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CHIARMBELERT 2BIC, BROBEFRCEE, #RETT SOV T7 =0 5F 555
S A, BBRE LY OBERDIT) FBEEL TR 57012, RHEFMKL 2o
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TLEI/-DOThHb, FLRAEIEEEECDEETHLEZONLY, EMELE5
72O FFICHEERE LB TH e Vo7 k) 2 L3I, EEME, BrmEitic
02—-03nm/s TEEZBI o7, COEEAEEETYH., THCEMED LWEIEL
70T, FRICHEIREVWEEZEZ TWh, 2L, NFYMT7 a7 VICBL TR, &
SICHEERE TR TERLUZE (0.2nm/s & 8nm/s) # ML T, BBEIE 2472 72,

R OBRN L2 BEER B L TEICE, WALARFESRRESN TV S (1], —f&HW
©7 5 YT =Y O—MRAREH5HE. PTFE2HVEFES. KU 43 F2Hu
LHEGEFRHASINTVWS, PTFEZHWTERSIEIHA, THiB8 LT A&
WICPTFEX#M LD, BEAEMA-FTEREELZ LT, PTFEO—HifEAEZ
BDEVIFEIRONS, KHFRIZBVT, B DOP TFEZHW2HIETIT 27245,
BT 5 480 ZRAEIEONT, TR LAL 70 7 2V EROBEOYR —HLH T Y
IVHDOPFEONLE ol 2020, RVAINEANTRAKELSS HFEIIEB L,

RIVAINEHCTEMELZRLIHA, TTRIAIFEAE V- EZI> T+
B LT 7 AR IR 5, €0%, A IFLz3€572012, 27 0FEDF —
T OHRTIBIZEBMET 5, KRR THW/ R 4 3 Fid, BAOBFLEIC W
bNAHSP—-550LXENLBDTHS, ERITKY A I F TR L2 FHvTE
BL7-EMESE, PTFEZHWTHERLZZEABEOREERINA RS MV EH (2.1) R T,
aB7 50T =y OBE, SEOWNEEE LTHFHATRISZLEZLNLIDT, 5
EIZDEPZESH->T0EE, TOBNYFOTAIIE]  4BELCRBETTHE, 20
RRDIWRABINANRZ P v 2T T, »5BEERMLE RED 5 L0TE 5,

K (2.1) 25 bH» 2 LI, HEHICERALICELTPTFEDHADRIAIND
B5Eb, E VRN ol LELENFN_OOERAEFZ AW EIZ, SEVT
FENH U CHUE SO b 8O K1A2590° BIbT 5 Z L dbhol:s PTFEDRAE, 5€
YIHFEEDEARIDIK L, RUAIFOBEFRS L7 HEE b#AEEIIE->T
W5,

RYALINEREYTI= TR L, HTAEROMOMWHCTEIBEDE % B #57S
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VLl iiaiidiida
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AURERRRRRRRRNRRRNNRY
YL illidiie
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(a) (b)
K 2.1: PTFE # W TR S E/254 (a) £ B 4 3 F (SP-550) % W TR S 723546

(b) DIRHFILA Y bV & | BB 2 b BBz RLERN, 20X IR %o
R ZAVE L, FEV T HINERITNPEL BELHEVH LI LB oTz,
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TETLE ). MAHEMBETIOHFOBRERNE S, ERKPROB 235 X
D SRS LN EFDPolze ZOBRCELT, ¥ V7 BELRAEDOMGEH
REETHBIYVMEE R, KA IFOESHRABEINT L TRELLEETLOTI
BVHPEERT FZTRYVAIFRBERBYTAZLT, BVAIFBOES ZHT 2
RAEDOEALZMET AT LI L RUAIFOEREDIZ, AV aI—-RICTCH
UCAEYI—=FTHDOTELRL, RAEVa—F —BABE AV a— F —BLE L 1) 58
FIET, BEEZBLZ LI Lz, P LIOFETIEH, RUAIFOLBENSNTETL
Fv, FUTIMERISH L TECEEL RIZERVWE RS v, L L., SRy
DEVEIESRTE72OT, COHFERRHA L, M (22) RIS INOREEREL T
W LRGN ANRT Vv 2RT, TRLODLPE LI, B AL IFOEI BT
It Ty ZE YT HIANIT 5 b MOMENELT LI PSP ICEo72, 1BHET
E7 XTI L TCEEHBORDB L v, G #IATT ¥ o 7 Fimlor LTl L
CTWBIEERLTWA, —FH2BHTIE. I ¥ Y7108 LT FROBIAVNS & 7
Dy DEIPZ EY T HAIIH L TEA>TWLI LD bR b, BEDEED SP-550 Dk
&y 2EETHRICbMONEIELbo TLE DT, SP-550 % 3517 L CHEAEIC A
EXa— b 2T WHlIER LTAZ, ZORERICELTIRIIIZARY N VOB(EERLT
WA, OBE TR bEE I TS HIAFERL, TR EOBREZE bEiFIHE T Y
YT RO D LI RERIC ko, BUBELRKEREL T, blis 7 €Y 7 HADHi-
TWBHEDIE) 2, BSPIEAENE <2 Y . ABEIBVTIE, ITIZELI i L
TWB LV RRIZR 272, CORMAPEOETZ AFM (ET-HHEME) % HVTEEL
EEEEM (2.3) IZRT. 770V T = OB L OMIER P SRY . 20 b Ak
BRI o TVRBI b hb, TDLIIT, BRIT—WFEN L #EE 85 2 LI
Til7ze SHUBEOWERZINSDEZHVTIToTWS, CORY 4 IFDOBEEIZL -
THRELMFEILL, SHICRAESE L EAT AL v R, HY 1 3 F O
BT 2 BESEREEA TV S TREMEAD ) EEICHREN, L LZ0OBEEICHYL
TRELHL PR TELT, FERARTVWELIATH A,
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1 layers

absorbance

300 400 500 600 700 800
wavelength (nm)

X 2.2: K £ 3IF OREE L L& TR L7-EREORGRILARZ bV, O SH
EHNIHN, SEVTHROWRINTH 5,
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1

~Paent ey

X 2.3 RYAIFeHCTER L za B 507 =V HEEO AFM EifE, —HHICZ
5o B OWERATHERTE b, TNENOWFHREDOE S F DR O b #5H & —5
T %,
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2.1.2 FRUTSLEER

KIZRY) V7 VERDIERFELC DV TRRE, BT id7sus 7= v idfio

CHFEPRKEVDT, BETREEY VT VEEET LI LN TERV, AHETHY
ktﬁU??VMPDHS(WW—mmwMMM)&PMPS(WW-mm@mm%MM)w
—HETELOD NNV VIIHBTHAED, VI VEHEOAY a2 — NI X - CHE
BUEBLL7zo AV O—h, BEZERBERLLDIT8 5EDE —7 ¥ T—ReEZ
BWLHE, ol VBB LTV o7z, TNIRFICPDHSIZBWT, 4 2 ETOREME
EBICE L TAMICEHILTLE ) EBEIS T ICBE w0 Th b, BEHERS
FOPDHSOWHICET AFHMIIESETRRE, )T 084, SHEHREEIR
WIBICHBEDT, BEOHT T AER LAV E SHAEPTRINES N TLE ) 720, AlRAE
FEARE 7z,

R)TT VBT ASHGHE RGN TH LI L ZHEIDL-OIT, —HEmL7KY
VI EAVTOWUED T2 RY VT VORMEEEA2DIL, RIRTIESE Y7
FEEAVTWE 2l RYTIVOAE Y- MERESLHL, BT Y7 T5LHINRT
LI ZDORKELT EUTBEBIES CV 7 BORILARY MV THRE LT, FE Y
THEGWE TR akIEONT, TATEVIIBRTESL LESHINTL F WIRINE
VPRI T %o 90TV T BN THEIOERTETLEINFSHGHIEICIEHE N E
B HNGVWEREDIEV VREICTIE VT 2 iToT, —HERLAER) V5 U %
ROTORETIR, 20T Y7 LI EE S 2RI L L7,

2.2 FHEHIAE

221 OPOZHW/E, SHGERUTHGAIER

PEsk. FRUIBA IR Y AT A OBRICIE, WETEOKEE L TREL —F— b —fk
BV S NTE, LA L, BEL—F—RIEORELE5 20 BENERE LT
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L. FNENOEEIHHIN—T & DHEEFPDILEBRR A0, ARS M VO
WL O DBREERRT BUEF DL, $72, BEOF@HDH 572D PBLEE 2
ah ¥ SLBOBAFEETH D EN Doz, —HRETI, H/3F A M) v 73RS
(Optical Parametric Oscilatar ~ OPO) LIFiXN 2 | FEMTLAZAZR 2 FIM L CHERE S
CEEREMT 2 2 el TELEBEN RN > TETVWE, AFFETHZNDOPO%
FwT, VAT LAEZBR LTS, RERTHW/-0P O (BMI f# OP-901-355) iZP#
DI FHREE (BBO (8-BaB,0y)) ODAEZRET 5 LI ) ARMAESZHV
T, 420 nm 2°5 1900 nm £ TOJEWVANRY P VEIBRICD/ o T, -V Y M 2X%2H
LIENHELI I EoTWE, OPOICBWT, FEE. Y7k, 7485 —%
AW E ENEN., wys wer w;ETHE,

Wp = Wy + W; (2.1)

EVH)BRADERTT A, T THELDOERIIYAGO IFETH A 355 nm TH b,

PMT
OPO
'monochromator
F1: IR pass filter L1: f=200mm P1: polarizer
F2: SH cut filter L2: f=100mm P2: analyzer

F3: IR cut filter NDF: ND filter

X 2.4: OPO % vz, JEEEAEZEARS MVORIEY AT L,

SHARZ P VHIED Y AT L, O LRIEEELFNED VAT LA THHEENS
L) BEBEZHCTBY) ., BREAFBHRFIFIHEAL T, B (24) IZSHARX
ZMNVORMEYAT LOEREZRT, HHLALV—F—EBMI## (BMI 501D.NS710
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) = 1.064um; pulse duration 10 ns; repetition rate 10 Hz) T, #AA T T 5 IEHTE
FAEG T 3K (355 nm) ERLESE, OPOREIEY 2, FEOT7 I 7 =V Ol
2T, 1350 nm 25 950 nm DIEE vy, TR ¥ Y ORPEICB VT 600 nm 2
5 450 nm DERIBONKZ H /2o OPODOHNKIF T, 710 nm Iy V2 FOH
WEAYFTANY— (F1) #E#BT %, Shid, ZOOPOMMD YT FAKLT AF
S—WESUTET AT 7 3IF—I2BVT, TAF T —ROEENRFL % >TL A
LIODREREIRGHETEST, TAFN T — KRV 7 FUVAEPRE>TLE I 720TH
bo FDH, BANOWME %M MICHET 572012, ND7 14 Vv¥— (NDF) #&#L,
e EMRRBICT 5720127 ) AMEXT (P1) 2#7T, &RICT T MITIEL Y XT
EHETTART S, BHEOS HGHE TIASAIE 45° ICEE L CHEERT>70 Z0
B, OP ODHMADELEHIH 272012, 74 8 ¥4+ —F (PD) TAFEMEZ €=
&~L’Cw%o G TN EERB LIS HEOARAZELZDIZ, RN Y T 4V —
EHAL, MAETFTREDREONLZEY, HhFzEBLTCPMTIANT S, PMT
POOEEFRERT VT THIBESN L, Ky s A7 AR TRET %,

LR VT VNEORRICEERLZET b, VT VEBICESNFCB5E.
B IVOHEE ThV0, IR L o TRAMEDSIEILT 57010, EBALDL
INVF—FEECL o TS HAEMEIELLTLEINLTH S, 20720, YT IVIdHE
HIODELFR (L) KELLIHICLTWE, COMETOELRLEEDZEIL.
quartz T V72 A=A —7 ) Y VHIER ., FREEELIETI)I LT, BLALEMT
SHILEHRLTHS,

R ryToflEid, SHCEEORBERKFUZHET A0, 794+ AF v b
TRV, EBICHIE LRESFIE 120 K 225 330 K Th b, F-20illgikREIC
BLT, ¥ YT VORENTHELIZONT, HERATORUESHEEICZoTLE),
TITEMBGRE 2 T 510t - T, AREWRD S OMD 2R s T LT, SHG
OMEPHBEIZ 2o TLE 070 TH D, ERIZEAS V-7 E£ZOTHFITHIA L
F—{FCHENTETNADT, BIUHILANVF—HOT —F OXKIUCHKT 5 EI
AU Twin,
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- THGHIEIZHELTIZ, BEANICSHGHEDH A LR LY AT ATH L, 1212 LHIE
LV BEERRAE STV ADT, BT AT =T 4 s — DALY | YT
~ADAETIEEAFTH S, THGHIEIIBWT, ZRPOLDTHGRAENEE AL
LHBEENHY, YT VEBIEZOKEBICLTHELT) SEFEENTHL LER
Sbbo FIIBRADOHELLRLTI2OIL, TV T V~DOAFALZELEETA—I—7
Yy VOEEEBIL ) FEFHOOLNEA, ST TREFI T THELNEEZT > T
Vo R LERDTGEEWRL7:010, BEREHOE L » X% Vv ClllE 21T o 72/ R,
H o ZBLIERON 2o 720T, MEIIZWEEZ TV,

2.2.2 TIEFERAE

SHGARZ MVEDKBEAT) 72012, NF IV T7 0T = TRERBERARS T
NOREEFT o720 BHRERDHTIET V7 WIS ES & FIIN L 2205 5 U O R A )
7 N VOREELT o BRERSLOBEREE (2.5) 107 T, MELVEEEE T, L
OICEAZ0Ll mm OFHTYAY L7cH T AERICT VI =y 22 HE L. RIZHEIC
TIUYT oV EEETHIETIER Lz, HIMESHOKE S1% 1400 Vp-p (140 kV/cm)
Tholco ERICHERERCIIES LT LKL L2V TORNENE/Z WET
bo FOEABBFERIHMIBTHY., /A XBIZFOEFTIMINTLEbRWDIZ,
Oy 747 Y7 EBVTREETo7, EIMESOREEIE 1 kHz BET, 2020
Biggcay 7 4 VRIT 5,
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f=250mm 0.1mm
— ||t

f=250mm

f=500mm

lock-in amplifier ___lo_scitorj_{ amplifier |_____| trans
I 1kHz x100 x5

2.5: BEEFWINARZ s VOEIER,
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[1] J.C.Wittmann and P.Smith: Nature 352 (1991) 414.

[2] H. Tachibana, M. Matsumoto and Y. Tokura: Macromol. 26 (1993) 2520.
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3=

MR

COETIE, BROSHGRH) LTEEL 228G E2HB LTV,
Y., v 7 AT 2 VOFRRICBT AEREOEERTHIZ, WEFLD b
BROMEMAR 2 RTEH (NEET) 2T 5. ZHIC L) st
ERHOWE,STH SHGHFHRL kb, DX IEHRN L HEEFAVWTIO
WEBTFIZLPEEENI Ay 7 RRBLERT L, ThIZE ) KiE
SR LEFOWETOSHGIOHT 2 RBEEVFHL M5, EHIZ, %
DEZFRDE 2 5N RONRED T TOMIES 2RO TV, Z DEER
F UV NVEMBEDT YV IVT, FO70I RN RO EEOWETH SHG
BHAFIZZRHH, THGCZEDZROBRIZBI HBIRTF VY NVEERRS

BDTHLI bbb, DEZIOEZREPNT, BEILLO S HEDH

B2 =RET NV EWEND FETHEITT 50 BITOTERREENRENDREHTO
BREGZ G200, BEHEXZHEC W) ERNLHTHETH LS, Th
&) SHGHMEDREKRFES, HIROFERRTUEOEEL LE#H~NE 2
ERTE D, BRIC, ERMREZREMHNZEZR GRS T o)
RO B0 DOFEIZOWTHEBIZERRS , EROEBBEITIZM 4 D5+
HOSHGEWV) Db, L—F =N I S Tw5 5 55 FHLS
N7zEEZR (BERMZERZER) PUEIN TS, L LEDOEZRLTTEIE
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I, BMADGFBRFNIEELTWEDITTHL, &2 THREEHEIL., B
MARAET N EEN L5 THOMEEHEERL-ET VTS 5,

3.1 EXMEEFICEIBSSHG

BV AET L L, FONIMTHBAELEL 5, FBOBEIKRELL DL, HBEE
BE OMEE LT,

P = YYE + Y?EE + y\®EEE + . .- (3.1)

LELZEO, ERBENERTCERLR>TL b TOBEO RIZHHITHESZHR
BT AP L X ENEFNAF RO M, ZREOHEAFEREF -8 RET S, Th
5ORGEFEMIENFNREIFA TS, T OIRENFRROH TESO ZFIILHIT
ZHE, Thbb PO = y@EE TRENLHED LIHAET H01E. AFROMEEE w iz
LT, 2w OHFBEREZRS IR A, TROBE_ERERE (SHG) TH5,

5 A R—VIECO T TIRWE TSR LOIET 5 & BHLFIE?D x@ o3~
TORSD0 &% 5D TIROIFMESBIIHNT, SHGEBH SN2V, #FHH. KV
GRS RO e WS e SHGEBOLRGETH A, LIL. FETHHR
Rz k92, REGHFLE D ORPLDECDSHGEHFRESIN TS, TNHEDSH
GRBRIEORELEZ SH L XD Maxwell DHER,

10B

E = —-— :
V x e (3.2)
10F 4w
B = -~ +—J .
V x c8t+ . (3.3)

[ZB1F % source term. 4r/c-J IZBIT HERHEL I 2 [1].

oP B,
J= o+ eV x M=o (V- Q)+ (3.4)

ELEMERT A 2 L TEAPBTIVRIE T WERI G ROMRIE U2 720 L3t
Hahz, B%. WECKESHPLISY) 54 R VEBTOMNE SHGHEIEs L
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 agt. BRMETUTORRS NG, L LAIIED &5 1 ERHP L H %
O ETI. RBEAEEAVAI LI T, BAOEEIC LS4 S HG % i
“:Télkﬁﬁgéo

F9. BREIUEKFEL-ETHFNEEEZHC T, SO ROIERBRZ R L iy
CERT B, 22T, WERDADETLEFT V., B B L Vo 2RIl OnTEET
AP BVOTESRIE VI BEEANTOL, SOBMICEY, BAOSHGHY
DX I LCHEMEN TR RS L CRENSEAT 2000 5 2R 5,

HDFROWRBRIRFRIKE L2 2 LT 4 v —FRER

o
ih = H (3.5)

 ORELTEREND, ZZTHRBNINVE =T VEEFT
H=H,+V() (3.6)
DX, HPEDBVEEDNINIZT Y Hy &, SNEERSS L ROMENER 2534
EERNINVNZT Y V() OMTH D, BELBEHE 7 — ) TERL T,
E@t) =Y Blw)e ™", B(t) =3 Blwp)e ™’ (3.7)
» P

DL, HLDOEBEBESOMTETIENTEL LT,

BEALOHEY 2 LT 1 v —FREREEEICERT T, M5 208 EEEZ RV
ME#&% MR L OMEMEH©E R 556, BEEIREICHAE L-EBEREL HWT
Va LT v AR RRE L

FP R BRI L ARELE LTRONI NV =7 VISEMOREEH S 2T 5
ROIERTEOINTG A—F— N EBEAL, ERONINVE =T VIS,

H=Hy+ V() (3.8)

TEREINLETH, BRAIIIDINTG A—F —F, TRTOFHEISK b T-EET, A=1
52, FHEEBEHRAONINIZT Y Hy DADY 2 LT 4 v I — BRI IEWHICHT,
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7 OB EREIRIEUL ¢ (r,t) = un(r)e ™" O & HIZZREITEILT 5 8o & ReRIRY 1221
FHEFITITH LT E S, £ L TERMICELT 280,

Hyun (v) = Epun(r) (3.9)
DEEBREEEZ BT 5 512 DR ERERR L 2T LT b,
/u:nundsr = bmn (3.10)

&T, (35) RDYa LT 4 I —FRREWTIHEEE o(r,t) % X OFHEE L
TUTDOLIICEHT 5,

P(r,t) = PO(r,t) + MWD (r, ) + Ny (r, 1) + - - (3.11)
hw, (3.5) IAALT, M CHELTENFOHEZTF OB L,

=Hy® N=0 (3.12)

.awm
ih 5

= HypM) 4 V(-1 N=1,2,3-- (3.13)

EW) FRROMERALAZENTE S, (3.12) FIGLOMHESEES VWL ED T 2 LF 1
VI =AML S5 v, ZAEIREE L LT g DIREE (FEEIREE) [Cho/-bT5 &,
DRI,

PO (r,8) = ug(r)e 5" (3.14)

E Do o) OMOXEDSH 723 HER (3.13) ZRDIHICLTHL I ENTE 5,
Y. WEIEBAD N k0%, vWM(r,t) . Hy ORAEHOZERZHVT, L
FTOXHIzET,

P M, 1) = 3 o™ () (r)e (3.15)
l
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s vy V() BHEREEE 52 B FRE (3.13) OFBERIAATS L. WFDLS

LN RE N — 1 KOMERIEE IRV B RS D L AT B
e = 3T (3.16)

hZ

O FEREHEICT A7), WEICED,D v, BRI T, £2ZEMIChblo TRSTA L,
EEBE « DEREN»S

(N)
d@ -%zpw”@mmw%ﬂ (3.17)

LEEND, TITDitac D755 v b ZHWT m|V]l) = fur,Vudr 2R LT3,
72 Wl E W —w & L7 2ORE. N — 1 ROBERIETES D> T, 128K
D N ROWEERFFSREMIZL DG TROLIENTELILERL TS, Thbb,

aM(f) = 2 / dt' (m|V () 1)l () ot (3.18)

Thbo BHEEEKND5DIIROFHBERFECH b, €I TENETNOREIRIEL E
BTk T (G,

9. 1 ROEREE oV(t) 2KkD B, (3.18) RTBWVT, RIHMOEEIREICDH 5
ZERHIBLT aVids, KELv, SLIEBHONINE =T v 2B, B L AR
V(t) =3, Viwp)e ™t ERERIEBUSSTEL, Th (3.18) RzHWT,

as,ll)(t) — %Z <mtv(wp)]g> ei(wmg—wp)t (319)

> Wmg — Wp

EEMEEND, TNEBEY (3.18) RITMLAL. 2KROMESEIFICH LT .

@t ZZ wan wy)lm)(mV (w,)|9)

i(wng ~wp—wgq)t 3.20
pg m (Wng — Wp — We) (Wng — wp) ( )

ERDBZEDWTE D, FHIC 3 ROFERIRIEIIN LTI,

¥ UV (wn) ) (nlV (wg)[m) (m]V (w,)]g) i(tg —top =t =t )1
V= n? % ; (Wig — wp — Wg — W) (Wng — Wp — Wg) (Wmg — w,,)e ( ! 3.21)

ERDBLZEDTE D,
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A TRRER T RORMBEEEL RO T, BFNEI LU, BRI
i G EEETELT

[}l

(G) = (¥|Gly) (3.22)

CEABND, AT THo TV AEDRWERTOSETH L DT, HET G HEHD
 EBE—AVPMTHY, BHEISTBTH L, 72ROV HDIEZDOHBAD 2 KDF
5 (GO THEH, BEETOREMRE A OZRICHERT 2HI L. 2 KDF5IE,

(GO) = POIGI®) + POIGID) + GOIGl) (323)

= YEIT D, TOREIC Y ERALTEREEZBI L9, ¢ 1X (3.15) A% W THERERE
LEIETE S, TOFE,

= G 1% 1%

@0y — h222<g[ [0 (m] ¥ (wg) [ m) (] ()] 9)

pg mn wng - wP - w‘]) (wmg wp)
+<glV(wq)ln> (n|Glm) (m|V (wp)|g)
(W:{g + Wq) (Wmg — wp)
+<gIV(wq>ln><an(wp)lm><mlGlg>) ——
( + wq) ( wp + wq)
BEOND, TITINEFTEABII, (GO) =%, G (wp+w,) e wrtedt ZHAL, S
HGoORa4%Ez2 5L,

(3.24)

)[m)(m|V (w)|g)
) (Wing — w)
1 () |n)(n|Glm)(m|V (w)lg)
(Wng + W) (Wmg — w)
(9]V(w)|n) (an(w)im><m|G|9>>
(Wng + W) (Wing + 2w)

(91GIn)(n|V (w
(Wng — 2w

Gew) = 5%

(3.25)

N

tREN3,
STIIT, BEONINI =T Y V() OEANZRE LT, UTORXEZH,

V(t) = —uE(r,t) — MH(r,t) — §VE(r, 1) (3.26)
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¥ 72 BT AV MEET G DR LEE LT,

. c
—p-V-f—— 3.27
G=0-V-§ Z_(wp_*_wq)me (3.27)

 f%%wf\%n%h@ﬁ@ﬁ&%bﬁ?f%%ﬁ@%w<O#%if“<pk

A

e G=f, Vw=Vw =-pENk X

C OEEIZ . TN P(2w) = X BB (w)Bi(w) DTEOZEIE L

(gls|n) (n]i;|m)(m|iw]g)
B = 2 £ Z ( (Wng — 2w) (Wimg — W)
(9|u;!n> {n|fs|m)(m|ik|g)
(wng + w) (wmg - w)
(glﬂjlnﬂnlﬂklm)(mlﬂilm)
(Wng + W) (Wmg + 2w)

(3.28)

DEDEZRT VI Vil b, THE—RE G BEZIARTFIEID 2 ROIEFIERE
%I 5D TH S, (Electric dipole model)

\

e G=-Vj, Vw=Vw) =-pE Dk X

Z O)f%*%w: ~ Qij(z(JJ) = /\ijklEk(w)El(w) C‘: W :) }on) @ﬁﬁﬁ?%i D N

(91di51n) (n fix|m) (m|iu|g)
5 (e
WWWMM%WMmmM>
(Wng + W) (Wmg — w)
(gliu|n){n|ix|m) (mléijlg))
(Wng + W) (Wimg + 2w)

z]kl =

_|_

(3.29)

DPEDEERT VI VITh D, ZOMEBTIE P (2w) = — 5, 8¢, (2w) D &5 7%
ExhEY e mAR 2 2 L b, (Electric quadrupole model)

e G=p, Vw=—pE, Vw) =—-4VEDLE

COWHETIE., P(2w) =X 6ijuE;j(w)oE(w) DX ) I L THBIEL,

_ (g]fs|m){n|Gu|m) (m|fs]g)
Pkt = h2 Z ( (Wng — 2w) (Wmg — w)
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(gl nlashm)(mlislo)

(g + ) (g — @) (3.50)
<g1m|n><nmj|m><m|@kzig>)

(Wng + W) (Wing + 2w)

BEFDOESZHET V) VI 5, (Electric quadrupole coupling model)

snbo. SHGEBELERNIIRT 200, BARERET (8 (31)).

[Meeace K ------------------ 17 asese x ------------------ m sseas ‘- ------------------
ED ED ED
n -A ...... ' ED n .""A"""" EQ n .....A........ ED
ED ED EQ
g y g Y g Y

(a) ED model (b) EQ model (c) EQC model

X 3.1: SHGHEBRICEHAT AT AT T L,

FEBTIE, R PUBTEBR % 4T, Magnetic Dipole Mechanism % Magnetic Dipole Cou-
pling Mechanism dfFfE L, BRNEBR T2 EORE L F UHBREH 2RO, FEICHEN
&7 I UL T VIIBT A5 S HGCOREET, BEXNERFOFEFIENTSH S0
Ty Z 2 THBERAIBTICE L THEER L2 v,

%k‘:@i5&SHGﬁ%%%EZ¢%#KOWT%250ﬁ(&w)KﬁWTwHi
REIREE. |m) & |n) BFERETH S, N OIREMTONNY 7 1 8RAIZE (3.1) 12
TLs,

SHERIZBWTg—om—on— gDBREEZBIZ, BETEFVTIZIELDOD |g)
ERDYD |9y BEL 072 F AT bR NIESHERE LW LIZh b, IS
BBT-E7 )V CREN IR O EFOWELS SHGHPBM SN WERTH L, —F. I
BHETEF AT, RO |g) L&D D |g) BN F 4124 ) . KEEFdLEED
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2% 3.1: dipole model, quadrupole model ‘TDIRFER D31 7 1 FIRHI o

gem men n < g

dipole model YT A4 | BRN)T 4 | BT A

quadrupole model | /XY F 1 | BNXNYF 4 | FN) T 4

R SHGHBIIS B, & 510, [n) SEAEDBHER & —5F 2 & & . BANEE
250 S HG B S S HGAMAT 2 2 E4th B 5,

3.2 ERNSETFICLESHGOBRIRT VI

BENERTRSEF VY NVTABOF I VTHY ., 8 1 HOES R, Ll &
ENERTE— X OMWER, SHCHMRETHS L) &, ZXTVDROMNHMES
CERBELOF VMBS0 LAY M ARSEES T By KB EAIEET
BEZRT VYV NVIEBIT D Dy Dyp Doop DXFED T TOMV. 2GS 2 RO TV, BR
HEMTFIZL A5 SHGTIE,

Qi = NijuEnEy (3.31)
DI ERBICL > THEBTIIBEL, TONEBT»S,
P= =3 0,Qy (3.32)

TREND GBHFET 5o
MEHEFE— AL P T VY Quid. TNTOMNAHSOMA0IRY, F2F0TH
AR LTI AR R o T, ThbL,

Qi = Q1 (3.33)

i)

Qi+ Q2 +Q3=0 (3.34)
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 emBe THITED,

Aijrr = Njira (3.35)

Avirr + Agopr + Az = 0 (3.36)
PV BERPEALT A e bbb, T, EXTWABENSHGTHAHDT,
Asjrr = Asjix (3.37)

 FRIT Be I ETORMIEY . A OMTARS OIS 0Tk D, TOBED
2. RORFMEEZET S 2 LI ) TR RS ORARST 5o OB b
WS, HERHEO T TOMN A DA LK (3.2) IKHFET 5,

33 Z=ZEBET I

EE,ODOSHGEZEZ Ape. WHOBIRFZDREISHELRIZT, FILZOE

CBTHWTWwA X)) RM LZE, $2bbBIRICEFENS ARICBTIE, SHG

DRIEATNC L BBERfb AR T A, BITREFEOHRE LM T A LT L
v, FITHRIFROBRFUENSHGIZEZAFBLHARL-DIC, ZBEFLEVD
NTWBEFMILIN2ETVERAWT, BREORELERLLT 5 [3l ZBETFT NV EIRH

CERT LY, BT ANEOWEE . BR. BT (SHGRAR) . £HOZ->08H5

T, ENEFNORETOESR R UCHSOEGEE R E S SHCEERLT 53 0T
5,
BARRICIE,

o HANIZ L ZMEESHITL 5 HE NI TOBESG O
o ZOWEFTDERLIC L 5IFFTABMOFELE
o JEMIZ D & DEEE 2 BT % inhomogeneous I D54

e inhomogeneous ¥ 7> b FARMA T D E B J FEKM~O LGS HGEH ORb

37



# 3.2 BRIUERTF I X 5 BT ROMIT LS.

Dy, Dy, Deon,
A Aq193 = Ao Ar192 = Agonn
At192 A2z = Aigor = Aonia = A | Aioio = Ao
Aj133 A1133 = Agass = Ap112 = Ag11
Ag21a = Aroa1 = Aotz = Agiar | Awsiz = Mgz = Aauis Aj133 = Agoss
Aigis = Aizzr = Aziiz = Azia = Az131 = Aasos = Nozzp | Az = Aqsz = Asuis
Ago1 = Azg93 = Asz3) = Az131 = Aozzs
Agza9 A = Aggoo = A3z03 = A3z
Agzs = Agazo
Agza3 = Agsza = Azzoz = Asaso
Az = —Ann — Ao As311 = Asagg Aszin = Assg
Aszg0 = —Aq122 — Mg = —Apn — Ao = —2A1199 — 2A1919
Asszs = —Aq133 — Mgoss Aszoe = —2A1133 = Aoine A1 = Agage

Aszzs = —2Aq133 = A1199 + 2A4910
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EiO
= x(1) z(3)
air g ¢hf

SH active
(phthalocyanine) £ &

t glass substrate g ¢

B 3.2: ZETF VOGN EEERADHRE. I TE—MMEDEFEDOH D 2E 2 TH
D, TORFBIIHENICSH 572012 2 Wiz FBEBUEH TN & 5 DT % , EBRITTAT %
FZE o7zo 20720, EAFAIEyEE T5, BUIEERLOXEEHTLLTWE, &
W EBOZZHE D HHEAKEAH LT, 2ORETORS, &g (74u>7=r) T
DEBRGH, RUT T AFRMHUNDEENZEZ T b, FEFICHECEENBTOLER
%ﬂi\' AFH5 &8 Uz forward % & MHEN 5 3 & RO NI H#ED backward I8 &
FFiEh a0 221D b5,
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LI X RENTEERFo TV

. MEICESEAS Lz 312, BRTESFEO L) ICRBENE2ER T
gZed, TLCREEPICBT 2 EREOEENL, vy 7 AT 2 VHRNIIEDWIKENT
3

¢ E _4no9E _

E —_— _ = .
V x V x t e T 5 0 (3.38)

‘ ) b:iO(ﬁg‘*ﬁ‘VC‘gZ}o

M (3.2) DE)CEERERET 5o AT ARERE w OFHEHEEL LT, A4
20 THYTVADPOLAGTTEDDET D, AFHOBHORBBRZ v & HEHERT b
NVOESME, BT TE2bN5,

0 E® kr 0
E)=| E®%ingy |, E’=| 0 |, kK'=|k |=| 2/Gcos6, | (339
Eio COos 9() 0 k‘g %\/Esin 90

Y. EAPEEICAGTT B & &I, BRI P VDENENOREG KD B, HE
N7 P VORI HETEERIC D) . BRI LTI TOWDOHEM A S (22
T Z(3)) 1%L kb,

K=kt =k =kt =k (3.40)

TITL kG BSEREHER UEEEOWENZ P VD 7 FARS Thbe 72, kil kpb
RIS OIS b VOB T, 2SR TR I b & 258 5 3T
HbHo THNLE, BEHENT M VRGN bV EORFIZ k. t. mf. mb e EOREE
BWTXHILTwA,

ZOMERE LT, ENEROWDY(2) FRESE. UTOLHICE5EZ 615, pREA
R,



)
mﬁ:k$h=¢%ﬂw—ﬂﬁ@, mby = kI = —m fy (3.41)
c €m1
s RIEAGFT DR,
. w? w?
7"2=k2:~ *‘(‘3—2‘67 k%, t2—k;—_—_ —26t—k3
. w? . :
mfy = k' = 3 Eml k3, mby=ky" = —mf (3.42)

22T, SNUBEOROEERZEHEALT 272012, mfy = k57 2 EDBEEH VTV,
FoZ I TDenld. EBRICIRe, =€, + £ TEEND . BEAEK w TORNUEE S A
PEEFERTH D,

BREBEAIBRFICATT S L &, BH BB OBRTKMGERTH b, ZOMRHEE L
T, BR - 790y 7=2VREL, 7903720 F5 AERRECOEREMEE LT,

E? + By = B3 + ET*

By e 4 Eptemd = B} (3.43)
H{ + H] = H" + H"

H{nfeimfgd + H{nbeimbgd — H{

DAODHRANRDOONE, T THBIIH=kxETEZONEDT, BTN
A ATRIRRA T LHTE S, pRILASORE,

1 -1 -1 0 Ej3
T o2 el (mfs)? €% (mbg)*
:_2% —mfy ~ e mfa —mb; - e m;; 0 Eglf
0 eim fad eimbgd -1 Egnb
gl (mfs)?\ imfad I (mb3)® \ imbad ¢ w2 ¢
0 (mfg -+ im— eimfa mby + m ermno2 —;—5‘2—2 E3
_ E§0
— i By
=| M° (3.44)
0
0
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R, s EASTOR,

1 -1 10 E _E®
T —mf. —mb 0 E™ S i

’ ? 2 S P (3.45)
0 eim fad 6imbzd -1 E{nb 0

0 mfrei™2? mbyeimbzd _t, E! 0

IEBEC I EIED ., ERICBIT AEROIRIE. BV EMEROLIENTE S,

KIZ, BEHERBIZ L o THEINIERESHEEL D, 750 T =V HPONSHG
X, BB BRI L) ICERNERTHBZORFEICR> TS, v 7 ORNEHBTIZLS

SZRENuETHE, P=~Y0,Qij = — Y 0jAuu By By CREND X )12, FRAHEL
%o I THEAOERIX E, = EM + EMbo X 512, forward % & backward I OF TR X
NTWALEZEIZEET A, TITEFIE LT, p-p DHRFEREDOHE OGBS % KD T
Hbop-p DRFERETHALDTHSTHAHFERL E L By, B HNEHMWEME P
L PCThb, RICELT,

P, = —0,Q9 — 05Q92 — 05Q23
= —Ayeds (B3 + EJ) (E77 + E) (3.46)
— Agondy (B3 + E7*) (B3 + E®)
— 2933205 (B3 + Ep*) (B3 + E*)
PESND, INEEET S & X2, forward JE & forward . backward 3 & forward .
backward ¥ & backward D ENENDOEZOMAGHLE T, ERIND0MEF] 4125
BY 2, T4bb,

P = —i (A k{7 (B5)? + Agss K47 (B + 200 K{T BJYERY)) (3.47)
P’ = —2idyK]’ (Egle::,nb + Egnngnb) (3.48)
PP = —i(AnKi(EF")? + Aass KB (BJ")? + 20asns K EFPEFY)) - (3.49)

E. ROBZLEHNTE B,
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I TERTROREZBNT, 3ODEFIGELIDICEERND 5, THBP P =
RO TRSNBTERCH B, & DR TBD MR 5O (inhomogencous wave
) OREREEHHENX (351) KLoTHL L JIT, MEP P = Pe®T20DHTH 5

T, BHED E = Ee&T200 L) 2P HEIHLE b, 22T, K (347) — (3.49)
TRLIGHBIZIE, 3D2DRL 07K X7 MIBSFEET A5I12, FENEFNLOK X7 MV
1 2DBY E ORPHFEET 5 L0%bh b, EBRITIT, SERESREDOWRENRT F V%,

K, 0 K, 0
Ky | =| kPP +620 | (F+ 1), K, | = k7l +&p> | (F+0)
K, iy K, k7 4k
K 0
| Ky | = kb 4k | (04D)  (3.50)
K e

DEHITHFIT T, ERENOESITH LT, IR TBEEET 5,

O Wé> v
N = 2A

forward+forward forward+backward backward+backward

3.3: RATHRT 5 3 BH OISR OB~ 7 b v

SARD S OBEBE OB, EEIHER (3.38) DLLOIEFRRE I & A
THIETRODLIENTES,

€ 32E dro OE _ _4_7'('82Peff (3 51)

VXVXE+Gomt o~ @ o
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| pmEEERET B ER (351 &

4w?e 167w?

—Ka X Ka X Ea — _E—_Ea = Pa (352)

3
k&%<:aﬁ?§50:@ﬁm\g+ﬂ\U+m\@+m®%n%n®ﬁﬁNﬁbwmﬁ
REDET, FEHEMEELALT, B EXRONT IV, 22T, RGO 4
LB OEEERRTBI H, ZOHE inhomogeneous wave & T, 2w ORI
THEHB L, w ODEFHRLEL PO ERTZELEE T, T OEPLUATERLOEHED &
IATHRI A 4TINS BIT 2 ASBHO L) 2xEZ R LT, ERIZBHI s S
BBREUCRSDOSHE (Th% free wave L IFATXEIT 5, free wave & 20D HFHEELT
BH L. 2wOEFELE LV LETT IR TDL.) PEET L. ZORBHTEXLHE
(L,

4r P,

Ef = o (3.53)
4w2 (K K ) — €1

IH [(Kiz Cz 63) Fos + Kog Koz Pos

E.; = - (3.54)

m€163 — e K2y — e3K2,

ar [(K2 — 45 ¢;) Pag + Koo Kog Pa)

B — 3.55
. o3 %6163 - 61K§2 — 63K§3 ( Y )
AL, HIET ARSI, H=SKxE L LT,
47 (K a3€3Pny — Koge1 P
Ly = T Hwtln - Raol) (3.56)
W mﬁlﬁg — ElKa2 - 63Ka3
2
Hy = —5-KaB (3.57)

THIONBI DD, RICINSEHANVT, ERICENSNS KL EEBNDSHG
BE 7RO TV,

BEREDEERAFOHBELE LI I, BRI P VOFENEFNDOEGERD B, IHEAN
7 P VOB F ARSI EREIC 2D . EAGISH LTI RTOBE OB HIAEKS (22T
X Z3)) B3HELL %5,

Rg :T3=MF3 =MF3=2K3 (358)
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OB LT, ZREROEO Y(2) FEBGE. BTFO LI IG5 6N, p LIS

oI

[dw? 402
R2=— ?ER—K'??, T = ?ET—K:%
4 EM3 52
MF2: T€M3__—K3’ MBQZ_MFZ
C EM1
s BB,

[4w? 4w?
RQZ*—- ?—GR—K:%, T2:_ —(-:E—ET—K::?
42 )
MF2= "ETEMl’-K:;, MBQZ—MFQ

2L, S They  IEESTERTH 5,

(3.59)

(3.60)

FEAREORELFELI I, BHEBBIINLTRR - 70y 7oy REE, 7
FUTT =y A7 AERATCOBEREAEET I LICL T, UTD 4 x 4475 % 15

HIENTE B,

p RIEAGT DORE,
1 -1 ~1 0 ER
£ —kkmy ~kkmy O EMF
0 eiMF2d eiMBgd -1 EéVIB
0 k kmf ¢iMF2d L ks giMBad % Eg
Y EY
2o L HIY
- _ z EigleiKagd
— E i ZH({t{IeiK‘ﬂd
ZIT,
2
Kkng = 1 (MF2 + iﬁ—i%g)

(3.61)

(3.62)

(3.63)



oy EWLTEEL .

s RIEAS DR,
( 1 ~1 -1 0 EE S EH
Ry, —-MPF -MB, 0 BT S KIFEH (3.6
0 ez‘Mng etM B2d -1 EiMB _ E Eé{leiK"‘zd
0 MFeMP? MByeiMBd T, ET — Y K E efead

TEZOND, RBRIZIOFBEREMLILIZLoT, BRI NARE DS HRLEY ER
LEBOSHNE ET2RKDBLIENTE S,

3.4 EERIAZXEFIV

i

WEDIFNFISEDORE SRR ETEII NG, HIZIZSHGORE. P
Xih B EnD £ D 1ZREN, xipn B BIEHE LTHEIEL B, £ 25T, ZOIREHEZ
I~ 7 O RIERIR RS L Jidn, ERICAFT ALomELBIlISnS SH
NEEZBEROTAERNZYHETH S, —F, —DPOFTEEZIZEZIT, hbHD
TF SR b DEIIT U TIFIERISE ZIR L, Pl = B BY B TREND L9 %
TBEFEEST B0 DLy OB EIES, Bl IT5FIUAHFLOIFELEC LD
ISR OB T A HE. ThbbyTUREGTTHBELE> T TS
DENTNDGFFHBHNIGBE ) BHEHLE) L9256, SHGREBMENT . yixld
012% %,

TFWRERTFHBReFOOITE, REGIBTFE— AV M EFHFOT LM, &M
D—=Dt%b, LPLEROKRZIIBNT, B FORBTE— XM PKELLZE, B
I ZORBEFE— AV E2IBETLICR>TLE ) TOTRN., FIRDBVE
DIEMIEHF R 2B L FREII LTV IERTL D b, HFIBELERFTOS
FOBMA D ho TR, 4 DG FHEEEENETNORMEEE L THE L, <
7 0GRS B S LTRSS [4]o BIAITEEDS HGOBE.

Xigh = N{(Bijr) (3.65)
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DEICET, CTNZIOEBRTHR>TVEIIBREXRDOSHGIZN LT BEETE T,
Aijie = N{Aijm) (3.66)

DEIRTIEDNTED, 2T Thy B2 ORBRNEBTIC & 5EZHR, Ay 135
FENENOBRNEBTICLDEZETHDL, O L) I THOMEERZEEL T,
—DODHFTRENENI 7 D LRERZRIFGTHELTHETAETVERBATAET IV
Lo

I TORINT AET VOFTE T, IR FoRRITE Y 2 BHE T & 20 T A
A EITEoTEHM L, MEETHIE, 247 —Dhfpfz HWTUTO L) I2%&
SNhb,

cos pcosfcosyy —singsiny  singcosfcosy +cossiny —sinfcosy
Rij=| —cospcosfsinty —sindcosyy —sindcosfsiny + cosgeosyy sinfsiny ($.67)
cos ¢sin 6 sin ¢ sin 6 cosf
Z D EIFEATE) 2 W T,
Aijit = N(Riw Rjj Rigw Ru A jriewr) (3.68)

RETET A ENTE L, ST, kT 5 TEERTER L., ikl IERBEERY
BHRLTWA,

TITEL 7Y UYT S UHTHERICH L ORISR > TV AES L, b
D—BEE L7 o BlOER LT, I 70 5BEZHELL T/ DB RLEH L T,
75U T =PI U TREECERRAICE o T AGE. BRamEke 4 —5—
NG A= ERGIRHERAT) OFBEYTHS 9, ERGAEBEA —F -G X—F %
Hwz e, & (3.68) i,

Aijui = N(RiwR;j R Ry Nirjrwr)
oTdy [y d0sin@ [J7 doF (v, 0, ¢) Riy Ry Riw Ry Ayjrivy

=N 2 0 |7 dsin 0 [ do
0 0 0

(3.69)
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LETIENTED, STy F(9,0,0) 34 49—t 2 RASERTH B, 7
yuTT =V OMKEZELTT S L, RIASHERE z L OBEMHTH B 0 DHITK
B4 b, TDLX) e, BingmERE "

=D

=0

2+ AlPl (cosf) (3.70)

CERN, TIT A .
A= /0 " d9sin 6 [F (8) P (cos 0)] = (P) (3.71)

DI, F—F =G RA—=FEHE VL b, 7707 = VIZHEST T Dy, DX
2o TWAEDT, (P) DFHIBIEIO0IC b, 22T, MREFTOF—F =T X~ %
HAWCERT L,

F(8) = (PO)PO (cosf) + S(PQ)PQ (cos8) + g(P4)P4 (cos 6) (3.72)
b 12720, SITERIERENTHLEZEEZRELTWLDT,

F(6) = (3.73)

1
2
KRB EEHLLTH D,
ﬁmm@7ymv7:V%ﬁ@%Q\%ﬁ@ﬁ%ﬁmamféb\iﬁ%wﬂﬁﬁuDM
TH5bo Do DHie & Dy, DHETOERNEMFIESZET » YV IVORSIE, % (3.3) TE
THDE %5,

EHICINPBEDFE LD BT, Aju DT Thgagy R EDRFIC 3 2 ELIHEL BT
bo INIE, 740V 7 2B RIEHGEHIROBIKRE LTHY ., EAFMORS % &
HTELDPLTHD, IOREORLUML L, I L TIIRIILEELETHERD, T
FRERMECOREICBV T, 2 BIERERE B T5 L LTEHEZTT-o TV A,
R LT, 3 (3.69) DREZEOETITHLTIT) &,

1
—— (A111 + Ar212)

A1122 = 15
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% 3.3 BERMNEBFHAEIC X 2RSS ROIMT T

Dy, Doon
At122 = Aga11 Aq192 = Agons
Al212 = A1921 = A1z = Azian A2 = Aigor = Agr1a = Agion
A1133 = Az033 Aq13z = Agoss
A1313 = A3z = Azns Aiz13 = Ayzz1 = Asuis
= Az131 = Ag323 = Ag33o = Az131 = Agzos = Agszo

— )\3223 = )\3232 - A3223 - A3232

A1111 = )\2222

A3311 = Agza2 = —A1111 — Arize As311 = Aszoe = —2A1120 — 2A4919
A3333 = —2A1133 Ar111 = Aosaze = Ag1ao + 2A0010

Ass33 = —2Aq133

1
Ay = 0 (M111 + Ai212)

1
Ay = T (A1111 + A1212) (3.74)
1

10 (A111 + Ai212)

A1313 =

&b,

RIZ, —HERH L2 ERICOWTERZ S, T TEHEOFLL LT, bEHIOAIZEIC
BRELTHT, acllldy V¥ ALHFMEMATVWS ERET S, T8RS %
2 THTHHEE b 8 LT 27T BEVTWAS L) RO T CEHER1T - 72, —HiEIA
L72HEIRDOSE . TEOX RN Dop 2% ) EECIAR OB A & B L TF ¥V VO
DEEPZDHEITLE ), T2 2T, #BEEE Do T 5O TR Ek T
fEhd" 2, b#iF % z MlICERE L TRE 21T 2 72

Avin = 0.630 (A111 + Ai2ig)
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A1122

Aqi33
A2z
A3z
Agaa3
Asis
Asz3:
Az
Asz32:

AL3333

—~0.794 (A1111 + A1212)

0.164 (A1111 + Ai212)

0.794 (A1111 + A1212)

0.164 (A111 + A1212)

0.206 (Ar11 + Moiz) (3.75)
0.164 (A1111 + A1212)

0.206 (A1111 + A1212)

0.164 (A1111 + Ai212)

—0.206 (1111 + A212)

0.164 (A1111 + A1212)

IIZFTT, SFHOMEEREEL R VRATAET VEHEIC L > T, 7 TR
4 32 ORI TAEECRT S EATE R, B4 EORTOBRITIE, 22T

BREMACTERRT- T <
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5452

NI

72T =

RETE 77072 VEBICBIIASHGIIETAERZ T LOTWV,
FTNFIONTITLT VBV TEERELZELTH LIl L T, BE
OEEFIHATEL Z Ehs, TOMEMIE) SHGARY M Vo ke
WTHRRB, SHICEHRM7 0L 7 = I2BWThH ., BLEIC X - THMEE
REALERBIENTELLD, TRIZDOVWTOSHGARY M VOZELZ#H
ETD, FLTINSDSHGANRY MVELICEE RS Z R/ LTw5 &
ZRONLGFHOMEEHIIOWT, o #7507 = VEAEL HVv72S
HGARZ P VOREFEZHEL, S FHEMEERZEZ 2T VTOFHKAZ
A& 5

4.1.1 7202 7= OEBYME

7yayTod, K (4.1) WWRLEE ) LEEE SO0 F T, HeDEEAF v L
BERRT AN TEL, EBII 7507 = VEBROBPLICEMNT A 720, —iEIcH
LERBLIFIIN TS, bhAIZINFT T, 6 THEIZDEAGE D707
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 FERENTV, 7Y ULT SV HEORLERI > T, S TSNS F S E IR
oy, ECEEAF Y ORNMEBIZE > TIORMERIIR I ND, BIZIE, #, 22NV b,
e & ATHLIE TEOLEA T VAT 53E ., EETHENEMEEL 2). 75
L pYT S VETEH LIRS STHES b0, fSE LT, B0 SO SR A

b AFVEBEFREGEDT SO T = VBEORLEBICAD X 5F, TCEERO
 BAETOLERAT VIEPES LK LIAREAST L b ELNFVTARF I Y RE
 DARIREATASEG. BERT LRI ULT S VROBLCEM L. ZO%ETEE
HAEDLNTNAHEOSTHEL L 5, YT 0 REDT VI IANRT S/ 4F
DERTIE, o740 7o vaFeEELT, UMy FRIOBERZ LA LT
HONTWh, I BEELTEALZLOL LT, RV 774072 yOFEDHONTS
D, ZHEH A ITEESME L L TOREIMThIL TV (1],

%
s

4.1 SPEE T s 0T = O, D FFOLICIENA ZEBPRMTE 5,

\\/
/’\ i

V4

ZOBRET7 IO T = VEERIIBIT AREHEEE. STHESFREOEAITIZEMNL
AR, PIZIETPEEOEE, — I o BEIPENAHERELEE . fEILIT
N BRELHESLLAONTWS, 7403720k, A—DOGFTWn LD
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THEE | Ry | 7y a YT =
Qwe | 56.2 66.6 1086.1
s 56.2 9.7 64.9
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L SR THRE LAMEDARY P ViE, S 05EVHE B DD Phasel DAY
FMVIZBITWE, 2DOZ Ehn, —H VOPe TH LI 2 BIEOE I, Phasel & Phase2
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NETAATF Y ZREDOWEAR L iso MOPRIR L FFFITL SMPTV B EER BN, Sato
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5 [18]0 FEARIF IETHANT, BIFTAET VL HMY FW T, FEMATIZ 2 R4 —
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AKOF—F T A= B R ENENO £ LTEHE RS,

FORLELT, —F =T XA=FB0DBFAIL3EDRK (3.714) THAHDT,

1
15

1
Ao = 10 (A111 + A1912)

Aj1g2 = (A1111 + A212)

1
Ajizz = 15 (A1111 + Ar212) (4.2)

1
A1313 = '1—0 ()\1111 + /\1212)

k) F == NTGA=I P DEEII,

Ae = —i" (Ana + Ara2)

Az = % (A1 + Aszie)

Az = 0 (4.3)
Az = 0
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grﬁ%%ﬁﬁnwiwoﬁ%abf\

I2w .
T — A 15 (4.4)
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COSHGHENRFUZ2G5ZABEREZEZTVI ), ¥, ~HWEAKTHLOTHE
WROBFEFRTONL, 740 7o ORFEBIEINTE THALBEl DY), E
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oy 770 T o VEBICBOTEITEREE ny £ny#ns ELTLEH &, ZBEFIAN
FEIHEMIIZ>TLE ), FITEIETRELALLI 7V T 2 VEMAEIX, X
(412 (c)) DEITAZ v 7EHFMICE T RERE (ng) 235, I Y7 HIACH
UCIRE R M & BRI I3 LWEITFR (ny =ny) 2o T05H & Lz, EBICE
BIZHW-FERT,
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€m1 = 3.9+ 0.8A¢
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ey = 1.840.51
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¥CTH SHGREEIELE RV, 20720, Ac 250 DHAIL Ei=0 DMRE L Es=0 OME

73



F 44 o BS7 YO T DORTIG A—4¥

space group a (4) b (4) c(4) B(°)

C2/c 25.92 3.790 23.92 904
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THEY., IV URBEEROPEIZRNIIRoTWDE I LWbhb

TIERIC, CORBTROBFTULZEZR L-FE. EBO7s 07 VEREIIBITA%
NEFNOSFOREMZLZEL T, BRATAETFVEAWVWTSHGHMEDEFMEFELT
Hhbe TTT7HRIToVDHTG AR ETOEIMNZZEZTHAL, Vinott 5, 743
7=V ORADPEERON T AEREDREICL > TRECEMTHILEHEL T3
[23]c BEHBEBEPZNULOERETESEZ TS L. b #EIPHERIIHT L THEATICERS
bo B AIZINIZ, KERTHOERELZ HW5E Z & TRIRARS M VORGP L
LR TE D, '

FT B 707 v OTFINT A—F 2K (4.4) ITRT 6l TNE T, acHH
DEFEEIENT2OIT, aBhE b HSENRFEICH LTED L) ICHEATVWEDDEK
ALIZKWEWIEZ b H oA ERITIITRRTSH D ¢ MAENCEH IS U TFT
DI EDHISNTEY [24]. AEEBRT D ERIC XIE % BV CRIE 2 AR, 2
BB LT o TWA I EDHERTEL, F0O0EBOFETIE, B (4.13) ©

CAFEEO7 s L7 2V FRRACEETHET AL LT, §HEETo 7 (FLL
i¥ appendix #ZH),

I7BRAIEY I RBERIIBNT, FFP DDttt - TB 0. z FHERT
OS2 T B E MRS DS A & Ao KRB, SHGHMEDEFHIZZD

74



X 4.13: SFEATHWEINOEF )V,

FNEFNOEFTDORESTELNT 5, BERMTEENENOEERBEL A LIITETY
LZWOT, A BEELT Ape #ZLERALZETCSHGHMEORIH2FET 5, B
VIR T, App1 & A ODREBLSETHERZTI DI TH L, TOHREK (4.14)
IR Yo TDEIIT Agip KHIBREOHHE R/ TRE L THIMERI 7 HRE
Lo, EBREELHPTALOICEEEATHTHAI L brolz, ThDLE
MBI A/ERTH, NFINVT IR TR TIIUIT T 4 RTF Y 7D
SER L EREIC . B STHOBROATINSHGPELTWS LHBT 5 2 LIz
THAZEVHLPICE 572,

T, PFEHEERA*ZEETAILERAL ). TRTHNIT, DIEREOHDT ¥
Ny T EVHFERY Y7 ST, ZhE - 2OBERZGTICRL TS FHERE T
WEBERE—- AV NORBELAZEFEENTHL, LIPL, F0L9) 2ERESFICET
HEMEIIEIEESERICZ YV BENTRZL, BEDOa Y Ea— s TRIBLAEATET
oo

SFEHEERZRED 256, 1 20FRELTHTHOEZYVESZRETSH W
AFENEZ NS, FTHSTOSTHMBELEEL, FNEHEEE o Ty
FEIETHTHOELVESEHETLEVIHTETHH, £ TIITRH 12D FIC
MLTHE LS FHEZHCT, 205 TERY v 7 SHLIETERE- AV MY
DEIZBALT 2OPERARTAHAL I LI LT, T, BRE— XV MIOTHEHEESE
A% ANE—D2DHETHLEEZONLTHA ), L LESFFITOVTOLGTEL
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BRB oD F2ZF0NTIRY v 7 ELPBF TR, FNPIARLDOZROEFREETET &
BEZ RV, Thbb, HEOEBRE—AVNOBLZEHRTALLIZEZICNVD, 1o
DERLLTIOL I LEERIAEHNTHHEELZTVWS, [ (4.15) ITA¥Y v 7T 550F

15 . . . T . T \ T 0.05
Qxx
0.04 v(/-mn)
y (/100)
3 3
8 5f .8 0.03F 1
€ €
£ £
5 Qyz 3 0.02
£ T ———_ €
- 1 c
] Qz; 8
2.5f ‘2 0.01F .
g g
= = z
Ay 0.00
-15 - : : - - y * - -0.01
1 3 5 7 9 11 i3 15 17 19 1 3 5 7 9 11 13 15 17 19
number of Pc molecules number of Pc molecules

M 4.15: A5 v 7 LTWALD TR T HEBRE— AV DR,

BICE2BBE- AV OFLERT, ZORPLLRPE LI, BGTTIIERTET
Wie z BIAEGDS. A% v 2B 516t THRLTL 5, —F., BEONIETE
BE— X MIRRE LTx, yHARSEHBL TN, FARIARZ P V55
BRIRBICBWTERE— AV NIGTPHAFMSILRHTH L EEZONL DT, EH
The DL N DOMUESERETULENDS LD b,

WEKRo TWARMERIZ. TNFNOT VI IVEGFORBRED L I Il o TWAERP LN
ITETHb, L LEROEBEIZBVT, ENETROMERTORSY v 7 ¥k BARIIC
RELDAZLIZZIIATMETHLLEZ NS, 22T, BIFLERBI A% v 7 HUC
HTHENFNOBBE— XL NOErL, FOBRE— 2V M 2R L T 2 IEH
ERZERORSORERDLZ LT, SHGORGFHEFIE LA (1 (4.16)) 2D LD
e A%y ZBHHINT 518> TS HGORGESHERLTWS, F/2, RICIIHENE
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X 4.16: A% v 7 LTWASFEIZHT 5 S HGER T HEOE,

HA2EHLRETORY v 78I TASHGHENDEL 2L L TH A, 1TLAL
BEICEMNE N EDbD b, SZTO, {HBOLRTHA 1 OBOGTIAY v 7 L
TWAIREETIL,

I z%ﬁge
—orge — 8.5 (4.6)
I s#zall

Ll EERME L BT D LR E LTSV 00, ST EAREIEE % e L7
BA LB LTh%R ) ERIEIEDIT 52 LR TE N,

BEIC, pE7 07 = VRABICETAFBRIIOWTA LML TBEL, INETH
M7 yul 7= BEGICBY 2B HEMANRY P VOIEFISHEWE A E S 1],
FRUICEINTESZEIINT 5 AT & o TESMEPBINICEL L TV b, 207912 3
HMyyus7 = /EAETOSHGHERT I L2 E i/, fRIT7 507 = VENE
o #7507 Z VEAELZLILLTHEL I LIC L, LELENS, M (417 (a))
WKRT LI ICRINARS PVOEFMZH T VBT E Lo, EBICIZ, g BOER
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417 fR75 07 = VRSB 5MIRARZ bV SHGANZ b VOEFH,
o BEBRL)TEELRENETSH S,

T bl & D FTHA46REMNTBY , RROBLSHEIZITL AERFMLR W
CEWFREENE, LPLEYL, BHEFEICL > TQNAY FOGEENELLZ DD,
BBLEORMLZRAESHZ LD TEL, BONEEKEORMILE RED o722 5
HE Y EIAEN L m}:‘&ivw\iﬁ‘f: Cyv TARAFMIZ X B2 EHEBIZEICE o TH R WVIZEM
LTWEEIEWVIEWERICZ>TLEo/, fRIVY O TV EEEB L OO
LT, BRERESTHCECRETOEE I RESIN TV LY, ERICERENHTES
EERZT7 LT Y HPREETT. TLEREFERCEREL TS o BIZR>TLE I,
COEITHERWIC « BD L ) REECEAM LR 2/ LI TELb o7, HHN
7:0 FIREHEICBWCHIE LZSHGARZ PV EK ((4.17b)) IZRT, 25 bh b
LT RLIOREICRFEISHERTE S, 46° L) [ BEER O b #il & 4571 &
DIEE%ZE LT, MELEHEL AL LOFHMEEATS ABEHEELTH, K&
LBERFRRIBTELRNI Doz, DL I ERBELREEZNSENVLDIIT
3 A BIRABICE L TRREDOAZRT I L, BRI bR v, B EFTD 7
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OITIE, FITEEICER L7 f ERORZES Z EFERSN, BEORETH 5,

INFEFTRTEZIIC, 740 T2 VEBIIBITIESHGANRZ P VIZBWTHF
MOMEMAPERELBREF > T2 ZLPALPICE o7z, £ LT, FFHMENEA
RESICERLZGE EHBL T, ST7EHEERZIRY ANS 2 &L TERERICILD
MOTBZEICEII L. LA LS THEREGTRABRL VI U TELLBE. 5T
NBEFKEGIC o TWELEEXTELIX RV THS ), TOZ LIdMHEENELIC
HoTSHGOE - NEBENFELLLWIEDPLIIFTELEEZLNS, 7277L. S
HGANRY P VDY — 7 BN EBERHANY P VBT BBMBHIMEEZ D - 72/E L[
CTHABLEV)MEDLKZSTVE, TDL) RMOGIEL DIBIZDOWTIZE 6 Tk
RHZEIWZT b,
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RETE o #HERBDTTHLRI VI VITETAHESHGARZ P VITE
AR EHRET Do n BEFROKERTHARY T LF L yRK) VT LFL
VICBIFAREIZINTE THREESNTWAN, TZTIESHGHEZ o %
FOEY LT VW Lz —HORY V52T, REZELSEHIET
FHEOMEPENT 5. TOEHFEEDEIICL > T, SHGCANRZ b VBl
BB T 2 Z DO R0l Ty SOANRT M VOERITHLTT
HGESHGIZBITARERBEBVFERYIZHS IR o7,

51 KU >»

RS VREHPBEEFIOBRENTVRIESTTTH 5, LF., BeEHELE
REOBETHE (1), RS LIBLFHREL & OB W L) £ DR
RENTETNS 2] RY VT Vid, BREEFICL o THESNAZRTDO VY 3 ViR
(Wb LBEDLERELOP LN LB Lo Tw5) L3RR, Z2O—RITTH%HE
ED LB EEE AL T E, EEOHMMTEMOERICLY), BEOY Y 3K

EMENICNTLETH#REZEALZ LT, 2ESELYHORTHEOREZHARL L
Vo 7a k) RIS ZERTWA, LEL, ORI YEZFOSTFHEN Rk
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AL, REOHMEIHEON, HISHOBHEZEZ A LICL o TEHOEFINELZ H 5K
VM-V TERLRE, IRFICE s THRINEWEE VR X ), R T T U ORFEE
1924 4E1Z Kipping [3] 2S&E T PV 7 ATV 7227 uns 3 v hbRY V722
I VEBB LI EICmER L TWA, FNUMIRA AR S, 1980 IS HA R
BIICTE RS UHBERENSL X ) IChb L [4], WHACOMENBRNICITbN
BEILhkolz,

R V7 Y OEHFREEIZZOMBIC L o TRELSENT B, KT F VOEHFHMHEEIIR
BILT, (1) A=V bT A&, (2) PV A—T—T a2tk (3) 7/3~NU AV
EOIEET, TOMICEF -V S Y AHEZROR) VI Y O—HTIR, »5EE NI
ETHF-ERFEELRES LT, FHIENTEEEZINS 2 Mo TnE, 2he
NOFHEEE CEFRENR L2720, Mz 225 L CHEOBETIRELEMLS TS
ZENTEEDLITTHA,

D& =R ERTIE, ZORFHFEL IR LZOIDL L5, NV NimEfET
OWILARY P VBT, R RFIETFIC & 2 FFFITRATIAN Y FEIZHN
ZENS, EBRMRUERN B KAREINTVE, KT T Y OBE, RIWARS b vid
AR BRI TSI 5N b, Z OWRILE FHEFICEWRLEE 2> T
é:t&&#%‘iﬁﬁﬁmﬁﬁﬁmtta«mﬁﬁﬁmﬁﬁéhiw%qmoit%mﬁ
Rz & D ITRIRARYZ P VI ESFEEICH CRELTB Y . G — T TR
¥—27 312z CABIZENNS,

AL THWZZRY) Y9 viz, PDHSEPMP STERENK (5.1) O &) 2tk
FoltRIw—ThHb, TNFN, HHIC2Oo00O~FIVE (PDHS), 7= VvHE 2
FNE (PMPS) 2HoTWwWa,

R 2T Y OEBFIRBICET A 78I3IFFICE {ATbRTETEY [7,8,9, 10, 11, 12, 13],
EBRI BRI FEETRHCTRAGTIRE 2SN TS, KT T VIZBIT 5
BRI AN F— OFFAEMITRINEOBRINA RS P VICE— 2 & LTHRTE 228, &
HEEAICE L Tld, S ETERBERARZ MV (9, 10] R HFRILARZ b v (12, 13]
REEAWTELOMREILRENT WS, FNUCL S L, PDHS TId 4.2 eV I EEH]
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PDHS PMPS

X 51: PDHSKEUPMP S oz

OWNDPHAET S FTEHBEOTIIIT LT, BRIEMN & FFEMNOBBIZITEAY
LW T &A%, EBRIZHOLONTWA,

5.2 RKUITUICHEITSBSHG

FF. BMROSHGZEHWTZ OB OB 2R~z B (5.2) KPDHSIKBWTE
BCEE LA SHGARY P VERINARY PV EITRT, R bbb L HIT, 3.3eV
B LTV BRI~ 27 OB ANV E—fl 42eV HEICSHG Y~ 27 2HERT 5 2 L8
TEfy COV— 2 MBRESETE. ZOMOSRENTE L o THRS N2
DMNEE—HLTEY, SHGARSZ P VIZBWTEKIBEMNSHRE I N LB bh b,

RISy ORTHLABEICT VFIVELREOLDIZ, TVFVBEOESIZL->TiEd A
R CHEER R T I SMONTWE, R THVWTWAPDHS b, 4
2 ECHBEMER R T, BBAMUT CIRESIT all-trans LT, BT 2 ZHBOH
PRI RLL TRy F 7 LTw5, LAL, BEBEL D LRENSEL 2L L. I
DSy F v IEENENRSOBRESE T, FOKREL LT, EHD alltrans DX %
ENVLEBELHRT AL TERLRY, AN R T [14] EEITIE, K (5.3)
KWRT I ROFES 2D I T LF—% LT L) LHlEEEL L A2 LML T
5 (15l SOHT AEEHOFEICERICE ZLTE, —HOWRHTHLLER 5,
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all - trans structure disordered backbone

X 5.3: PDHS OkFE—EHEFEmEOBENE,

LZAT, ZOL)EHTHEEVERT L LZO5TOBTIRELELL, ZOHRE
UTRILA RS b VIZH BALD BN B o REEMER I ) YR ANRY bV OZALZH (5.4)
WY ¥— 7 ORISR L MR, REFEETICEI50DTH LM, E—I1{
B33 eVITEDPH 4.0 eVAENEFHGIANF—MIZT 7ML, BRIT T —FIZhoT
WA EPbhhh s BRI EHICEASINE NG XD ERI L M ESE
K%Y, ZO00ICRNE - FEIANF IS TP THLEZLIENTEL, &
DAHER I ) BFREOZE(LIE ., BRI FHEESE LMV CHEN 2 ShTw
5 [16, 17, 180

AEFFRIT BT, FFICZ OBEHIREIITT 5 SHGANRZ P VOELIZEH LTWwA,
FOR, BHICHEBEEEDOAZRZ2DOTIE R, TELLTEVWEEESEETARY
MV ERBHIET A2 810 L7, $3°, BUOWINARY M VOSEr s, BEEICES
ARy PVORAFEER (55) 1TRT, WRICZ 51T, E—r PEP LA 5B 4
WVE-M@IZT 7ML, BIRPBL 2o TWAZ L 2R TE D, $/2, 163K DAY b
VIZBWTE, AMVE—J OB ANTEF N7 4+ ) YFARNIFEEDREEEZR
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HBIEWTESL, —FH., BlEMZE TN E, 30T KIZBWT, 2LKDXAf E¥—2 &
HFENMEBIC. IE R — PR TEL, COV—ZIZHLTIE, BREION T L F—
MR L= 2 (BRI NET T 2T —MHOER) L —BRIZFEESI LTS [2],

5.3 FUIF2UICHTSSHGCDEEKFE

RIZ. SHGARZ M VOREMRFEEL BT (K (5.6) ). 3. 307K T4.2eV
PECAFFE L7z €= 245, MR 212321 K TREEICHEL TWA I b h b, &
WANRZ MR RTABLE, B ESEIC06 eVEERIZAVF R 7PN LTWED
T, —RSHGE—=23 37 LS kizloTHELRLIIICRATLE) Ohban
Vi HB2ETHRARAL I, WRTO 5 eV HEDREIZA T 205 ORIABR S T
LEVIEFICHRETH - 7205, BRTIEEZO L) ZERBH SN TBLTHEIETRET
Hotzo B (5.6) 101k 47eV 2 ERIZLDZ T 7 RRLTWERWY, 5V HETOHIET
b, SHGVZ FARBELTORWI L ZHEHALTWA, Soos b DEREIEIC
%ﬂ@ﬁ@%@@ﬁ@l$w¥—®L%%wﬁﬁﬂﬁﬁ?ékéhfﬁbH%JMVN
EETOWEBIZL o THREINZVEVI LT, B2AE—2 37 X530 TR
L EBRICSHERBEL TWAWI EERLTWS,

SHGO Y — 7 BEQREMRAENETET Ty 55 (8 (57)). BENERATS &
R MUBETO=FIZHhoTL b, TN VEV T T77 77 =R LTWALAZ EEE
BRL . ZO8HEE L THERLE I - 7EMEL ITRD LT b, TN BN
RBIIAEBICHEL TWAZ LB E- &) Ebd b,

DX % REERFHEIITHG [20) R4EE [21, 22] DWETHHFHN TV 5, Baumert
5%, 1064 nm & 1907 nm OZHET, PDHS., PMPSOTHGHIE %217 > 72 [20]0
FICPDHSICHL TR, B —EHFERICHTATHGORE 2TV, 50
HREE (5.1) LT,

KOPDHS Oz RTHS 7% X912, HERICH L TERZROENFHI L Tnwb,
% 721064 nm (2B BEZEROELITH LT, 1907 nm 2BV B EZEOEII/IE N
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57: PDHS®SHGARY F VIIBIT 2 ¥ — 2 IhIE L U 2 (7 B OB

£51 R TT VBT B

Mnm) T(C) x®(1072esu)

1064 21 5.5
PDHS 1064 50 2.0
1907 23 1.3
1907 53 0.9
PMPS 1064 23 7.2
1907 23 4.2
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gl

LD L. DI 1064 nm (2B HEZEOEMDERE LT, £BHLLOFTNTH S
FLTWS, TbbRIRNY — 7 2SI L Y 370 nm f5EA S 320 nm fFEF T 7 b
L. ZO/EE LTENFHBICL A2 THGHEMAKDORRERITEITHLEVR) L TH D,
CIT, XBOMRPEDRED LD HMICEEDL > Th b, BRAETITHET
SROFHEBRZTENI/ORay 7 EEBMTTEL 5N 5,

7 o Nog 3 {glulp) (pluln) nlum)mulg) x

m,n,p
1
(wpg — 3w — 11'p) (Wng — 2w — iTy) (Wing — w — i1',)
1
5.1
(wpg +w —iLp) (Wng — 2w — iL'p) (Wimg — w — il,) (5:1)
1

+(ng +w — i) (Wng + 2w — i17) (Wimg — w — iT')

e T — i) (o ¥ 2wl i) (g + 3w = z‘I‘m))

RY T v OfpEREE UTHFEORBGNETF . ZEH0% 2 e+, € L THEFTDE 35
RFDIDeER5 L) a=UMEEZRET S 23] THGHEBRITXTEXIBTE
BE2EATEY, BERBEREMETOMOBEET— XAV Mo uy 8B, LiTFNF
NOKREMOBEE— AV M ERFETRT LT H, CNOLOZBNEEOAZH VT v &
RHAT 2 L & TNENOEROMAEDLITOVTORE & BRESD B, HRMI
EXRHRESFEL, EOHOALER L T BENLERICIHEIT T WwEEZ 2,
RN VE—RUHRRTHY , BERED S OIS THME IIREOETICEFTT 5,
T/, BERRED OB ADIRE)FREZ OIS, TOZ Db,

Ho1 2> [o3 toz = 0 (5.2)

EETILNTEDL, ZOKENE LTRENREFICTHGTETFHRHBTLE4IC, X
(5.1) THEHIZZ B DI,

(O] 1) (L] e|2) {21l 1) (L] 1]0) (5.3)

BEUHTHA, FRHOIINS A—F L LT, FNFNOWUNOLALE -y Y777
Iy —%5: TEBICEELRToThDb, ZIT, B, & B, 3HAEMNLE2HENOLT
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5.2 FHEICHEHL72YT A—%
E; (eV) | By (eV) | Ty (eV) | Iy (eV)
ordered phase 3.34 4.22 0.07 0.12
disordered phase 3.95 4.83 0.12 0.17

ANVF—THYVRINANRTZ P IVESHGARY MVOMEREZZF0OT FHW, BiEMEIZE
FABRHEMO I A NVE—ZBH SN TV EVnDThh b, JREMIZBITA IRV

F-Ze Il lWHBRALL ¥V EY T 7729 —=0RLEICARI P VORI LEB X
FRED 07205, ERMHEEIINIEWEL ) LeLEYEL, F ¥V T Ty 78R
SR TDH, ROONDB v DHIZIZLAEPDL RV, #RE LT,
Yordered = 1.35 s Ydisordered = 0.345 = M‘” =3.91 (54)
Ydisordered
ERAZLDTE S, THITEERME.
Jordered 9 95 (5.5)
Vdisordered

#&Dﬁ%wﬁmﬁofwéo:@ﬂmtbf\ﬁﬁﬁﬁﬁTHﬁwﬁEﬁ
I Aihftiofw%t CTHROBERIAHEE TLE 2 TWd &) iTREH:
&RV VOBNEEY ZBMICRELTLES 72720, REPEZLNL, ¥HH
LA, K (5.1) ICBTFABRE- 2V (X (53)) OENREMHEE SRMETIZIEAL
AL e Z2ZbNhb, $721907 nm 2BV AEZEROLLIZHBOEELIZL A LK
RTE, xO OB ELORBOHRICL L L D0, T I3FFE —ERBERICHEN,
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FVEGFRLTHE, THICLY ., THGARY MVICEHIMERLAD T HF AR 2 T
WBOR, TLEFEFENADZTRESNR A TW L0 Fbh b, FREMNDO—N
FHREBIZEH L TIEHLPICBASNEDTIITIRIRL TRV, MERSL EHL R L

110



512, B SAHIEN A O TS0 L FRYERL (BN F) ~OSHTHWAGERAY I
FIZEEoTLE) ZEXDDL, 207D, BITRLETHGREDLAOIBA I -
) ERRBIFTELVIRILICH B, L LEDS ., BEMICEZ TR (B/NXVF)
ANDZHTF LB O REMED E V.,

ORI, THGARZ M VORFHEEZFARD 12012, ASPLOLEEA b iz L CPAT
BEEEER LTV ARATLHEE T o7 ZOARYS M VEH (6.5) 17T FREC,
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65 i7snv7 = VRAKRTHLNIZTHGANRY M VEFME, SHGORGMZ
FLTHHH, BRANICTHGTIREFREZHRATE 2d o/,
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WIXANRZ bV SHGANRYZ M VHROETHOHRE, THCARS M VEDHLED
AtbﬁﬁbfééomﬁﬂfééﬁU4iFm\%h@%%éﬁﬁwgé%%OkTHG
BMENR o TLEWV, HIIZI 75037 02 o0 v 7 F IV ERFIFEEEICZ->TL
9o A=N—=T NIV REEANT xO OMNMEED THIT 2T 213, STHETRTD
HEEZEZONENIITEfTo TRV, #0710, FNEHFOTHGHERTESL L)
BIFEIHENR)SIFDAC Yy a—- Mz, LaL, E2EBTRZLHIT, 2
DEILGLHENRY A IFTIE 7S 0I7 =0 OEMITTETIRE (. ZORET-HRILA R
JINTOZHBEDPLHRDLI LN TEL, 2072012, FEICEMLZETIE 1 058
BEHERTETWALSHGARY FVORGHL | ZHEBE LR TE 2h o7,

L»La2s, MERNTHLP R L HIICTHGANRYZ M VTIE, I L-ERETIE
REFMR I L ACHERTE e odz, 75037 = ORAEREETERL, THG®
EEREDPLDEFLZREL TV ARVWDOT, ZORRZHBERTIZHEHBTE LV, LAL
RO ZDRERDS . SHGATHG & g L CEREMOBINIZESTH S Z L IEHL
PCTH b,

6.3 740 T7 = NEETEAITE

HEBEHEFLTNET I UL T VI, TE— % EOBIETOBMBEE & LT
JBHENTWS, NI TIZ, BIEEREZ MBI 57200l OPTbNRTH
D, BROREIZOWTIE, BB L) SHEGE—EEREICER L, #hh5
NEREHIC & > TR SN EHBE) (CT) IRENEHEHN TBER TS L) 7 VT —fk
BWIZEZONTWE, 2O CTREDERIZEMBEIIBVTEELINTVED, 20
B REBES AT O R o TVA EREVEEVY, COXIREELH ). BHIK
U THBRIZIGET 2 EEZ26NA75 0V 7o yOCTIRES, BEERNEICL-T
B L 728 EDVE CHFET 5 (11, 12, 13, 14]0

VOPc Ot & 7 EN 7 7 AR TOBBEHPIRARSZ PV EH (6.6) 127 To T,
ERAICBIT AEREEDIEZINTENT 7 AMERRL T3IMHIEIEMLE-THEY., B
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#6.1: FHE 707 YCEELCELRVES. bEl (R¥ v 7) Flm&., a céihm
TOHE,

E//b |ELb-1|ELb-2

a—type | 1 x 107 | 2x 1075 | 2 x 10~°

B-type | 5x 107 | 3x 1078 | 1 x 10~8

B LTBRIZ 2o TWA I e Wb b, L L, % TiHli~<5 Tokura b DFFRED L 5
. QNYFOFZANVF-AICH Lo HEEIRONT, SHGOBHED LI HIEEL
> TORINGEILIER SN Twiwy,

Tokura 513 S BH7 ¥ 0 o7 = v QHEERICBWTEREFTANRZ P VERIEL (11, 12],
QNNVF OFLANF—HOFFIZER I L TIEFICHRICDE T 2#EE2 C TIRETH
b EHROT 0D, COBEERATHB SN C TREOMED, SHG AR M ILIZ
BIF S EHIHEM L —H L Twad 720, SHGARY b VIZBI 5 E— 2 H35FREIETIX
R GTFREETH S L) TREUEDSH o7z, 7407 = VERICBIT 5 S HGIE
HAETF N OHXTIEFITET . FFRHEIA 2B AN S LEF DS 2 L hibhol,
L) BRSOV RIE, RHRC THEF~DBRLEZEZ ThniEs ), 72721, K
e LA T 1 B0 B EEEE T 5 157 = ¥ T ABEMS. T & L
TRKEL Lo TVBZLEESEORERENL DR L, THIIBBLETAY M VIZBIT S
EHFBEFELTVWALICEZ A, Thbb, gR7 0L 7oV HERIIBIT AEY
BRARZ P VIZBWT, BFEBZEHINT2HFMAbEHE L T AEAIC, RWES
PHERTEDEEERTAGAIIEHATELIEIEE 2o Tn5,

FTOERE LTI, ol & gRIIBITHEESTTHOELR VEFTOENEEZ bND,
% (6.1) 1T ab initio BHEICE I T Ao 72, BESTHOERLR VS 2R T, £
AT Y 78FME FNICEERFMTORZYESERLTHb, TDLSIZPET
. bENHHOEL Y EESPBHICKEL ZoTWh, TDZ DY 4 BIBEKERICBIT A%
WEFTARZ P VORFTHOBERTHALEZONDL, LIALFOLHICEL2LLELSE
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O B HEMBEOBER GO ON LV, THIZELTIZ, BEREEREE VW ¥~
TIVHIROENTZFDRFHIZHEE RIZLTWDLEERZTWE, FN-HIZ 8 Bloses:
FHEEZE L D & L7202, BREESICEIA L E2BE5IEES 2P o7z, g HOR
SRABETHOSHGANRY b VREUEBBERHANRY F VORED, TOBEVEHL2ICL

TNBITTTH 5,
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RO BOWEICBW T, BRANERTERICL 2 EBHEM~OHBSHG %
BT 2ZL05TE 5, AL, TOSHGEHAWASLEE KEdHh.0 2o a1
Yo, FERE SN ZHRICERA L., Z2OMBEICL S SHGANRY M VOZEIZONT
ARZZDDTH B, FRIZ, 750 T = /IBIT AHERICHE) SHGHRENEILIE., &
FHEROMESEHNBSHGARZ P VIZHEEEZRIZLTWAZEERLTBY, 2051
MEAEHOREEZH ST 5O IEIECOMEEIT o 72, A TOREIE, W
ETOGFOMNERBROIERFTRETSH Y . S FHMHEEHZ GO LMETENTE A7
DTHbo '

BABIZBWT, NFUNMTITLT YORERME—T ENT 7 AMDOELIZ - T,
BEEETI SRBULEE W) SHGHREDRIW 2B LR L, F-FEAE 7O 7=
VHERED o Bl— p THERRIE ) BB MR L, SN 0MERE . ST EHE
Rz BRLAZERTAEFTVTRHEPATE, 75037 = L EOSTHEAERICBN
THFHMEEERPSHGARY P VIEEEZRIZLTWAZ EER L, ZO5THH
HAEHOEHZBEOPICTALZORIAIFRZEMFA L LTaMy7 a7 2V OEER
MEZER L. SHGREOHENAER ML HE L, ZLT, ZOEHME 5T
B %R L7 3BEFMCE 2 SHGMERE CEREISETF A I LN TEL, &
NIZEY, 7403720 R EORTFEERPLDERDSHGIZBWTId T MMEEAE

118



AP ERRE RIS LD RE,

E5ETIE, RENHALEROWETHERY VI LD SHGEMAL., 200
BEFELZNET 5 2 & T ERIAFRINER ETHE SN TV EEHIVEN 2 #ER L 72,
25 ICEMOBE —BEFEB I TSHGARY M VABIMICET 2 L 2H 5 »
U7z BERBETIE, CORRE LTEBITHEASNIEERMRIZLD . o BFOIEREL
PREESN, ARREEEIEL ko0 bR L. /2, 2oL EZTHGOHES
LHBL, BROSHGDIZ) A DL ) AR L THERIIEET L) I L%
REL

BO6ETIIERANELBTFICET S SHGOFFOH A AFFR L LT, HIT—KRTTARTO
FHEEFEIIOWT, R HMZEHETEFVE, KUV EHWSTHLERED
HRPLDOEL ZIT o7z, FNICLY) BHEFES VTR, EHEDO AR > THRXR
AL, RY L2 HWAEETY ZHEOMREN L AR THMT 545, FHEFELC
T BIHE» THIIMRIGES LT S edhbh o, T, IUERIC X » TE DKM
WRZY), TNPR) TG VBT ATHGESHGDEIL B LTE/EL T,

119



E8E

NI

Appendix

8.1 SHGETEMDM

ZITE, EBOSHGHEORBEL D ICOWTHLHET S, SHGOMEFE
BRICRAED BEITIE, R (3.45) IRENT WA, FHIHRR 2 THE OB % KD
%o KIZH (3.50)(3.52) DX Z AW THEER TRAET LIFMEIBEFHHET 5, HWVT,
Z DIERIEG R H 3 (3.56)~(3.60) % V> T inhomogeneous W OIRIEEFHE L, &EIC
X (3.64) B OBM SN B SHEHRIET 5, ThHOXEFATW L BOEROEEI
Mathematica % AV THF o TV 5, CORTHRDEEL L A, ¥ 7 0 LIRS R
LIV UBIERBREEL DL ICHESIT AL VI ZETH D,

aB7 5T 7oV TREZEOR L DOL ) IZER EICSTFHFER, 2070, &L
3 4B (13) DL ) IT4 DO FHEEIHFRET B, L) EFTVTEHRTE S, 20
T x. b9 —EH (8.1) ITRT,

EFRENDGFFIIF LT, ¥/ OIS RE 37 0 RS E L EEDT) 5.
F A9 —fA% BT,

cos¢cosfcosty —singsiny  sinpcosfcosy + cossiny —sinfcosy
Rij=| —cos¢cosfsiny —singcostyy —singcosfsineg + cosgcosyy sinfsiny [8.1)
cos¢sinf sin ¢ sin 0 cos
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z Y Y
(a) ()
(b) (d)
z y Z

8.1 HEETERS42D5F,

#8.1: ENEFNDGTEEINT 54 1T — DR,

¢ 9 ¢
(a) | —7/2 —w

js]

(b)y| #/2 74w 0
(c) | ©/2 w 0

(d)|-7/2 7—w O

B ENFNRE 5T by HITRLY, (0) 25 (d) D4 2OFFREBICH LT, 44
F—DEEAIIER B DI HICERENL, ZZT, FiCw IFTFREAY v 7 8ED
RYfEET,

Hiid, ZOF AT —HEHOEETHEN T, Ay LT Ajoor BF5T 5
FELT

Rii’Rjj'Rkk’Rll' /\i'j’k’l’ (82)

TE26N50DT, MITHESFEETEFOFSEEEELTWITIEI v,
SBFBAET v 7 L TWAEI L LANEDETZ2EZE LT (Dy, — Cop) T2EDL
e LT Dy & LABEIT, FNENOMEBSTFEEICH ) LoBR2E (8.2) 6 FK
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(8.4) IR T,
BIZ, TR ENTVDE I 7 U EEZRIGT L CUTOL ) ICMEEEST T I v,

bl

1
Aijw = i > Ry Rjj Ry Rip Moy (8.3)
N

COEETIE, ML I/ OREZROBPRETELDOT, BUBSEZHO L, £h
FIURSHTORESOMBRERBED 57-0I0TFEEFTELFHET 5, TFIEFET
EX (8.2(a) D& ) IEEREREL CHOTHELEHAL., BRE- AV 2RO
ZHFERAY v 7 885K ME LTHE (8.2(b) D& HIZHRE L7,

8.2 STBEIHETEL LS FHER (a)o 25 v 7 SEBH MR 2 HATHY, y &
IR TATBE S5 (b)o

BABTHRLED, A v 71 L THBTEBRE—- AV P RED L IZELTED
PEH (8.3) ICRT, ZOMZERTHSLIIZEHIZ, x FA, y FADBBE— AV LI
LTz HAOERE— XV MSIEFRIT/NE W,

%ﬁmﬁﬁ%uxa@%%aﬁwzwﬁﬁi%hé\

Z (91GsIm) {nlfix|m) (m|iulg)
R4 (Wng — 2w) (Wing — w)
QMWMM%WMMMM

(wng + CU) ((.Umg - UJ)
MmmwmeWM%m»

(Wng + W) (Wmg + 2w)

z]kl -

_|_
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K82 BRANEMTHEBICL ABZROI JuRBERE Y7 O R ESRFALOREG (1),
A Asaze Aue Asen A1212 A2121 A1221 A2112
A1 0 cost w 0 0 0 0 0 0
Ar129 0 0 0 cos? w 0 0 0 0
Aiss | 0 isin?20 0 0 0 0 0 0
A1212 0 0 0 0 0 cos? w 0 0
Ajzis | 0 2sin’2w 0 0 0 0 0 0
Agayy 0 0 cos? w 0 0 0 0 0
Ag9a2 1 0 0 0 0 0 0 0
Asozs | O 0 sinffw 0 0 0 0 0
Agzzs | 0 0 0 0 sin? w 0 0 0
Aggn | 0 isin®2w 0 0 0 0 0 0
A3z 0 0 0 sin® w 0 0 0 0
Assss | O sin? w 0 0 0 0 0 0
A1313 A3131 A1331 Asus A2323 A3232 A2332 A3223
Apn | 0 0 0 0  isin®20 isin?2w  lsin?2w  isin?2w
At122 0 0 0 0 0 0 0 0
Aq133 0 =0 0 0 —% sin® 2w -% sin? 2w -% sin? 2w "}I sin? 2w
Agia | 0 sin’ w 0 0 0 0 0 0
A1313 0 0 0 0 cost w sin* w -% sin? 2w -% sin? 2w
A1 | 0 0 0 0 0 0 0 0
Agogo 0 0 0 0 0 0 0 0
A2a33 0 0 0 0 0 0 0 0
Asgos | cos?w 0 0 0 0 0 0 0
Asain 0 0 0 0 -7sin®2w -lsin?20 -lsin?2w -1sin?2w
Asza | 0 0 0 0 0 0 0 0
Azsss 0 0 0 0 1 sin? 2w isin’2w  1sin?2w 1 sin? 2w
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* 8.3 BRAMNEMTREICLZRIED I/ 0RBEZRE </ O R ESERALOMR (2 ),

A1133 A2233 A3311 A3322 A3333 A1123 A1132
A 0 1 sin? 2w 0 isin?2w  sintw 0 0
A112: 0 0 sin? w 0 0 0 0
Aq133 0 costw 0 sin® w % sin? 2w 0 0
Aq212 0 0 0 0 0 0 0
A1313 0 -1 5in? 2w 0 -% sin? 2w % sin? 2w 0 0
Agar1 | sin*w 0 0 0 0 -1sin2w -1sin2w
Ag292 0 0 0 0 0 0 0
Aggsz | cos?w 0 0 0 0 $sin2w  isin2w
Ag3a3 0 0 0 0 0 0 0
As31q 0 sin* w 0 cosfw  isin?2w 0 0
Asago 0 0 cos? w 0 0 0 0
Assss 0 ;11— sin? 2w 0 % sin?2w  costw 0 0
A1213 A1232 A1312 A1321 A3112 A3121 A2112 A2131
Ay 0 0 0 0 0 0 0 0
Az199 0 0 0 0 0 0 0 0
At13s 0 0 0 0 0 0 0 0
Ata1 0 0 0 0 0 -1 sin 2w 0 -4 sin 2w
ASESE! 0 0 0 0 0 0 0 0
Appi1 | 0 0 0 0 0 0 0 0
Ag99o 0 0 0 0 0 0 0 0
Az33 0 0 0 0 0 0 0 0
Aosas % sin 2w 0 % sin 2w 0 0 0 0 0
Asgan 0 0 0 0 0 0 0 0
Az3z 0 0 0 0 0 0 0 0
Azzzs 0 0 0 0 0 0 0 0
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¥ 8.4: MAWEMRTHEIC L ABRTED I 7 0 ESRE <7 O 2E%

EFLOBER (3),

A2223 A2232 A2311 A2322 A2333

Atin | —coswsinw  —cosPwsinw 0 —cosdwsinw — coswsin®w

Ai192 0 0 —1 sin2w 0 0

Ai1ss | cos® wsinw cos3 wsinw 0 —coswsin®w —cosPwsinw

A1912 0 0 0 0 0

Ais13 | cosPwsinw —coswsin®w 0 coswsindw - cosdwsinw

Ago1z 0 0 0 0 0

Ag292 0 0 0 0 0

Agas3 0 0 0 0 0

Aa3a3 0 0 0 0 0

Assi; | —coswsindw  —coswsin®w 0 cos w sin® w cos wsin® w

A3 0 0 1 sin 2w 0 0

Assss | coswsind w cos® wsinw 0 cos wsin® w cos® wsin w

Az211 A3222 A3233 A3323 A3332

A 0 —cosdwsinw —coswsindw —coswsin®w — coswsin®w

Anigp | —%sin2w 0 0 0 0

Aq133 0 —coswsin®w —cosPwsinw  coswsin®w cos w sin® w

Ata12 0 0 0 0 0

Aisis 0 coswsinw —cosPwsinw —cosPwsinw  coswsin® w
Ao 0 0 0 0 0

Aszzo 0 0 0 0 0

Asa33 0 0 0 0 0

Ag3a3 0 0 0 0 0

A3z 0 coswsindw  coswsindw —cosPwsinw — cosd wsinw

As399 % sin 2w 0 0 0 0

Asss3 0 cos wsin® w cos? wsinw cos® wsinw cos3 wsinw
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X 8.3: MM FERBE— X b,

x G, y FIAIDBRE— A2+ EHBL Tz FHDOEBBE— XV FAFEFINIVT L H
D, K (82 PHE (B4 IREINTWE I ZUREZE (M) PHTEIIC3 2E&ELEIE
EHRLTL Vv, ZORERELT, FRENDOT I/ URESERE I 7 U LBSELHVTE
TRE LT,

Allll = COS4 U.))\gzzz + i SiIl2 2(4})\3322 — sin 2w COS2 a.)/\2322

A1122 = COS2 (x))\2211 + sin2 LU)\3311 — sin 2&)/\2311

A1z = cos®whiapy — % sin 2wAz;91

Ay = cos’ WA1122

Agzzs = Aun (8.5)

Aggzz = sin’ WA1122

A2323 = Sin2 0.)/\1212 -+ % sin 2&))\1312

A3z00 = sin? wWAga11 + cos? WAssz11 + 8in 2wAgsii

Asgzss = sintwlages + i— sin? 2wAsga9 + sin 2w sin® wAgass
2185 2 EHTE B,
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£ 85 BUEMNEOMIBFERE— AV A¥ v 27 RICEDLLT., 1TLAETILL 2V,

transition | transition moment direction
1) — |2) 3.810 X
1) — |3) 3.810 y
12) — |4) -2.525 X
13) — |4) 2.525 y

EZHTINUBEDOFETE, B 84) IR L BNHMTOEREER T 5, BHllsh
AR I NVDHEZLE, QNYFOFIANEF OB TERL TS, 200,
QNYF e, BZANT—HlOMENZER LT,

|4> b1U
degenerated
2> g I3 €g LL?MQ
11> ay HOMO

[ 8.4: EIHTERE L T\ A%,
D LMENDF T,
1) — [2) — |4) — |1) (8.6)
1) — [3) — [4) — |1) (8.7)
D&HBERTERTAEA (3.29) THBEREZ T,
5., X (84) TRENSL I 7 LIEMERIRZRED 2701213, #nFhoER

BETOEBBRE— AV N EHETOILENS L, 2OMHELE (8.5) LFE (8.6) IZRT.
K (84) 25 Ny 3 1) PHNERFEROSM, k1 ZENEFNABFEROSINTD
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K86 |1) - |4) MONEMRFERE— AV b A5 v 7HICIE LT, EIET 50T,
BBELZ1 945 FETERLTH S,

N Oz Qyy G2z Qay Qyz Jzz
1 -9.893 9.893 0.000 0.000 0.000 0.000

3 -9.962 9.911 0.051 0.000 0.034 0.000
5 |-10.055 9.861 0.194 0.000 0.131 0.000
7 |-10.207 9.764 0.443 0.000 0.303 0.000
9 |-10.423 9.622 0.802 0.000 0.549 0.000
11 |-10.704 9.434 1.270 0.000 0.870 0.000
. 13 | -11.049 9.202 1.847 0.000 1.266 0.000
15| -11.460 8.926 2.535 0.000 1.738 0.000
17 1 -11.937 8.605 3.332 0.000 2.286 0.000

19 | -12.479 8.240 4.239 0.000 2.909 0.000
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Bo WA, (1) — |2) = |4) — |1) THRIBFBROFIMIZNEN xx DHIEIZ %Y .
1) — [3) — |4) — |1) DBB TR yy HWIC %5, Lo THE (85) »b.

Aijil = —Aij22 (8.8)

ThHDHIEHDDD,
T 725 (8.6) 5.

Ase=0 ,  Apw=0 (8.9)

THHIENDDPb, LoT, K (82)1oFE 84)FDI/ IREZFEOHTHEELEDD
21N

At111, Ag211, Assin, 2311, Arize, Aggge, Asaaz, Assez, (Aijin = —Aijeo)

IZRONG, F72, £ (85) LR (86) b, XA¥ v 7T A5 TR LTIDI 71
ZReTRXTRODLEIEDNTEL, Lk, Tho 2 (8.5) IRATAHZ LT, EB=E
JEEERTOR 7 U BERERRLLZENTELDOT, FNOLEZHVTIRBEF VLR
JFITSHGMELZFETE I LIIR 5,
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8.2 EBRMEHEFERTE— X OEBERKFEYE

TR, 770V TFoUERAYy 7 SHAMBIINLT, BBE— XAV OB EE
BL7: BI85 IIRTLIIC, 5205F%Ay v 7 3ET, HHREELS ¢ TER
T AV NDFERITo72,

Pc molecule

interplaner distance

& 8.5: EFEICHWRAY v 7 DERH,

FERZ I (8.6) ITRT . MEOTHREE (A) 2R L5, BEOHEMM (3.4 ARE) X
DHEIRS %h L, HEDERY)PRELLZYBBE- AL P PENLTWE I LA
5o
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£-20} g-10
“ \/’
XX
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X 8.6: IWEMTERE— AL NDAY v 7 HHEEBEEE, STEOSTE2A% v 7 887
RET, TNFNOHEREL LS L2 D,
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