®wHZNOZ. —F, ASHE EBELEDRERT PIVDSETDHE (
&l e & =65=(1,0,0)), &Rl 0LMSI. Tibb, A0RENE, BHichH

BT EDGID. 5 BEOREREIHET 3 IR > T 5 SUM TS SN
IARBIDE— FORBETTS.

3. 3. 1. 2. STUHIOER

52 VBELDOWELL, ArtA F v L —HF—D4800F 72135145 & % FiEEE & LTS
fo. BEGE, FTNVE) s 04— — (FAFEE0.85 m, [EIHTHST1800 linemm) %
DT L. SDESNABEDL, ERFART (CCD) F7ibE FHMsE (PM)
EHOTRE L. ARZ MLOSEEEIL, 48003 2Ffc LB &3 584, ¥Wiam! TH



B3E

%. £EUT, CCDIZ, BHL4250em 1L E OIS U THEA L. 250cm 1 LI F DI
BEEBOMEICE, REFREELH W KEOREIL, Heh X 2B L3 575
H/NRIA RN OBV & — 13 A EE L10KRED o JilE U .
WELX, abmict UT#BHARERETIT->72. BRICBI 55 v BEELOHE
3, 2BEICAMNS. —Oi, EELHEE, AR LS UEEBIETH 5. B
B < BELOUEREICIIROILTEA NS, BEAERERICHD, BHIHLT
FENORBHED D FHEZF EL, REDSEINEHMEUZ EXLTB)ET
5. X, YAMIZ, ZNENEREIH UTKFLRAFMEEDD. 5V HETR,
k. @, 6 )k, (3. 3. 10)
EVS BEHTIMEOEREEAXST. JI Tk, k, &, 6,1, FNENASEDETH
m, BEDLOET AR, ASROREA R, SELEOREAMERT. Otk & EER
) & (¥) BAHELAREOEMEILIEIL
ZX+Y,X+Y)Z ¥£72132(,%Z (3. 3. 11)
EXINB. T < /EELTIE, FZRXFMICREEIEIOEEAS IR EDEEY S

MICRE L7 DA 2D 354, #RAREARER,

Z(X,")Z (3. 3. 12)
ERIND. KR TIE, ZhHRANE, BEtoci s Eey, X, YA, #oaizid
bl i EEE ADOTHAE

c(a,b)c (3. 3. 13
DRRIZET. T < VBELIEDBIZIE, 2XBOAFHRY v MR- (X7
ST 5—-) AEEFESMLERREICERIS. BESLSIE, B FOLBICE
T3y E BE R TIIRERNRIL LD T, ZOHBART D 1.DIRCHEE 26
FiUte. &7z, BIROBEMICHET — 7 THREAH O THELHEIOE U THEST - 1.

3. 3. 2. 4 - E4R - BARESH
3. 3. 2. 1. hfAEEHSE

FHRNERDOKG X R pIVEIEIZE, 7— Y TEBREAF S ERH .. DY
AT LTI, 4000 57000cmt (0.054050.87 eV) OFEBEHN—T& 5. FHAXRDNLE
i, BEREARALTWS. MEOZMAE, BEMREIZ0Sa LT, 4M#iEik4em T



B3E

H5.
BEBRILEMDT S5 XXy Vi, BEFRNAD SERNERICAS. T 21T,
TSIy UL, REBRINRY bOBRINIHBAEZ BLIXNVF—TH5.

3. 3. 2. 2. kS - TR - EAEHSR

RN K OETRIVF—DREF IR MV, TR - ol - A8 YL
AU, ZOMEERHT, KIED S DXEMEL £ DG NBEDONEZFBHIBH LT
ZORFERLTEARTH 5. ASHAR, 5 THS. HEER, ~ayr>U7ER
KFEZ »TEANTNS. Rl OLE FHEE LPLS) PRIFTHRFIX, BRICK->TH
BRICHID BRI o0 B. EAMRER, 1AThHhS. HENER ATHHBT3A, &
FNRTL 6 ATHS. ABFLICHIT ZHEREIE, #3000 550000cm (0.374 56.2
V) TH5.

MEL Te X IVF—-GHTIE, @Uﬁkﬁﬁb\t/ZTA@%%B&’P(&EFET&A’OD
HETH LB FEEZMET I3 TFTHS.

3. 4. EBRERORBH
3. 4. 1. BFHEEFINET 5/ VARY FPIVORBH

JBRILEWTH UTHEASIN IR FHFET VI OO TEBIZERS. 2 ZiT8l
LZETFNZ, BREBIYAANIFFA Rt U THO O, B5ETEMBHES <
VEELANR Y PVOREE Y T N OBEEEE T LBICHNSENV VR T —RETIVIC
DINTHENRS.

(a)ND7X7¢ X%?w[45 6]

ﬁﬁﬁ@%ﬁﬁ%&ﬂﬁ?étb&U?t//@ﬁﬁ%ﬁ%ﬁ%ﬁ%kbﬁﬁbht.:
DETFIVTIR, RFV ¥ v VI XIVF—1IFEEHE HEAREONTEREOEEELT
x2Xh3., —HEUTMS;DRF VY v IVIRIVF—-ERKD S, H3.4i1ZMoS,D 3 FAHER

OEBOHEOMMRERATME, BAMEELIRT. £72Y v VIFIVF—IL, 5

— 34—



B3E
SO/SFEHK, Koy Ky Ky KLERWTEZONB [6] . IR, 2BEOETEM

FLTRF VY $ VIR F—EBEXTULTAS &,
2V = K (Ar)* +K,(r,A0) + K,(r,A8)* + K, (r,Ap)’ + K2 ArAr’ (3. 4. 1)

THEZ oh3d. 2212, i, Mo-SOFEEHREBICHIT 24 TH B.

B3.4 MoS,DHiEK.

3. 4. 2. BFIREOEGRIT

BHEBRILEWE, 1ETHIRRLD I 2BEOBMXETX ) SRS
ERICEABRILEVD S < VAR MVIE, BBDFS< A7 MV OBMIAERED
BEEXL. BEBEIMLUIEEERXT, BHBARETRESN IR FIREE— F 2%

£95.
MXJgi, GBRABEI S 2ETEVNIHLALETHS. HHEO Y, MXBEEIES

g (Dan) OXBRBEEFF-> TS LTS [7] . K3 S &bk 7-MXJE O B



H3E

27T, K350k B BBFRY bVa,&b) 2B EHFHRERE T, THOD
7%/, - .
T =24, +2E, +24,, +2E, o (3. 4. 2)

DRRICABEIND. T UFEHIEE— N, 24,+2E,THED, I 7V IVEER
T5EEHBERETIE, 2205 UEHRE T/ v (24,) BERShBZ i
5. Z2D2O07 x /) v OREFERER3.6(), ONIRT. AlE— FiE, B3.5@IKRT X
I, 2DDEFNRAHICEN TSI Lo o, BEEHGEMMIIM EXDHEBDORNIIK
FTBlENTHIEND. F/, A28— K, BB3.60)ICRT&LHIC, 2 DOmHENBE
WIS HANCEALT 5. FHTEMOBRN SA2E— FOREBHY, MEXOBRBEEIZK
FT5ZLA2TFHITES. UEBEBHEOLDIN()EOGDREBEZZNTHALEA2 LR, £
OERBHEThTh o, (M) o, (M) TEY. SIHOMI, RETro@EEs&L, MiE, S,

Pb, Bi, L JLREET.
—7h, HEBRMEYWDOTX B, RBMEEROIT (TiS;, TiSep, TiTey) Z7cid2H (

NbS,, NbSe;, TaS,, TaSe;, MoS,) ZED LTI LRI URFEEICKNS. ZDEI, #4
BRIEAEHANTIE, BH—0OTX; &0 ) BATHEL, BEOFIC3 DOEFEEL. Ml
MUKRTX @A EBZ 5 EZOROAMERL, DanThb. #-T, THDOT 4/ Vi,

T=24'+A +2E'+E" (3. 4. 3)
DEHIAFIND. TIT, HEBE—FNI, A +ETERIhA 4] (2KDH5H50D1
) &, FABEHETHS. 4 GRAEHETRWE) CE"R, S<UvEETHS. 280
I 1KDEL, FNEEI DT EETH S, E' L4 DR FEMIT, ThLThabi
A EcBlTR D FRICENM T 5. RRRICITEEDSE, THEOT7 1/ id,

I'=4,+24, +E, +2E, h (3. 4. 4)
ORIZAEINS. HEE— N, 4, +E, TH5X o605, AREEE— RN UE
"HTH5.



B3E

O XETF

® MET

& =1/\2(d +h)
& b =1/N2(-G +b)

(a) Al | (b) A2

43.6 B 5 TFRISNDIMXEOBNIRE QR TEMDOERT.
@ A1 E—F, (b) A2E—F. ELFDERE, FUTRLE.
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3. 4. 3. Drude-LorentzEFINCLBRHRARY bILDRENT

AMFIBIT 5 EEBRIL SO E ART b IIVOENTIZ, Drude-LorentzE 5L %
FiL3% (8, 9, 10] . Drude-LorentzE FA T}, SBORFBISERNIIABF v YOI
ERHMENY FHEBICLZICEREHOELTEA N3, NV FHBBICLSFER
i3, BERESURBFELTETIMLLERSNDS. SHROIDITNY FHESZ
1273223, £BOEBEM(0) = (w)+ie(w)ld, ThZhRATEZ N5 !

CUZ

. P A(a)o_w)
g(w) =&, w2+1/12+(w02-w2)2+(1‘w)2' (3. 4. 5)
£y(@) = 7 o (3. 4. 6)

o(w? +1/7?) * (0?2 - 0*) +(Tw)?

DI, e, it FNENENETOTHERN L ARETH S OFEI L S HER
THD, T, F5X<EHHO, I

2
2 4dme
w, =

(3. 4. 7)

-
THEA oS m*iy, EFORMERTHS. ALwid, ThThREFHEE, RET

OHETY, RIHTORBNASRT. 2BORMNERE, FHANOBE, EEREEK
g(w) ZHNDS &

,/e((u —1/2

/s(_w_+1 (3. 4. 8)

THEZ o5, BEABRILEVDORHBOERT -7 BINICEELT, R (3. 4. 8) T
REARZ PVEBERTESLHIINNTA—F0, T,8,,A, T, ozl L THEEZRD
5. SOIEABRIAEMIIBIT 5+ v ) YEEZRETHEIS, F+ UV (F—) O
AREEm X8R [11] Hom =14m, EB0TR (8. 4. 7)) ITRALTKRDS. C
IS, m i3, BFOBIERTHS. ZOHIE, 2HNbSe;OPARHFRO BT SKD
SNIHANEERTH 5.



HIE
BBRERE1MEH0 OFR—INVEOEHAEEI JIKBXTE . HEBRILEYT
i, BESBT1IEDDOF+ V¥ Gh—N) # (UTh&EETS) 2B RTHH05
TH5. i, BEEROBI VN (dp) & FAEIEFTEEINTHWE 0 6E
HBHEIL, 1MTEI oS, HEBRILEYWOTX BOabHOK TEH L, ThTh
a, b (ABALD) THIZONTWAET S, F/:, mEESEELc (ABM) £95. TX @O
B A OTE OIS, 2HEOHE,

1
1x4x—=2
X x4 il

Thado, BH#E (1an®) H7:) OTETOHN L,
n, =2/(ax bxc) (3. 4. 9)
ERB. FIXRBEFEOMEEFSTR (3. 4. 7)) hoRDohizF+ ) YEEn L
n, &EDHn/n D, BBERE 1 MBSO DF+ ) vPH#hrLL5.
FEICEE R (0)ICRBFOENET TNAVEES RET#EA=0) %Drude€ 7/

EFELY, BHF v U VYOAIZL S RHABOBHRE EITHNSNS. N FEBBRL 7 +/
VODEBAEBATEXBESICEMELUETIVTHS.
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4. EESRBRRILEYICBITIERBHOBIT

FBIEIIBOWTHEABRLAEYTIE, MXEX ST BICEMBENEESZ L5R
Nz, Wiegers 53, BRHE (BXUEHR, F—IHREE) » oEEBRILEYOD
BR/EBRIEELLUTTXGBTREE TS ZERHSMI UK. £, —BIIMXBOM &
LT2MmDBAA > (Sn, Pb) kD 3EDEAA Y (FHhBE) THEHAIT, &N
BEBENZN EEHAOMMIU. ZOFER, TXEOF+ ) YH: 2M&E SO A
AVERATAI LI THIEITESZ LERHT 5.

by SEBEEKOBEEIE, CuOHTH LU TS, Lay Si;Cu04%9

YBa;Cu3 07 s D BREEB REIL, BMAXRKARSPSIEREXITKEL TS, 40

B, PxDE(LIE, CuOEIDF v ¥ (F—Jb) BOEALEERTEOWLTIS. Cu0,
EHANDFR—IVD F—FI%, CuOsffid 5 CuOELUNDBENDOETFOBENC LD fTbh 5.
BHEBRILEY LSRR RBEEA E AT 5 &, TXE ECu0, i, MXE &Cul,
HUADE &S G H 5. B EREEEEREOT o V- oHEBIRILED
DBEHEBREE FALF vV VYEEDOI Y bo— XD ERTEXLTEENDS. £
CT, AEEDOFAHMZ, MXEX 2 E3MOBE A4 LV ORGNSIEDSTZ EIZLD
TXoBOF+» VYEELZI bao— T 52 Eilh 5.

4. 1 TR, BHBHICOHWTRENS. BERABENL, HEERMLEVERFDOHRRET
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LaStHTLaD ¥, +3TH 3. HEOENI LD Lah o, BF 1 H5 % { NbS J@~ELM
BET A #-T, BMLTE3HEICE-> TLARFORIT BRI, BEROBEREIX, W
YETBIEIND. TI/ETI—THBANS BIZEIFTHZHF+ ) YidF-—INTHBHh



HAE

5, BMOBHEORAIY, v—NVEEOHINEERT 5. Snx/iIPbOMMIZLD,
ZHEF VY GR—=) EBEEENL, ZhiliffE-T, 5 X1y IR, GIxVF—
iy 7 bLI2Z &2 5.

TSR Ly VEDbEmIRINF—ICEET S E, R4.9L410ICARUBERL L
BOENWE—2H, BRAlXNh3. ZhonE—71, NV NEBRBIZLAFSEEL SN
5. BAEBREEHD/ NV FRHIZIIKISTEZI OB LRET 5L, K4.9, 4100
E—Z7AL, p/d Y Fdh6d NV FAOEE (R4.8KHIA) &EZ ohb. x=00L&xD
d/NY R, x=10BCHNTEAR - TLOZCEFIOTHS. #-T, K482
AUTADBRIZET A IRXNF—ZIELABE NV FT7 40U TR . xOB kL
W, daNY FOSERIBYTENS, E—-JAKETZIXNVF—-bEITSH. —H,
E—7BiX, d:/NU FOT =)V I¥EMGEED OBICHE TR INF —Ddp/N 2 RADER
(K4.8RHB) IZLk5bDEMRTEX . F— /B, BEHxoBmEEicEI IV
F—Mr 7 PLTWS. x=0D L XDd /Ny FOREIL, x=1DBICHREBFITE-T
ZCHEEINTWS. 207, x=0DEDOED, BEFIE, d/NY FOX D ENWENE S
FLTWS. #-T, EDdp/ Y FAOBBIZET AT RVF I, R 5. xOH
> TE—IBYEZRIVF—MIIY T FT 50D, ZOBTHEBICKXEDTHS.

RSB RNeBEZ 5 TXNVF—-PE—/BOLRNF-HREOY T bEIZ, R
WU TR OHME UTE D RENE N FEMDR SO, NV FEOZEALL
WY DI, REARY MVORKEER ORI S b TFRIZN:. Thbb, Z0%
TRY Dy RNV RETIUDN, RO ->TWAE. YTy RNV REFN, HEER
LA H)(CeS)NDS,, (CeS)(NDS,), TH KL T 5 LWV) FIBSOFERESF/LALL [11] .

REBANRY MIVEEER IS 5 JodDrude-Lorentz &7 )V A W T 4 T4
TEFT->1. ZO%E, 27000 NEBBEZZE LT, FEEHIL

: 2 % 4. 3
tgw)=¢_ - + . 3.1
@)=¢, w? +iw /T jzlwf —wz—iI‘]_a) ( )

THEZXZ 6h5b. Z2ig, £, op, 1, A, Ao, RUTE, THhZHFBEBERLZL
NREFICLSFER, 757X RPY, Fr ) YOHERKEHE, o— LV RETOM
B, o—V U YREFORBIRLF—, REFOBREEHEEES. TR, 220N
Y FEEBBEZEEL, ho,llE—7AD/NY BB, ho,i3E—7BO/ N FHERIXH
B RRBEICHIRNVF - H BN FHEBB BZEETNETHS. LHLAR
5, Il Ou—V U YRBTEDIMEASEET 4 v T4 VIRNTA=FINREHRDT



F4E

XYEEILERMNIDERIZILADT, 22500 FHBBDAAEEZE LTz, ¥3eVLT
DT —FABHRERTNBE I ERT I AREE (&EF v ) YOBRERH) MH&EHbO
WA= DEBERFIENIENCT 4 v T4 073, RHEETSHDLEDLNS.
4.9 L 4.1008% %13, Drude-LorenzE57 /L3, (4. 3. 1) & (3. 4. 8) WK
HEBOT 4 v T4 VITHERTHD. BohicT 1+ v T4 VT, ¥3eVLL T TERE
REFIIFBHALU TS, KA T 4 v T4 V7LD BONIRENRNT A —F— %R
T BNFGA—FDF -5 —iF, FIROCOBREFMBETH /2 [11] . KD TFF X<
REENr S, (3. 4. 7)) ZHAVLTH+» U VYEEN, NVIFEFHichDF+ )Y
(F—IV) BhaoROAR
_ 4

p=—
44

(4. 3. 2)

w

oKD ICBIIEMEB S I TEISICANI.

AP SR TMNS & 5 ICEBORBEXOHINIENT 5 X IREIE 0, %, B3
ML TS, K4.11(a) &(D)ITR M HxZ B O BHicF + ) YEENZ L5 TE
NZNSREPOPDFAIZ DT oy bL (@ : M=Sn, ll: M=Pb) . BHE HITIZITH
BILTHF ¥ VY (F—IL) BEN, BEMLTHW5S. BRWEHEMNSBOSNSF Y YE
BEHETST A0 (3. 4. 9) ZHANTNEF 1ELSC) OF +» ) ¥y 25
H L7, (SnS)NbS,, (PbS)NbS; &(LaS)NbS, D4, a, bl A RO T ERIL, XEE [9
1 Z8AL, cliAmoOmEM R, #£3.4ATRUAUEEEZA V. BHOBGabEHAND
BHEHENE SN TWRNWODT, bHOKFER Ea bEEL L, -

a=xay,+(-x)a,;b=xb, +(1-x)b,, (4. 3. 3)
DO DERE LTz, 2202, am(dw)id, MASh, P Da(b)iili /5 T DR T 2B T H
5. HEBRILEYNONDS O T EHIL, BEOBTER &N THRAK0.4%DE
LW, 5T, 2 (4. 3. 3) OIEIR, ZYUTHBEEXI SIS, KdIhnD
fHid, BAEXDOEIMAEEMT S (K4.11(), (B); O : M=Sn, []: M=Pb) . 4.2KiZ
B F— VAR DHERD 535K 511 72(SnS)NDS;, (PbS)NDSy, K UN(LaS)NbS; Dhyy i,
%ﬁ%m.m, 0.20, 0.10TH 5 [9] . APFEDKER & H~B &(PbS)NDS; Dhy(=0.64)
2, BEDEVESTNS. Uh LESEICH L TIHIZRROZTH S Eb 1K L
TAPIFRORRIT, BUBHEELEDLNS. ERBHREIL, 1-hhTEI S50 oxOHEM
LI LT 2 EITH S, Zhid@BET L LDl O g, S B /- BB EIED
ERREFMEFE L. ThE TORREIONOSFOF » V) VEER, Bk
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CARRIER CONCETRATION N/10*(cm™)

CARRIER CONCENTRATION N/10%(cm™)
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FELTEMATS. HHBRBEAEZBZZEICEIDF v ) YEEOHBENETH 5.

AT, Drude-LorentzE 7 /L% BV THRMN RS AR 7 MVERUSERA- o[ #1-%454
REART MV Uz, 81, PRAFEBORH AR MVZH UTIE, NV FREE
BEES GREIFREA%0E L7:Dudee5)V) LT L. NV FEEBZEHE L
BE, NV FEBBEERNVF-HOFELER TNTe il&DAENS. £0D7:
Ye, DFEIE, Drude-Lorentz 7)UITHA 6 f5E EXZUVMEITE > TS, RO LN
7 MIVOREHD SRD Iz F ¥ V) YEE b Z D45rDrude-Lorentz € 7 )L TR 7o AP FEDIE K
DHREBEEL->TNS [12] . LHOLENSF vV VEE ORMEXITHT 21&FHE:
(%, Drude-LorentzE 5V HRO IR LEEBIICA U THS. #-T, F+ VY TYOFR
BRIIBKIIHL0DF+ ) YEERX, BERExXEZBUTIV M-I THS &
ZZ ohb.

AR OMTTIE, /N NEEBZZER LU T2 DOLlorentziRB 728 A L. Tl
M LorentziRE - 1 > (N FRIBBE 1 D/ EZ 270 KIFEE LB TLERE
BENMIOEHATEI. RERIARY MEKDT 4 v T4 2T EY Ty FANVRETI
NoFHMEAND3VELFD/NNY NHBEBIZ 2 DEZ oI5 &0 5, LorentziRE)T-% 2D
BA LT, LorentziRBh % 2 D109 5 2 I X DHEBRBEROBRMIE, mbELk. E—7
AL, EBITNIRE-I7THB06, E—JATHYTAHNNVFEBBIE, CDT74y
T4 VTRRIIRBINTE N T T, EBIXVF—ho ik, T4 v T4 7%k
LXERIDIBAZINIFEELDODEREZ 6B, —F, LoentzirE) OB XV
F—hw, ¥, BEEXOBMITHELUTHEMLTHS. ZO®RAENL, VYIy PNV FE
FIUn S Pl 3 B iR HAREEN: & —3T 5.

BRIZT 1 v T4 v oBoniF+ ) YO PHHERGE ORUHEFTMT S/
DREHBELIEAR EBLNVAEI OB SNCERICE ) 2EBEHET 5. LENE
SHBIL, 12-23x10°Q'mT, A—F— L LU TELKNIEW08-32x10°Q m)E b
FF—HL TS, MEOENE, BOENIEREDENTHS.

4. 4. BERBHLERMBEER

FEITIE, EEERILEWTHI 2BEHBELD, FEFHEOKE K PNDSJEOcH IR

OHBERICED XD ICRBTIMEERTS. 4. 1 TR XD ICCGICIZEIT 5 &M
BB REMOESEICIHIOBEFENK D L-> T 5. 22T, GICERRB U TEME

_6\1_



BWAE.

B OV TER LTS 5. HABRMLAWSENTE TX @Y, BFOT7T 7 €75 —iC
1%, GICTRENBEEZIHOORS ST 74 MNETHBENST 5T 74 MIkiF3
KRB HEERICHEYT 50RTXBNOBE B L7V ay v EOEHdxTH 5. &
4.4 RHAKE R (2H-NDS,, 2H-TaS;) , £B% A vy —#HL— b UEBBEES (AT
B4 FEEABRILAH (SnS)NGS,, (PbSINDS,, (LaS)NBS;, (PbS)TaS, (LaS)TaSs,
(SuS)TiS;) Mdrx (A) %73 NSy %k ET2HEABRILAWTIE, BRBENCL -
Tdrxid, PUMTITING. TaS,, TiS; %8k L3 3HABRILEWTIE, GICERED
BEHBE Cldox PRMMITH KT 2 HEAB RO . HEBRILAY TREMBE &
drx E ORISRV R BV, ULHh UM OEBEE iy, BERBERIKE
UTEMT B2 BRI TS,

4121 B XIS 2 HREE#EcE R 3. MISnD#4 EMOPbOIBE DS TR
e b DB Ui Bidcly, MWL T\ 5. HHEESHcDBES KEMEL, Nbl E
FUID OF ¢ U Y B O (BHBBRL- OB &t ICHBELTNS. #

RiEEEcY, BWMBHE L —ICHEL TSI &IZd5. IS, @AJE‘I?VEA%J
TREMERD ), BEEBEEANITF A FEOHERdLxL D bEMBHOHEEEL
THEYTHS.

4. 28iTRUI KD I(LaS)NDS, DEFTH EfEIL, (SnS)NbSy & 72{3(PbS)NDS, D
WEBE XD B, #->T, LaSEENDS BRI < BRMEIEMIX, Sn(Pb)SE L
NbS,EDBOKIEAEM & D & Coulomb D472 13 iR EBbh 5. HEIZ(LaS)NDS, Dfi
BEEEELS, 3EDOHTRBAL. MSBOMEFENLSFIZHSS (SQ)EELTB) LD
BiHEL, ThEHSn-S(2):3.104, Pb-S(2):3.124, La-S(2): 2.83AL 75 > T [9]. ZOK
%lﬁlﬂﬁ%@%{t 3, MSJE ENbS,JEDR 12 M < Coulomb i DIMIZ L B EEZ 5B K

E%ﬁ*ﬁﬁﬁiﬁ%@ﬁ@@]kiof%ﬁéh%
IO R TIE, (Sn,La;S)NDS, &(Pb,La; ,SINDS, D R 7 kUit Z)Mﬁ

FDENIE B AR MVOEROENE, HETIEEL. ZOFREE, F+ Y YOFE
DNDS, BICR SNTNB I LitkB. fE->T, SnvPbld, H FTEMBEOFR LI
5153 TH5.

—62—
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K44 RS EESEBRIEEWICBT SR FHIER - EWBEHE.

i T-SHEIEEREA) ERBEE
2H-NbS, 2.47(x 6)[15] -
Agp gNbS, 2.479(x 6)[16] unknown
'Cug sNbS, 2.476(x 6)[17] unknown
(SnS)NbS, 2.474(x 2), 2.473(x 4)[18] 0,033
(PbS)NbS, 2.47(x 2), 2.45(x 4)[19] 0.8,0.36,0
(LaS)NbS, 2.49(x 2), 2.48(x 4)[19] 0.77,0.9
2H-Ta$S, 2.468(x 6)[20] -
(PbS)TaS, 2.524(x 2), 2.443(x 4) [21] 0.52,0
(LaS)TaS, 2.502(x 2), 2.443(x 4)[22] 0.88
1T-TiS, 2.428(x 6)[23] -
Agp 35TiSy 2.440(x 6)[24] unknown
(SnS)TiS, 2.42(x 2), 2.43(x 2), 2.43(x 2)[25] unknown
12.0 i | | i ] ]
O
) 11.9- @®(Sn,La, _S)NbS, -
g [1(Pb La,_ S)NBS,
Z 118} -
< °
o
| ]
2 117} -
2
-
g 1.6} : -
=
= Y
E R
115} —~
11.4 | | i } | i

00 02 04 06 08 1.0

METAL CONTENT x
B24.12 (M, La,_ S)NbS, D ciifi 5 7] o i i PR .
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4. 5. KEDFXLD

AETIE, 27—V 1 DELSBIRILSYI(MS)NDS,, (MS)TaS,(M=Sn, Pb, Z 18t
), (LaSe)NbSe; & X7 — U 2 D(RS)(NDBS;,)z(R=La, Ce) &k MR ik DA TEIRILEPI( M La.
xS)NbS(M=Sn, PbYDFRAN B AR 7 b V% Drude-Lorentz® 7)1 (LorentzAREI ¥4 B Y A
NI Drudel DA D HEEFTL) 2HOTHEITL, BEERMLEYOF v VY HE - B
ABEHE (I EBSBTIEM4DDFEF v ) Y#by ZFE L.

BEROBEAB AW ORI A RS MVOBRD &5, MBI L ETEOHADE
HBEIRIL, MPSnEH W EPOOBAOEMBERICHNTIYDRKE N E2RET SR
A/l &7, AUCEBMIEROBEEHNS L, X57— U 1 OEEABRILEYDER B
BRI, X7-V20BMBHREOBE LT 2HBETHS. RUSEBRENLLTaE
FUESBRILEYE LRSS, NOESUHABRMAYOBRMBHED, Tt
BELDDEBNEEZ OGNS, RUIBBEBESUESBRILEM A LXBIEEIE, H
H¥ v U PORMERIZEZFTOEDRH S BN S.

FIFAROMBEEMBERIL, WEdH 5D THARERILEWDRS BDETFFE
HERSER OB FEBZHE Uie (RIZ, FEELHE) . RSELOK FEBIZRYS,,
Eu, YbDEHIZAEFIZHEM U TH5DIc8 L, RSEOBTERIL, REEROETHSOH
IMTEECBER IS LU ThB. BLR [13] PABEFSXOERI SHF L FTEORE

i, RPLIRDSNTED, AZICEY BRHZ R VOB D SR - B BERD
SHIMTLTd, HEBRILAYPRSNGS,ODRILHEIL, 3MHOBA A ELTHEAETS &
ZZ ohb.

BT /EaaOD%EAEHH LE#(MLa; xS)NDbSy(M=Sn, Pb)iZi51} 57Eaabbx EEMBE
BIIDWLWTHEB L., HERARY MBI A TS XLy U, BREXIRELT
BT 5. 310bb, MELT2MOBA A ThSSnHINIPbORAIZL Y EMBEE
BRAY LTS X7y UPBEMUTI. (EERBRILAW T, F—IF+ ) ¥ SBM
BEIEDOREVIEF v+ ) YHOMNAEERTS) . Z0F+ ) YEEOE/IL, 1HTELL
XICHBTS. ZDZ LiF, NbSEOF+ ) PHEZRENEEEZ A ETHELY 52 &
ARRTE. TIXTy VERKIC, REExOBEMIEVVN Y FRBBEOE -7 B

(K4.9, 10) 25X 32X NVF-BREIRXRNVF—UMBEHTSE. ZOE—7 TXIVF—
OBENX, BAEEXICHUTIHIBETHS. F—IVD T )b I AN, BB BHORD
WX DHM LIS A E%RT 5. '
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XE S KD IS BRSO mRE R L BB HEOBREERLL. &
BB ROV EHEENERIIHD LT 5. BB EE &M ORI,
Llicafis U, EHBEHBOESE L TEYTH S LEA 60D,

Ubzg&EDBE,

(1) 3MHDOBAF v edCHEBRILEYOERBERIL, 2MOBA 4 L 2B8UHE
DEMBEEIDZN L2RLI. |
(2) HEBUCRIE, BEBRSYFTHROER & IEBRIISMOB A LT
FHET 5.

(3) 2M&E3MDEA A L ZRETHFIILVESERILEDOF v Y VERELZT b
n—J)LT& 5 ERIhi.

(4) BEHROmERRL, BEWBEEOHEELLUTHND 5.
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5. HABKILESYICEIT 3 EEEE S BFIRS

BIETIE, RARE - TTH-BARS AR MVOBIR D SESBIRILEWODF v V)
Y (h—V) B, EBER 1AM VOF v U VHELREMBHEEZAE b -/, K
ETi, EABREIESBRILEYORTFENICRIITHEELERTS.

AETIE, FEUTERIIBYSEES < VBELOREEZTV, E—-ZREBOY
7 b, BRMEEERPabEANORLE, € U TEHABRILEWD X7 — JEEHIZDINT
FHHT5. RTF—TU 1 DA E UT(RS)NDS,(R=La, Ce, Pr, Nd, Sm, Dy, Yb):R
S)TaS,;(R=La, Ce, Sm, Gd), X7— 2 D{LE&H & U T(MS)(INDS;,),(M=Pb, La, Ce)%HL Y
LiF5. ThEF TEREBEEFOUED SIE, HABREWIIHT 5bEHADORLHI,
FREMATE A EHEINTNS [1, 2] . Fxld, T < U BELOHEN S ICab
HAIC It Salilfa Eb#i A 4 5 R AHE R U7,

AEL, ROLHIICHKINS. RETHE, X7—V 1 0EEABIRMLEWDRLS
T UBELOERI oWE C LICBRIMEMER CIARARISOWTERT . /o, BN
BEOMRTE -/ REPOENOFAERAS. 5. 2. TiX, XTIV 20EEBR
{LAPNT DNV TNOSFNIREIE— FD AT bLd S, BRBE) &85 OBt o fEE
IZDWTdN%. 5. 3. TR, TX;BORBNIREIT— FORB 7 M EEMBE LD
BEMEAERYT L. 5. 4. TEERZTEH5.

5. 1. A= 1 &5 H>ESBKIESMDS v v EEL
5. 1. 1. NbS&TaS,BNEBAEHE— FICRETERBIHOXE

FETI, FRICHITBELET < VEELOIED SEEBRILEWITE T 5 EBHB
AR TRANCRITTREEZEETS. AHTRORI A ERILEWI, NS EE /A
BTS2 ZE. BEHERTH H2H-TaSy i, TBKICEWTEMEE R (CDW) HEB %
BIT. TOITH UTRARR2H-NDS, Tid, COWHER DD & H4.2KL LORE
THUMZXO TV [3] . 2 TIIBHEEGOHEDOBONED LS ICHERERILED
ICRRENZNICHEHT S,

X5 LA BRIEEP(MS)NDS,, (RS)NDSx(M=Sn, Pb; R=F L ECHR) DL S <



BmOHE

VAR MVERT. BES2IZ(RS)TaS,DEwmIET < » AT hIVERT. K5.109D
DARY MWL, ART FIVIERD H(MS)NDS; E(RS)NDSD 2 D7)V —FICHHTE
5. #NZNOTN—=TREEDAR I FVERIBEEWICEUTN S, (SnS)NDS, T, #
42cml, 204cmt, 333cml, 370em iz <Ny Kd'd 5. 7, (PbSNDS; TiX, ¥
38cm!, 85cml, 189cml, 338cml, 373emlizS < /Ny FWR SN B, (MS)NDS, DR
52 VIE EREEER2H-NDS, D5 <7 A7 bV E D HEEH & (SnS)NbS,((PbS)NDS )2
$13 5370 (373) em 14333 (338) em DT < /Ny Rid, £ N 2H-NbS,DA,,
LE, E— FICHIET 5A EE"E— R THB (B3 E; UTHEDILHALELRT. ) |
4] . (SnS)NbS,MD204cm D/ Ny K, (PbS)NbS,D189cm! E85em /N Ri, WML
o SHMT % & 3FITABRIMSEICH Loy oo BRIEEE— F (UREEICEN
BREE— N &R THA.

~7, (RSNbSALEHD 7 BHD AT MIVERIZ, BEWICHELULTWS. &
BENEAEMICBEWCRAILTH S & &, FEETROMFIREMUTNS Z L&
BLTWBzH EBRbhS. ZhoDIT UV ARY MVE, THhETOERT— 7 2B
AT, 2O0FEBICHI oD, 250cm kO BIKEHFBICE— 7 E2FO>T< N UK
i3, RSBOBHHREIT— F, Thll LOREEEM®D /N ML, NbS,BOENIKRE€—
FEBDbNS. (RSNDS,NDNDS,BD/ N Fik, (MS)NDS,DF5 < AR MVERILY
BETTERE LTINS,

B5. 2121 UT2(RS)TaS, DR T < 2 AT MIVOFEIRIE, (RSNDS; DX b
ERBBEWIZATINS. (RS)TaS, A (RS)NLS, L[ Uk i 2FH, D, 54/
1 FOLFBBENBLUL THB 729, AT MVOBRBBEWIU TN S EEZ 6h
%. #1200em ! FicHnic 2&ARDNY Fi3, RSEOBNIRET— FT, 300cm 2 ki8]
5/ R, TaSBORBREBE— FEiEEdhs. (RS)TaS;Tid, 2005 5300cm™iZ
NI TROIEVWE—=7PNERIXNE. ZOBDIENE—=271E, 2T+ / 5=V
EEbh 5.

REIE— FOREATTS 728, (RSNDS, E(RS)TaS;DHHEDRET < AR M
PRE L. ZhEhosRE, KS3ERS.4RY. HLU, K53 To(ab)embmE st
THERIE, NS EOENEEE— FOEBOAICRE L TRR L. T OREIZHEH
DA, STUNY RD, BWEREN TS THS. RS3DART PV THRD
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INTENSITY

I I | ! | |

T T T ] T T
(a)(LaS)Ta$, 4880A RT (b)(CeS)Tas, 4880A RT (c)(GdS)Tas, 4880A RT
QQSVNH: | aﬁaavml
nQSvM
c(bb)e |
c(bb)e
)
B n@Smn. i n@SNI -
c(ab)e
_ _ I | I I I | i N I _
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RAMAN SHIFT (cm’})
5.4 %WW%FW§%@§M%MPP Ce, GA)DIRINET T ANRYT b,



%5%

REEICHN NV Fid, AT— FORMBEERERLTWS. ZO/\Y Fid, FHHL
RELaDSYOETEZ fc & X, HFIBLROERIEF L TI38) 511 7em IR B >
7 bETS. 1600 5180cm it THA N Y Fid, HEBEHBOWFLETE Labh o
Sm) T, c(aa)cRATOABIMINS. LUTTIE, TO/NY FEXDNY RERSR.
[5.3@) (D) T, HIFLROEEIKET S/3 Y FH, 200 (La) H» 55190 (Yb)
e IZHN TN B, XN FEBR CH200em B FICBN 5 2AD/3 0 Rid, ZOmtE
T & 3BETHBN/RSEOFAEHT— FEREINS. K530 7 0 ZEAEET
BRIh B/ 0 MY, E—7REE ERCEETED S HK LTINS BOBAIRBEE— F
EREXNS. B5.3(), OICBRINES < Ny FOBT, BAELRXLF—DNY
N (3870 5395cm!) 1%, RAMEIEN & B — 7 REHOMEL SN BOBARBAE— |
ERE Lic. 7, ROLaDBE, c(aa)e EELE T3S56em !, c(bb)C fRLHEC & T362cm'!
KBNS R, BRICEBEBREDSFUTERONY FTHS. Thod/ Ny FEL
TTIEX2, X3 LW 30

B5.4 TH200em LI FIcBNh 72 2 A0V FiIE, AE— FORBEKEREZRL T
5. MBI ERLEREED S, (RSNDSFHERSEDOEAREET— FERIET 5. &
324em i E— 7 A FFo/N Y R, EE— FOREKREEER LU TWA D TTaS,[BOENR
BEE— FEREINS. #4050y Rid, AE— FORMKEREERLTH
5DT, O/ FaETaSS;BOENREIAT— FERETS. KS5.4(a),(b) TH360cm |28
N5V R, BRHoTFRTERULVYY RTIRIZXELTE L. BS.51ZR9 &5 12200-
300cm BN Ny N ORER, BB TREBVT 3. FoBEER2H-TaSTik, Ae—
FORAKFEEERTRBOILL VY FOLI0cmiZB N 5. 2D/ FOEEIERT
WAL, 190Dy Rig, 2k7+ /Ny RERREBIN. WK EE EBEEL
OFLUM S, RS)TaS,TFT < ARY MU HUT200-300cm HiZHNh 72N NIk, 2K
Tx/J oy REREZNI. ETERMORZT ANETH HNOSEE 7213 TaS i o0

T, BAREE—- NICRIZTEMBHORELERTAS. XS.1LIEHE— FEE—Tik
BB OMIEERT. KS.UIIIRMAHEF2H-NDS,, 2H-TaS;, 2H-NbSe; RUX7— 2 DE
EBRICEHD T < Ny FOBREEIL SIZ4BTRED - LESBERILAWICET 5
BEAMBBHEOHETRUL. I (MS)NDS, L(RS)NDS, (251} BNDS /DG NIREIEE—
FEHEKT 5. (RSNDS;OEE— KD (2H-NOS;DE, 19 %) E—7 7 & (1



BOH5E

twol-phonon'i band

. (CeS)TaS,
l 5145A

INTENSITY

T=40K

| ! | |
100 200 300 400 500

RAMAN SHIFT (cm™)

M55 SR (40K) (ZH1F 3 (CeS)TaS,D
|RET <V ARY M.

40cm-1) {¥, (MS)NbS,DEE— FOF¥—7v 7 b& (10-20cm ) [TH~XTHU. -
(MS)NOS, DAE— 2, 2H-NbS,08I595 4, E— K O E— 7 I o~ TSR
MK 0em 7 R LT 5. —%, RSNDS, T, AE— Fid, #10cm EIREISAI
YT RLTS. AETEMS - 7k (KRSNS, DBAB BRI, (MSNDS,OEHE
BRL DE. BHBHOLBTAT— FEEE— F & bR R2H-NGS, 1 T H
EEHAIC 7 ML EEZOND. YD VR EOBEBSFEA Y —H L — LI



BSE

#5.1 BLUEASERILEHDTXJE (T=Nb, Ta; X=S, Se) DOENIRE)IE— FD
¥— 7 IRBE & BRSSO T 5 E— FOIREIH EDE.
E— 7 EE%((cm™T) Ehikss i & D(em™)

5 BHBEE EE—F A®E—F EE-F A®-F
2H-NbS, - 309 379 - -
(SnS)NbS, 0 333 370 +21 9
(PbS)NbS, 0.18 338 373 +19 -6
(LaS)NbS, 0.67 353 395 +44 +16
(CeS)NbS, 0.73 350 395 +41 +16
(PIS)NDS, - 343 393 +34 +14
(NdS)NbS, 0.69 353 395 +44 +16
(SmS)NbS, 0.73 353 395 +44 +16
(DyS)NbS, 0.72 351 387 +42 +8
(YbS)NDS, 0.90 348 389 +39 +10
(LaS)(NbS5), 0.30 348 392 +39 +13
(CeS)(NDS,), 0.44 349 393 +40 +14
2H-TaS, . 288 400 - -
(LaS)TaS, - 324 399 +36 -1
(CeS)TaS, - 324 401 +36 +1
(SmS)TaS, - 324 398 +36 2
(GdS)TaS, . 330 398 +42 2
2H-NbSe, - 235 230 - -
(LaSe)NbSe, 0.69 268 229 +33 -1




H5%
4 (NbSy(pyridine); ;) DEE— KD E— 7 RBIFIL, 2H-NDS,D E; 17 e T#y20em ! 5k
MM 7 b LTS [6] . NbSy(pyridine) DERBERIL, NOEFEFUEND ¥
0.1-03EE RS SR TS, (POS)NDS,DF 7Y X7 Mz ki) 3EE— KD E— 7

7 hEid, NbSy(pyridine);,OEE— FOE—-7 27 FEELRABETHS. FARHIS

RS - 7c(POS)NDS, O BMBEE (=0.2) LNbS;(pyridine), , OEMBEIE LITFAEET
»0, (PbS)Nb32&Nbsz(pyridine)l,zo)Efé ROE—273 7 M BbIZ ci?ﬁ LTh3%.
(SuS)NbS,;DEE— K D E— 7 EB#3, 2HNbS,DEL O E— 2 R B & 0 #5200 4R
BEMICS T FLTOS. COE— 7 RBBOY T Mih S HIFT 5 L(SISNGS,DEH

BEEI, FHOILENREETHIHDEEZONS.
RS)NDS; D5 <= ZRY ML, 2H-NbS; DAY MMLOEREL SR> TH

5. £, SNV EROYT FEDREZL. RONDS D AR 7 MLE, BROZELD
72U L, RENVS,DART MR 2TBHOBD AR MIVOBRAEDLEEZEZL B &
EHERIEV. —, (MS)NDSy;(M=Sn, Pb)D 5 < > AR7 FViE, MSEENDSBD T <~
ART PVOEREDY LREE 5.

(RS)TaS2iZ B51F 5 TaS, DGAIRBIEE — FOIREFL, BHEEER2H-TaS, DM IEd 5
E— FE,, OREIFUT A 40em 1 FHRBIFANC > 7 LT3, —F, AT— FOIREH
&, 2H-TaS; D4, €— FORBPEIFBEALTH S. 2H-TaSyitF LV U F 473 v
(EDAYZA > 5 —F — b UFcTaSx(EDA) 3 Tid, E€— N#%, 2H-TaS;D E;, & b #20cm™
ERBIBMIC ST PLTH D, AE— i3, 2HTaS,0 4, LR CEHRTH > 72 [7]-
TaS;(EDA)o s DEMBEIRIL, EHEDOHMBIRY TREBED SO TWEL. EDAREY YV
ERICKERDTTHY, ETOZAERTHANDS, ETaS, /N FHEEEUE ZEE T
% &, TaSy(EDA)y s DEMB B = IINDS,(pyridine) » & [HFRE (0.1-0.3fH) &EZ S5hb.
(RS)TaS,DEE— RO 7 h &id, TaSy(EDA)ysDEE— KDY 7 hELDE LD S,
RS TaS OEFHBERIT, FHFOITaRE LD BN EEZZ SN 3.

BATBRILE W(RS)NDS,ONDS, 5 LU(RS)TaS, OTaS B EARBEE— FO
E— 7 #REEIL, AR RA2ZH-NDSy (TaS,)DE,, € — FO E— 7 IREIBIC A~ T40em

RIANVF-YTFLTHS. bL, FEBLROMBITITSDENDH S LEMBEIED



H5HE

ZIBAEBIIEDLBZRITTHS. TOELXEE-RNOV T MEDHIBREEMBEIRIC
U TEATZIRTTHSE. LHLENSESUIRS LS ICEE— RO P— Z7IBBHITK
XA ThRRSHEVWOTHR LB LCEOMEUL, EEBRILEYWP TRRRIILST—E
EEZ o5, BIETI, FARFHARS MVNIBOTREREEZTH ART MVIZA
HEEOIZ N & ERSEOKRFEHD &Kl UTROMEIE, ROBERICXS ML EHHRL
fe. REDT < ARY PVOERBROMBIZESBRILEWF TH LB TERICELS
T—ETHBI EETHELTINAE.

5. 1. 2. BEBHICLIENERHE— FORBH S 7 MCETEIER

IhE THELEARBRILEAY T, TXJBORAREE— Fid, BE— FLAE—
FD2ERDS < /Ny FRRBIN TS, AETRULLD IKEMBHENHI NG,
Ex— N E— 7 IREBUIL, (B &2H-TX,0E, T— FOE— 7 REIFEARE L L

V) BREEEMICBETS. —FH, AE— FOE— 7 REHOEBEMBEIRBICN T HKEHE
I3, HARBMRILEMEBICTRE >TI5E. BEE— FEAE— FOZORERNIRLI B EERMKE
BOBENSGERLTAS [8] . KEHiTREBEMHEMERIE, #OTWRWEREL, &
FMBEHIEITEZERELTE—7REHO Y 7 FOHHERAA 5.

BIS.6I1ZRFRIDHEE, HADRTH, BTEHOMY AE2EH L. McMullan &
Irwin [9] i, VFFEFI)L% FUT2H-TX,(T=Nb, Ta; X=S, SDTH (k = 0) BT 25
FIREIOIEEIEE KD .. McMullan s O L7 BT, BRFHEOESTOMIE2E
Tk EHEADEAITET BIEHKy, ky Ky &Y, RIUBEDORE S LR >TS GBFE
V1I0PFiz9 5 [10] ) . BB, kit ky kys kK E D dHHREVWEEZI SN S.
ZITHHIES [8]) i, RF V¥ p T RVF—TMcMullan S O U 7o clili i O X -XH
OMEMEROEEZBNT 5 ET, HEBOGYENICERODSLANEXINWEEEZEZ. K

5.6 LIEFHOREE, BA0NTALYHVWTERTF Yy xNVF—IE, H
FELOEHNTUTO L) ITEBXZTHES.

|

L Yk (Ar) +i D kx(ARY o1 > k,(rA6y’ e Yk (rAg) + !
2% 24 2 X 2

X-T-X 2X—T—

Sk, (A + 2 k(8

T-X-T X-X

(5. 1. 1)
ZIT, AEBOEREEEBELTHL.



H5E

1A : TR XFEFHOHESE COMPEAR. LUTHERICADDWI DR MNLRE%E
9.,

R(AR) : van der Waals¥ v v 7% @ T 7 X-X ] OB #,

ZAZ) : Bl PAT S EOX-XB O,

8(AB) : X-T-X (2 DDXFEFiZ, abEiNIZH ) DFEEA,

o(A9) : T-X-TOREHA,

WYAY) : X-T-X (2 OOX[FEFE, i SEAT3m hicdh ) OEA,

k; : XD EH,

kg : van der Waals¥ v 7% T/ X-XEDJ1EH,

ko : X-T-X (2ODXEFE, abBEMIZHZ) OAAOEAICHET 3 IER

ky : T-X-TOMEEADOEMIZET 5 ITEH

ky : X-T-X (2O0XEFEFiE, i HTRMEICH D) ORFGADEAICET S IEH.

— IS, b A OERRHORBEERD S IR, RF vy V2 XNF— (505
4 R (5. 1. 1)) boBohAENFTFIOBFMHEICLDEAS6NS. 4FAmLc
WD, AE— REEE—FRTHS. ThThh2Ho>0BEFERERHEIZ, UTokHic5X 6
5. ' :

w’(A) =;n3;(f) [k,+2k,,(1+cose)2 + 4k, (1- cosy)’ +4k¢(1_cos¢)2]+%+mika(%) ,
(5. 1. 2).
wz(E)-"z—L(%)[k,+ﬂcs(1—cosl9)2+k¢(1—cosw)2+k¢(1—cos¢)2], (5. 1. 3)

- mm .
ZZI, u=—LZEX-Th5.
my +2my

HEOD, p=9, ky=k, EEZ, EEIZW OO OEEERILEH DS < L #ELD

FRICE I XY IKRE LIS A =5 (IEHD ZRS2@QIRT. HEKOHMcMullan
SOV HER SRS 2@ITRT. AU ES 20K, T VBRI OREIH
ARBHERELICEE UK. 9, BAER2H-NDS I BT, McMulland BHOWE O



HOE

® THET

O XEF

[}

(b)

56 HTX,DMEEHTER, MaE BOH, NEEROES.
(@) RERHE & EROTRE, () HHRD/SS A5,



HOE

%52 VFFEFLTROHER CGHAL : 107 dyne/om) &R (B
£ :em D) |
(a) 2H-NDbS,, (SnS)NbS,, (PbS)NbS,, B IX(LaS)NbS, T34 9 5 1 8%

2H-NbS, . (SnS)NbS, (PbS)NbS, (LaS)NbS,
McMullan®  Shirai® E
k; 0.79 0.96 1.30 1.28 1.42
kp  0.0475 0.05 0.05 0.05 0.05
k¢ - 0.25 0.25 0.25 0.25
kg 005 0.02 0.008 0.01 0.02
ky 01d 0.004 0.056 0.004
0.356°
kg | 0.1 0.004 0.056 0.004

05 % VIEHANET + ) » ORISR LEEM (B : cmD)

2H-NDS, (SuS)NDS, (PbS)NDS, (LaS)NDS,
=702 =AU smE =FAP ERE =AY E=ZEBRE =FAP EZBRE

'—F
AArg) 379 378 379 369.8 370 3738 374 3947 395
EEyl) 305 304 304 3347 335 3402 340 3562 356




BH5E

ETNEDIem I LADRBRETEBREREFHR LTV 5. g EE0miEIctd 5
HEHK L, McMullanDfE & D ETAX LTS, BIZ, 40T (bond bending
) BT Bky  kyy kT DWTIE, EFEFOROLEROB VNS5 TEHD,

McMullanD X 72 & D AEN EEZ ShD. HEBRLAY T TXJBOBHIREA

LEE— i, 2hEnRARHE0MET 5 E— N ORBIIC AT Eh Bh ERES -
BRBEMICS T b5 R (5. 1. 2), (5. 1. 3) £R3LEE— FASREM
flics 7 bEE, RABICAT— FREEBEMIC Y 7 b 3310, JTERk ANk

o (k) TP IEhIT L. EREHM Ik, kEBD €3 L0 HBFEBICE
SNTIR VEELTRONIONE T + ) VORBEICED X HWHEBERELL. £
520)0% 1, 2THICEA BB, IHTEBRERE—H LTS,

wic, TOMTERUILEMBEICK S NEHKDRED, ko (HB0i3k,) 055

CRBEMPENICEHENIENEZRT S, RS TI2H-TX,0/3 Y FiE OBEER AR
9 (11, 12] . EBBREBETTORNEDs, p, RUAHLED—EIX, HN a5 VEFXDp
BaE SRR LU TIRIDVMEEFH (N R) 2K 5. liEwis, FELThray
VIRFXOpHEN SERIN TN BDTTX 1B H I DIHDE FHWBET, 6FKDT-
XEEED, BRIND. X5IC10eVE T RIVF— RN KIS HEIC X 5284 (o'/\

F) KT 5. HS.TOHFE, UV FINEIhBI3ETREE%TS. ¥,
Ny FLIESE, BEFTEEINTWAEI &2 7T, 2HTX,084, =AY XLH

AL X DD INEDTd, /N Fid, S LU TAdNY FORBIKIRBIZL .
IN=T T4V RDd 30 RO RIZED,: /30 RS, FET 5. BAEHATXACMT 5
N RABICEDS &dbdx 232 R, #RFTRIIBERID S > RBITH S [
28, 29] . Ko Tdq NV NI, cEiF R T QabfIZ#y» THAA > T B ERTE
5. BABEICKOBEL CEALETFR, THETFOI /N NIZAS. d8udid, EXH
WIS G TH 548, U wks 428 U TT-XE O 2 ek AWM I 85T
LiZE%. bbb, ek, BRBEICLOEMLS 5. HEERILEHIBNT
NI A—=FkDEZERE T B EICHEBIFFEITNEEZ NS,
HEAOKAITET 5 IEHRK IS, MERT v )V W(0)DEAIZHE T 5 2 [BliHsT

FUO) 902 |, =k, THEZ S5ND. d:\y FEFRLERERBIRGELIILE—D6



HBOE

EDHMEFHNSILEETEE, MBRT v v IVP(0), HEADEHELTEDD
T-X$5E DA () 1S HEIE B/MEE >, BFOEMBENCLDd NV K%
5L, EA-REGF vy THOTETFOMMEY, XETEMEEEES LD LETR
RIS D, ZONDH v v THEBFOMBRAT VY v VIR L, TOMBLRIT 3.
DD, d: B~ OEMBBIC & D BBRT ¥ ¢ VBB AT~ T X 0 3t
BICIE B, O OHREAEEO ARG M U THS. SICEMBBHO £F LY v LW(0)D
IR L ERBER Yo 8) DR ETRT. BHBBHEOET v ¥ v VOBRERS E450
% &9 ICYDiiRIE, BMBEHRINE LS. TRbb, BRBEITE, = °¥Y/6° DR
DI BARERNTTR 5. U LORICEZ 5 &, FbhkERELL, FEFLITkeE /N
CTBILIIPHENFEL BNEBZ SN 5.

P ERIZBRIAH SOV VR T 3 —REFIVICEBERIZ, BREHVTHS. L
D UIED SRERIEE DB F IR S hlc—IRTTEE 7 /L Bromley £ 7))L & AT
WHSICRFRICEB NEZELTWSATERTLS. %72, McMullans DR L1
NOX-XIMELEAR, 2HTX,OEEZ RT3 & (REFEEEE L SXEFOHICT

E%ﬁkafwatﬁﬁﬁ5>ﬁﬁmﬁmﬁma%zené.%of,:@ﬁﬁﬁ%%ﬁ
AUTZ &, BB ERYHD.

Z DRICHABRILAWIC BV 3 TXBOBNEEE— FODALEE— FORESHN
&, BAEBENC & B HHRBIOJE Rk ORI LS A A DL BT B IE MK, kyFD
B S H B REERNICHV TR ”



BHE

dp 4

brrrrrrrrrd d: 2

5.7 2H-TX2D TV F—-N2 ROBRK. £8%2810Ws

B EFNEE-o TS,
Av
¥(6)
¥ 1(6)
— -
g )

K58 #HEACETAMART I vIL. BRBERIZYO)
L, BHBERIIVYERLE.



Bo5E

5. 1. 3. BRIERBE—-FICRONSEAREAHE

B45.9(a), (b) % Bk % & 2 D DRI E c(aa)e & c(bb)C IZXT 5 XA RT MIVDFER
B, KREBEBBI ENF0S. HHZ, (LaS)NDS, &(LaS)TaS,(ONbS,JEDEHIREI€— K
DFE, WL SNy FX2EX303, 2 HODRENMEE TR U SEEHELF-> THALT
WB. NYRX2E X3 EAE— FOBE L, c@a) BEICENTIRIIFALTH S
DI UT, cBb)RBIZEWTIZHSNMIX3I/N Y FOBREN, AT— FOBE LD X
X, X2&X3.5Y ROBREIMAES3ICRT.

ZDF173Ny RX2EX3D E— 7 BB L, MBNEWHLBCRDOE S (R=Dy,
YD) , FF—HUL TV B, E53%5R B ER=Lap SR=YbiIZE B F TITHRAIZ2 DD/NY
FOE—7REBOED, /NELE-TH5, sbEiNIZRZ 322 5MIE, HEBISFL
FraRilmd, BEVHRIBTETRREZIISKE TS,

RS)TaSo DT < Vv ANRT MV HT BH/75/3 X, (LaS)TaS, &(CeS)TaS,il %
WTBEETH B, c(ea)e Ec(bb)c DIREEBEBD AR ML 6 2ERKD/NY REhZhi#ED
RAEE THRAXHh T3S,

HAREBE—FOS < HFEMREER, KX (3. 3. 8) hokpwonsd. HIAEHE
—BEBADLH5E, HEBRILEVWOTXBORBNEEIE— FE' LA DS T Vb

(UTHBEDOI:DThThEEAL KR T S) I, £hEh,
d 0 0 a 00
0 -d Oj,A;: 0 a o)

0 0 0 0 0 b

E:

THEABND. TCT, Bfs b dif, WEOSEES L VOHIET DR LAT
5. ZOK, EE— FEAE— N#IZ, claa)BREDOT < v BEGEE b)Y EEDT <
VEELREE, ThEn =hl, L =Wdf £750, 2ODREAEBCENTRLTHS &
FHEND. (RSNDS; L(RSTaSHIB VTR NBH Y FOMER, 2 >OR
HEBTENETNRILS. FLEECc(ea) &cb)e THRENRL D LD EBREBFHEIL,
X2, X3 ((RS)NDSy) EX ((RS)TaSz) DT < VEKELT vV VHSHERT b BT TR
ERBWT S, NUSBOOTN 3 D SO (KEMITER, > REL S &
1BRRE) KL DT YTV INOTRWIERARAIDEN, FRT < AEHZ T~
Ny RBRECRbDERDNS.



HOE

I 1 | i 1 |
(a) (LaS)NbS, 4579 A RT (b)(LaS)TaS, 4880 A RT
105 x 400
365
356 L
c(aa)e c(aa)c
‘e 357
S
= - ]
7,
Z, 362 E
E 205 = c(bb)e
Z Z
c(bb)e
153 c(ab)e
I | 1 I | ] ]

250 300 350 400 450 300 350 400 450 500

RAMAN SHIFT(cm™) RAMAN SHIFT (cm1)
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V. - T, 1 DOREE & LTSS &LaS L DI TR DEL D S6Sn,La SEIZHE VTR
IS EADE UTREEROB F /idByT— R B QI EEZ SN 5.

(2) (PbgLay xS)NDS, D5 < v A7 b b (R5.16) x4 &K

(PbS)NDS, (x=1) DT < ART MVT, E—Z7H%, 38, 85 189, 338, KU
3Mem it RHx hic. Zh ZhoREIE, KRB, SIEICRLE— K (38em) ,
PbSEDEAIREIE— FALEA2 (855189 cml) , RUNLSJEDEPIRBIEEAE— K (
3384373 cml) TH 5.

R ER A IS, 3000 S400em IZHE B IHDIEV E— 7 1%, NS DENIRE)
TH5. AE—FiE, 394 (x=0) » 5373 (x=1) em IR RBBMICS 7 PL TN 5.

E—7 IRE LR A LLOBR 2 KS.18 (a) IIRT. ERIL, VM FOHpTHS. E—
7 REENE, RSN UTIHIZERICED LTV I &0 5. NOSEOREMR
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400 i I I 1 “I 400 i i | I ]
(@NbS, B DENIREE— R (@QNDS,JB DBNIRETE— K
390+ Py ® A mode - 390 ® Amode -
o
380 380}
370 370k ]
i =
5 =
1 360 1 & 360 -
&) '
Z 350 ] 1 i i ] % 350 ] ] ] I 1
g 00 02 04 0.6 0.8 1.0 B 0.0 02 04 06 08 1.0
Q ok bsnla SEOBREBE— K| & 240F  GPbla SEOEMERHE— ]
E A - ~ -
M 200fa = ; 200}v v .
<« A v
= < 180} -
B =
180 - 1 A 160- WAl mode AA2mode;
1601 ¥ Al mode 4 A2 mode | 140z A -
120} _
140}y v - - 100} -
L i LY 1 1 80 1 ] ] 1
00 02 04 06 08 1.0 00 02 04 06 08 1.0
METAL CONTENT x METAL CONTENT x
X5.17 EERERILEY (SnyLaj_S)NbS, [X5.18 E#eBRILEY (PbyLa;_,S)NbSy
DENRET— R DR EKEE. D BNIREIT— R ORIk EMH
(@)NbSo /& DENRBAT— R, (a)NbSZE DENIREFAE— F,
(b)Snl_xLaXS)%' DORENERENE— R (b)Pbl,XLaXSJE DRERNEEE— R

A1KRTRA2. AlRUA2.
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Bt— FORBBOBRIE, G0 OMINC L) EHEBREORNIRETE 3.

Pb,Lay SEOBAEEIE— FALD E— 7 BBIBUL, & Hx ORI L VERBIN
iz 7 PLTWS (138 (x=0) 585 (x=1) caml) . [5.18(b)icAl, A2€&— FDE—
SRR ARLEXOERE LT TRy b U B IS 5A1E— FOBEBROZE(L
LEBOFHROEMEEE LES.HIFT. o®), i), M, ZhFhiEakxicki
HA1E— FOE—-7 88, 1EH, ’EE‘.T‘?)Z). BHEIZBELU T, Ms, Mp, &ML,
ZhENS, PrELaDBEFHEEE LT

M(x)=Mgs+[xMpp, +(1-x)Mp,], (5. 3. 1)
THEZ oAb EREL. REBEERIZONT, x=1971HH(PbS)NbS, DA TH
BT AlE— FORBIMIE, £BETOREETFOEREOMIKETS. RBHHO
HEBBOHOELRE LT 5 &, AlE— FOV— Z7REBH OR R HAKFEES 3
21D RAEREZEUSFNEE SN EHhA0 5. RENOEMARNIT 570
B AB IS H IR TREOHEROMMOBETHS. (PPSNGS, (x=1) OEHE
BEIROVBLODTHEIH06FKS HIRULNTEROE L, BERBENCLDTFT LS
T EERWT 5. KK, cli5 FID(PbS)NLS,DPLSE OPb-SH D EEEE (2.804) i3,
(LaS)NbS, i 354 % el I DLa-SEDEE#E (2.928) XD b/INXLHE>TWHS [16] . &
DHASEROEL, HEROEBHBHEOKELEEMI TS,

RLE— Niz, BRMEEAOAE XAZHRTI01cEbN D (14, 27] . x0Rd &
$#ICRLE— FOE— 7 BBIHIL, 38 (x=0) , 52 (x=0.4) , 53 (x=0.5) E#mL, x=1
THEL TS, RLE— FORMIZ, BMSUTEZ 2 LBEHEARAORMINILS D&
Eiohs.

5. S5ITPbyLa; S/ ENDS [ Z Mtk & U TR - e HEDORLE— FO B — 7 IREFHD
SRBS - LEMMEAAOKE X27RT. (POS)NGSichi) 2 ERME AL RS IIE
BOMEENELE Ute. E— 2 B S BT £ 2 3 ExAB LT (b blapig
HEMUT) BREMEERDL, MU EELoNE. LhLENS, E—ZREBHNS
Kb I N EBIL, x=0.SOBDAEME DN o> TNE. & OFEARYT X 5 HHE
EEZTHSE, RLE— RKiE, 70— RTHHLD, E—2 REMORE, Hom!
D!REAZEBERIL SN, FBE, x=050 L EDORLE— FOE— 7 REFESlem ' &
U6, E— 7R8> SBRE U IERIZ, x=040BDERDFAH, x=0.50K D
NEBEORELEZDOT, COFBERMGSNSE. 5 —DO0EHELT, BREN,
BEWNSEN D ERMEARORE X b 2T ERE MBS TN END T EHEX
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#5.4 (Pbyla) S)NbS,IZHBVF BHPbyLa;_,SKEDEHIREIE— FAL
DE—I7 R EBREOMEOBR. REEK, HEL BIT(PbS)NLS,

2HMELL /=,
RO BRI HEROE
a(x)/ax(1) M(1)/M(x)) 12 f(x)/f(1)
x=0 1.62 1.18 1.65
x=0.4 1.53 1.10 1.91
x=0.5 1.52 1.08 1.97

#5.5  (Pbylay (S)NDSHIZ B BMIFIREIE— R ORI LAADOEE
DEAFR. REE, HEEDIZ(POSNDS,DEZEMEEL L.

B 1Ny =g =z WikiRE O #RE L HERDLH
X M(x)/M(1) w;LM (x)/wiw 6 fx)/f(1)

0.4 0.935 1.87 1.75

0.5 0.947 1.95 1.84
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55, x=1DHFAE LD $x=0.4, 0.50HEDHY, BEHELIERIIREOLOENS, La
O L - TEMBEENB L, BRMEEAD, Hmli-&E1oh5.

x=HZEB W TRLE— FO\HAT 5 OIXBREME BEEANEL B -7 70, BROEE
DOEMXICHNBREIOFKEDY, BHTXR L kHEEIOND. EEE, BREOLa-SR
OEEBED HHS, LaSEANDOLa-SEOH#EX DLV [16] . - T, BRMEEERIEL
72T, Pbyla;S&i) f@lfk s — b ENbS, &S Wlfk & — O# A OIRE) L3R Z S
Nl -z LEERIN 5.

5. 4. FEDELY

AETR, 4ETREL>LEWBHRZTICHSBRLEWORT—IV1EX
T—= V2 DWTHFRENICH T 2BEMBEOFEE AL DI v VEEERAIEL
7. DI EXHSMEL Tz

(1) RF—2 1 DILEHTIE, NS, E ETaS, [ BOBNIRE€— FOEE— RO E— 73R
BEE, EMBEBEIEELT, B S2HNDS  12idTaS, D%t 5 E— FOIREI
H UTRIEB SIS 7 M9 5. 21Uc UBIIEBIAT— K3, BRBEIRICHLT
FHHTHRRMOZ(L ARSI, |
(2) BERBHIZTEZRL TEABRILEYWOTX EOBNKREI€— FOREHOD Y 7
r DERBAARA 7.
(3) {RAA(MsLa; xS)NDS;(M=Sn, Pb)D 5 < 2 AR MV SIRD Z 5312
* NbS;[@DAE— K, EE— FRICGRBREEXOHN (BEWMBEEORD) IITFTHAL
TROT B,
« (PbyLa; ,S)NDbS, Tld, MSED 2 D€ — FAl, A2 E¥— 7 IREIEUL, xDOBEImI L
B L TR T 5.
- RLE— FOREBEIILa@BEO MO SIREEBAIZ S 7 LTS, T1bb,
EEMHEERANENL TS EERLUT.
(4) BRBHBEOVIENIT— V205 </ HELORK R T, TSBOBEANIEEI€—F
ORBM 7 ML, BRBHROSZ7— T 1 OEHH 7 F LD SAXVEERL
7.
(5) HEBRLAMIHI) abHANDRAFEIRE .. CORFHDOHE I/ U F
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i3, A2 Oo0BOBEMHEAEN, BNZ EARBTS. BHNBHROVILNRT
i3, CORBEAHIRE IR

(6) XT7—T 2DRS)NDS;); (R=La, Ce) DT ANT MUIFH LT /N K
PREIN/. ZhoDF T/ Y ik, NS BOSEmUMEOEMBENC XS HERIZ
£BHDELUHTE .
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6. BEEBINLEWICHIT S EBHEBERBEE DI

AETR, BEEBRMAWIH O TEMEER (CDW) MBI IH S h 38 hiIc
DNTEET 5. o

CHEBREBS A ANV IFF 4 FOBRMLSWOCDWREIX, —fIclflxh 3.
IhE TARINBEEBRIL AW T HCOWHER I3, BRXN T, Lk
LAENS, EEERIATCEOTIE, EEETXEICF+ Y Pid, FLonohicoRE

IZd D, abiEp Lol AT, BERIEHBOK po/paic UTHI0 ERE OR Hikt s 24

3. $ibb, EABRLEYE, +HERTHEERELTVEbDEEL NS, &
IZ, 2IRT A/ VIR Y RO BRI N3 EABRILEM B ELEL, BREBY 1
ANAFFA RESTUARY MVOBEELOBOICHEEL S D, BEBRICAWICE
WTCDWRBEAZ K T 2 BEERNT 52 LIk, BB THEAROMRICLEST S
bOEEZ OGNS, KETHE, 6. 1. THABMLEMIIBIIZEBRT + /) v O%E %
EETDH. 6. 2. TIX BHEERILEWT2 74/ N0 KW, BRIZHA TR LR
(MSe)NbSe(M=Pb, La) EF XN T B H(CeS)TaS2i2 B TS < /3y FOBEESE
%S5, 6. 3. T, ABEZEDS.

6. 1. EEBIKILEVICEIBZERT /v

COWHHEEB 215 BB EB Y A AV aFF A4 RDOS5< U BELXRY b IVOE#IZ,
1RDT7 5 ) VERUBEDOEEARF D 2RO T+ /) I3 NV RREN B ETH
%. K6.1(2), (L)IZCDWHELE %422 32H-NbSe; &2H-TaS, D 5 < L HELORERE R %2R
9. B TREEDFI NV RIE, 27+ VNV RERELUZ. 2R7T7 %/ VNV K
EFRELUERBIE, TOBENEBEOETERIRELBILOALDSTHS. X, £
NENDNNY FIZZDT + /) OXMEEEE -7 RS TR, K6.1THEN
DI, 2T+ /) I3 NY RBEDN, —ROT + /) /3Ny RERNTHBEL LOWH
EARLTWBZ ETHA.

COWHIER % OBV EB B S A ANV X FA4 F (1 Z21E, 2H-MoS,;, MoSe,)
T, TOREBOD2IRT 4/ NV FFABIN TN, 5T, WO 2KRT7+/ v
N FPORTER, BBEBY A ANISTF A FOCODWHERICHET 5D EEbh
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%. Maldague tTsangld, BRESBY A HNVIAXFFA FIZEWT2KR 74+ / Vo< EEL
BEET 4 ) VHEZRVFE—O 2 Flrlg o) WHABRICH S Z E2HEHLL (1] .

! ' l [ l 1 L T
(b)2H-TaS :
(a) 2H-NbSe, A]g(230) tzwo-phonon 4880 A RT
two-phonon,  S145ART ~190
~180 L35 A (400
‘ EZg (235) lg( )
o
o AXX)Z E,, (286)
E ZXXZ = I
2 72]
2 Z
&
> :
o= ) E
| B, (235)
1
E2,51(27) E,, (286)
oz Z(XY.LZ;MW
' ' ' | l I |
0 100 200 300 400 100 200 300 400
-1
RAMAN SHIFT(cm™) RAMAN SHIFT(cm")

Xo6.1 BBEEBIAAHNAFFAL FORET < AXRT M.
(a)2H-NbSe2, (b) 2H-Ta52

T, 74/ VOHCIRXIVF— L, BT CBEESBOIHEIZH 5)-BHEMEH
WEBT7 /) VODIXNVF—DRBYHTHS. Kleinid, ZDEZIZESNHTHEMICDW
E2RT 4/ v EDOBEBEARRL TS [2] . Kleinik, 74/ VEHEIXNVF—ODRK
XXIDWT LIV IHEHDRRAT 4 V7LD —BEMT 52 E&RLI.

B5.1,520 &R MUViZR o5 &5, EEERILEY (RS)TaSy(R=La, Ce, Sm,
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GA)Z T(PbS)NDSy) ICHB T 2K T & / Ny FH, BHElXhTuwa [3, 4] . 2K
T4 /) w8y RERE LB, 40KLUF TIdph SBBHKRAZ WNE EZ OMENED S
55 THS (M5.5) . (RS)TaS,Tid, RHAEES2H-TaS,D 2R 7 + ) /Ny FOE—2
REBUCHANT, 2k7 4/ w3y FOE— 7B, 60cm™ UL L ERBIHAIC > 7 b
LTWa. &, ROTaS;D 2T+ /) VNV Rid, 22O0E—7I1IA8#E LT3,
HEBRLEWICE VT 2R T 4/ V52 0Ny KDY, B S2H-TaS,D 2 R 7 #
/yNyF&mxf%ﬁﬁﬁv7bT5:£u,7¢/ymaal$w¥—®ﬁ¢%§%
T5. H6.2MEAMRT + ) LakkigE LD T [3] . £, KohnRHE— Nicx

TEHELBEETH 5. BREIEF- B TFHEFALER UBFEOSBMETHS. B
{3, Brilloun/'— VigDlqpTHREIL L. ER TR LT+ / L O45HERIL, dETE

OMBEMEAICKAEHEZXIVF—a(q) (<0) 2T [2, 5]
wlg) = o, (g) + n(q) (6. 1. 1)
ERED. 0i(q)ld, EF-BTFHEERALERLILEEO 7+ /) VOERFHBTHS.

Maldague = Tsang & DERFHEI, ZHEN+qEADBEBERFD2ODT 4/ U H 5D 2
K< EEMEREOS H O XV F (@I kA 2EER LTINS, HETRLFE—O
WEHENKRZUMEE, 2RT 4/ v I2 Ny KOE— 7 RBIBIE 755, BAER(L
BHIRS)TaS, T, 2K T/ /N2 FOE— ZIREFH2H-TaS,0 2R 7 5 / /N
yFKRNT%<E?TN5®ﬁ#B71/Vﬁal*w¥—@%ﬁﬁﬁﬁ¢bfh5:
LSS,
HABRMLAMIZBY 5 AETILF—RPORKR, RSEH STaS A OEAHH
Bick3bOEERXONE. TFLYF 47 1Y (EDA) %2H-TaSyTffA L7 TaS,
EDANZ BT 2R T + / ¥/5y RO E—2 14, #l0cm EHREFMC S 7 F LTS [6
1. EDAIL, MiEEMT, BEFAHELP T #-T, EMBENC L DEDAD 5TaSyil
BFOBHL T3 bOERLES. BHEBHIED 3 &) RiUE, EABRILEWE
R THB. FiZ, NoSxRALT ZHAERILEYW (RSNDS,, R=FHBakK) T
i ZRT A/ VI, RARIHKLTHS. RONWSHIHIS 2 EHBERIE, NoEFUE
U po ) FH0.7-0.98 LK E L. BHBEIC L > TH > T LEFR, NoEFO4,SY F
KAB. SOk 72/l I A ORES, BFIKE-> THTINVF—MICBHTS. X
B, 7=V IEMSEOREHER, KE(EMRTS (7], B0, 7=V IEOXRT 4
v IRAED, BHBBOBETENL, 74/ Y OHCIXVE—OBIES ST, B
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2, BRBENL, @l 2R XEE. 2T 4/ VI 2oy g gl ik
206 (2], HEZRXRNVF—DEHMEDORVII2KR T + /) T < /Ny FEHITT 5.

A
w(@ _ -~ 77
. Ve ¢
9 s
3 A )
Z.
X /
- /
8 /
/

ez , w(q)

| | | 1

>

0.0 0.2 0.4 0.6 0.8 1.0

q/qp

6.2 T/ voBihR. BREWERIZIZEN T KonEE € — FOs4EHh
BMEBT R THEMERZER LU ISR EET.

6. 2. BRRLIESERILEVDOS 7 VHELDRERE(L

AEITI, BEERS EESBRILEHDT < ARY VO BREEAN S, BERE
BEHEBOMHOEREZHS. BAER LEGBRILEYDARS MVOBREERE K
895, WY RF5EkHE, 6. 2. 1. TRANIS & LU TSexkHU/22H-NbSe, &

(MSe)NbSe,(M=Pb, La)TH ¥, 6. 2. 2. Tid, 2H-TaS;&(CeS)TaS, 2| HEH. =
BIZEBE UL T(MSe)NDSe,(M=Pb, La)DS5 < ARY MVTIE, 274/ /N2 FOHER
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LTWb. —F4, (CeS)TaS,DF5< 0 AR MIVTIE, 2RTx/ /N FBARY bV

IKEHN TS, TaROBEEBIRILEW T, 2R7 + / /30 FOHEEBEETETEHIZO
5D TCOWHERIES W, #HET S ETFAINS.

6. 2. 1. 2H-NbSe;&(MSe)NbSe(M=Pb, La)D35 7 /HEDEREE

{t

PP S 2H-NbScp d5 & DA TBIRIL A MI(LaSNDSe, D EIRIZ H13 B IR T < >~ X
A7 R VERE3@),OIZRT. H63@QDRMAERDS v ARY MUTIE, #27em™,
#80cm ™", 230cm’ RU23Sem I ENENELE— K, 274/ V5NV E, 4,%

KUE, E— Y, Biixhizc. ZhootE—7 REFII, BEOBME LERBEOH

BHNT %33 (8 9]. ¥1B0am D2k 74/ LNy FOMER, #IFERT LI
BEOMKTEEBIZBATA.
(LaSeNbSe;, (D57 2 AR ML TIL, #126em™, 229em™ B er268em™ iz S5 < /Ny

FHBN TV, H126em 0S5 </ Y Kid, AT— FERIURBEEEE TR LT 5.
F2Z DNV RO E— 7 BB SHFE S 2 LLaSefBOBNIEET— K TH 5. 229em™

£268cm DAY K, TRENRENEN SAE— REEE— KTHD, £OE—RKE
HH ONLSEDOBNIREIT— F ERE Uic. W10KIZE 5 MR TREORD Uiy
FIERHENIZWDT, 2RI 4/ vI<2 3y FOBEIR, FHEFIIHBNEEIOSNS,

2H-NbSe, Tiy, COWEBEE (T=33 K) LUT04 RUE, E— FOE— 7 EBM

i, FBITEY 3 E— 7 BB B T10em™ PSR BBIIc BB 3 5. Tsangs [10
1}, ThZho E— 7 REROBREREEES U CIE L. COWHEBEEZ X5
WEBBEES A ANV A R2H-MoSe, % Tit, 158 & RiICE T 3 REROELR,
Ea2em BETHENS, O E— 7 EEBOKETIEELENE, COWHEY &
BT % 5D EEbNS. McMillanid, COWEEIE L T3 T ivIVE O CDWIR AR
RN T + /) ORI EBARIFITI EAERLTEY [11], TsangsD T <
VBELOHRE, ZOTHELHFLTNS. Ke bTang5 60, HABRLEHOD
NbSe,ED S <y RIZEH LTS < v AR MVOBREEEHE L. BSEEI
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R | | l
5145A RT
230(A1p) 235(E,. 1)
(a)2H-NbSe, l &
~180
(two-phonon band)

P

=

75}

4

e |(b)(LaSe)NbSe,

Z 126 268(E) ]

229(A)
i | I
0 100 200 300 400

RAMAN SHIFT(cm™)

6.3 ik i 1T 5 BH&KE & S HABRILEHOD
RS < A7 bV, (a)2H-NbSe,,
(b)(LaSe)NbSe,.

HFE59 50D, NSe;ICfRoN T A0S, COWOEEX, NbSeBIcikdBnhsl &
MWTFHINBN6THS. K6.4(a), (b), RUN()IZENFH2H-NbSe,, (PbSe)NbSe,,
X U (LaSe)NbSe, 12 3513 5 NbSe, B DEHNIREIE— NOMEHERETT. H6.4@) DAL
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(a)2H-NbSe; 51454 50mW (b) ?ma?m@ _ mwm\w 50mW (c) (LaSe)NbSe; 5145A S0mW
J(’L/u\/') 14K ,
\, 20K ,_ - » e 10K
), ), ! 20K
\ ! | 30K
} _ 10K
‘\A | 20K wE
P
m _\ _r 30K ?(ixl\-l 60K
, 40K 80K
m 50K \z\%ﬁ\(\
2 | oK w
o | _ 100K 125K
. s , 120K
, / ) 150K \t)\f\\/\bﬁ\/)))t 150K
% .
200K 7’4’0‘\/{\\\/{’)
\)L/S/fl!’ 25K 250K 250K
273K 290K
1 1 1 300K 1 . i , 1 1 1 30K
150 200 250 . 300 150 200 250 . 300 350 150 200 250 300 350
RAMAN SHIFT(cm™) RAMAN mmﬂmﬁﬁs._v RAMAN mmﬁmﬁﬁ.—._v

6.4 BHAREHZH-NbSey, A BRILAY (PbSe)NbSey & (LaSe)NbSep DIEMRIN 77 > A2 b L
DI BRI
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DT TV ARY bIVE, TsangbDFRE—HTS. 4, RUE,T— N3, EEd»oH

10K TFF 5 E2h2hfgsem” E1lem SEBMAIC S 7 M5, Fi, #180cm'0
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