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2. RAZRIHANL LB, AFLAHER—F @5

AEE - RERRTFHUPNHRKRZKZMA S G TAhMA, £+
B A BALAAE H 5 HAEZARMH T QEBRMHEE, AIERL
AMBAAEHEEERSTFHIXNCHARKZEELS, PEF IR
MH GBI LR A AN AR TANE BUSH O RBEZLRES
REEA.
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H AR Bty o B AT 35 4R AL BBE

AWHLZPHD H2001 588108 . ¥iFF 4018154352, KA L
2 H A B WA RS R R BB PR SR FF.
A K PR &4 4R B

AERTRELARBGELRELARHGEAB AL AES.
ALAHER

HMEAZREOLED)H R R EALZ Fitkik 9 X &k. OLEDR#
F) A & B %S5 F F 4 6 &8 L K (electroluminescence), FFiE 4T &
T LSRN, IR HEEBASHBHEAABMARZ A KA.
Ritey IHEBiER, EHAHRAKNOOLEDRB LA D ENH =L
AR RGRAFAHBA) G TF HE.

i ¥k 9, B B & (electrophosphorescence)f #F 8% X OLED A 7T #& bt
RAEEEZEXAOLEDEA AR EH N ETHE, XRUTEHGARA
Aty REBLEHGETRBEAREERRE, AOLEDFT HAMKT
(exciton)¥ K975 % e A ZRAMTFAISU AL RART L. =
BARFEEZKREMARTEHEBIRG LAY ZLBAS, 7
BEAMF—BBEECMNAHLEHBIRSTLRAGEEMLS. B
AL FHBMEMNLEHELSE T LR K LABRELTHEHY
ET, FIRZEBASTRBLA R FAS B R(relax) 2| L4 =
AMELS, AERE, FFARTHAETUHT A ZLEHEMR, A
EVEABALSAA, Bk, LEBALOLEDLA100% HERLE TR
2, BAMARTHRALESEHCHBAAA.

H R, HMEIEEKMH S EOLED T 1£ A vA &k (BaldoF A,
“Highly Efficient Phosphorescent Emission from Organic
Electroluminescent Devices”, Nature, Vol. 395, 151-154, 1998), H§ A
o+ T EA B BB AR R A R,

BE, ANSFHBALALERLM TR, AR, RBE—-EE
LHERTHENSFRMEABE, RETREAALEGHALSTFER
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HEREMRAER LOBASAEHA. H-RWARRSHHIET X
RGBT PH—E, ANBRALTFTEEFROBRETEASAR
FELAFLFHGERTHSTTAR. —XTFWAF2,2-BKat2 AT
BESF. BIR AL TFEFTRLERBRMNREB LT HET
FEHRT, hBEBAARBERE, HRIATRTFREHERARLEL
Eeh ARMEMBENNEF L, MRNBAREIRE R Z2- XA
WL )E 4R (DX X 9 F F AR LB L Bk & 7 #4 (MLCT).

R, EMLCTAL B BAAN S FAEHG RO TRATK T ORE
SHNBAALRE AR E. TAMHBORRRFEEFLELTET
EERARBAGTRAERGBRAAANBERREF L BBANHMN
aF.

FERBAREAKGLHBERMNR AL AR ENBEREF*

SRBE REALELEBAANTARLT KA FRALHEH X
LERTRAGERPEANLELRS. R, L2ELHRAKER
HEANLEBABHFHRET REASPZESRT, FHTHE
100 % # A & F &% (Nin). 5 HBaldo, M.A., O’Brien, D.F., You, Y.,
Shoustikov, A., Sibley, S., Thompson, M.E., #= Forrest, S.R.,
Nature(London), 395, 151-154(1998); Baldo, M.A., Lamansky, S.,
Burrows, P.E., Thompson, M.E.#=Forrest, S.R., Appl. Phys. Lett., 75,
4-6(1999); Adachi, C., Baldo, M.A.#=Forrest, S.R., App. Phys. Lett.,
77, 904-906(2000); Adachi, C., Lamansky, S., Baldo, M.A., Kwong,
R.C., Thompson, M.E. #= Forrest, S.R., App., Phys. Lett, 78,
1622-1624(2001); vA & Adachi, C., Baldo, M.A., Thompson, M.E., #=
Forrest, S.R., Bull. Am. Phys. Soc., 46, 863(2001). 1% f 4 &85 4K,
fac Z(2-FEWR)ySR(Ar(ppy)) LT, LK, A TR IARSH
3-RKA4-(1-BR)5-KE-124-Z(TAZ)ER T A F>85%H A ¥
F K F 49(17.610.5)% 89 5t F F A& (Mer). 5 W Adachi,C.; Baldo, M.A;
Thompson, M.E.#Forrest, S.R.; Bull. Am. Phys. Soc.; 46, 863(2001).
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B, &R (Mex=(7.020.5)%)4r & B BE A B X (2-(27- % FF [4,5-a] K% £)
B AR -N,C°) (T BLE & B4R )4 4K [BtpIr(acac)| F 2|iE . £ H
Adachi, C., Lamansky, S., Baldo, M.A., Kwong, R.C., Thompson, M.
E.#=Forrest, S.R., App. Phys. Lett., 78, 1622-1624(2001).

BAXEBEREAGE—FT, A3 G IRLELEESR LS -F 24
RARZESEHRELE, RBLHRARELTHEERR, NARFE
THZEI10% ML, RERTHXE, BRELEDSTFRAREGDA
MK X B4 (OLED) ¥ 4 A &K AT 6L TR 69 1 sLAB bb 89 B 3 skt . A0
Baldo, M.A., O’Brien, D.F., Thompson, M.E., #Forrest, S.R., Phys.
Rev., B60, 14422-14428(1999); Friend, R.H., Gymer, R. W., Holmes,
A.B., Burroughes, J.H., Marks, R.N., Taliani, C., Bradley, D.D.C., Dos
Santos, D.A., Bredas, J. L., Logdlund, M., Salaneck, W.R.,,
Nature(London), 397, 121-128 (1999); VA& Cao, Y, Parker, L.D., Yu,
G., Zhang, C., ##Heeger, A.J., Nature(London), 397, 414-417(1999).
ERAFMFEALT, LB ERLBARLEE, SBA KRG LS50 T
e, FEHERIAALELEHAETZ A5 LK. £ HBaldo, M.A.
#2Forrest, S.R., Phys, Rev. B62, 10958-10966(2000). E4KFFE &4 %
RAOABTFRELRN, EHHETRESSAOLEDEM FRA ML
CHFHEEANGG ERLK, AR FHETHREQHR—F TR, HATHBRIK
Mot EdBuaIRiEssys EAREEC LB LYER
TAT ARG ERGBELBEL SRR EZZRESRETHAR
ft £ 4 % . A& M Baldo, M.A. # Forrest, S.R., Phys. Rev. B62,
10958-10966(2000); Ford, W.E., Rodgers, M.A.J., J. Phys. Chem., 96,
2917-2920(1992); ##Harriman, A.; Hissler, M.; Khatyr, A.; Ziessel, R.;
Chem. Commun., 735-736(1999). REAHBFHEHRERRE X
Faek, BT EEBEETHEY.

A ALK K B4 (OLED)(F) A & il it & Rl K b £ % 6 3 B AR IR
HEBAFREFERAY A LR X, XRFHOLEDRA &
AHGBERR, LEREXLE. NAKFHF(PDA). HEMNE
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TB, EHPHELETE. LAUMBUARLERAAAR. B9 F
EMAEGRE, ENA, SLHEBARANAAEHE, REELR, ¥
M—BEHHBREAK, KELBRERPRREREFFENESH, OLEDH
FHERRABRIEZET(CRDFARARTELCD)HARBRABKER, ME=
HEMEHEREH KNV EANLTFREFTR T . TFEMNNFH
AABE, LHBKXOLEDH AN LA BRA TFTXERXRRYE A6 E IR
T, HETHRRANTHESD.

OLED# A X —B 2 h E AR LLER., XE#A QG REBER”
RELABRFANS FHZLEBELSALAFRRKERLRZRRE TH M
S FHEEBESHEL.

BAGBRDANAATN LK EABGFERTERNITE. e, 58
RURER, AR ERZEBESURGFTARTFELIEZR LT
EELYHELRHBR)TALEL L., XRBAH, AL TFHRKE
BEEAS—BUBERKZEREAAL THHMRESHEETT. LE%RF,
sEFRABAANEBNAY, RARGELBAATARERTIR
R ZEBAE, LA THL AR, RABHFHRIHEHK
5% )R TFRBFADELEBEAIRFURALA. EANS TFH
BKZEHAARTY AN KASH FHHART R REIFHR A B
FEAZAHREERANRZLEAMAS. AR FARERLRILLEHR
i d, N T iz 34.

AL A e Mk

ALRTEF ARG OUEE G LABERA L B e, 2R
Wk R HBAANERBLASHHANLAEF, URFBZEBFIL
ABHFET &,

AELPHUBREAFTETREAETRA G ERRRY F LK
& B RSB A e B LA HJOLED.

AEPBITR LGB wETRLAENRELR R P REAFKIEGE
HE M NSRS M Tk,

AE AL H R QI LA F 5B E TN 69 BARMH
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AMEKE, BEAMHEABHETRXTH1x10%78 R 4 1x10°%
e BRI EZEABE ST ARG RRK ZABLSHREAKTE
B RKZERESHER, TAZLANBERHPEERERLR
W E AR R T 45x10%4), FEREREFH1x10°/%,

FAERAEFBRANEAE, CREAEZER2RTHUPHRKZLK
WA AW EARMB; SHAEZ ZAME T QEARMH, EEAMHEL
ABHFHIXICRGI 10 HBHREER YRR EZARASIEF L
BRI EZEABESHELARTEARRG R KRR LENE
%,

AL A EFE

ATH—FHALLA, ERB Y THETRKEAREETE, BEE
ERWE, AEAPBRRTHATHHAREFTFR.

H1aZ 77T ZARCRKREBARGHAOM)EF BREGLEAL
(PL) % i : X (4,6- = AL XK % )- AR -NCHCHLR F BRR )L 4K
(FIrpic)(# K.a); X(4,6-= AF X)W RAR-N,C")(TBLK A BAAR)E-4K
[FIr(acac)](#1 £ b); #=R (2-F K L2 AR-N,C*) (T B A& & BAAR)A-4R
[ppy2Ir(acac)|(#h Kc); VARXLERFASHH S TLM: (Flrpic)(BEMH
a); [FIr(acac)](£#b); F=[ppy.Ir(acac)l(%Hc).

B1bE 7T vA TOLED4 # &) & B L A X #: ITO/CuPc(10nm)/
o-NPD(30nm)/ #¥ % 6 % FIrpic # CBP £ /&
(30nm)/BAlq(30nm)/LiF(1nm)/Al (100nm).

B2E FT A FOLEDE MU LAFE RN ELRA LT TR
B M EREFH)FHEEZHKM: ZSK): ITO/CuPc(10nm)
/o-NPD(30nm)/ % % 6 % FIrpic 4 CBP X 4
(30nm)/BAlq(30nm)/LiF(1nm) /Al(100nm). B 24 #&E £~ T CBPE£4
FeFIrpicE e Z KA A RAHRAR.

W38+ 7T 6%-Flrpic:CBP# B (100nm &) £ Sik i LA SAR ¥
£ F(~500ps)ET=100K FH BN R EHELB L, L-7H T EI10KT
1% 65 CBPHS L 30

10
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A48 77 100nm/E6 % -Flrpic:CBP¥ B £ Sik i L& SUARF HA
(~500ps) T Z£T=50K. 100K. 200K#=300K F ¢4 B¥ it LK X AKX K%
M., B489EE BT T % 23| CBPF 4 Flrpic#) LE A A(PL)K F (ML)
# iR AR MM

B 5a.5bfS5c BT T RAPHE Y —F L & F R K BerBeiked
— AR A KA,

BSdETT AL PN EAREIRREGZE) —HERETRE
BB S F iR LB,

B 6afr6bB 7T KA AW E ) —FFIELIA B F R E KB4t fe ik
B — B R MK,

H6cRTTALAHEAHEZRNKEANZEV—FELAEFNR
& B B AL Bk 6 45 5 4.

B 7a-Tr 87 T AL HGBERE WL B REEFIAREN

H8a-8d R~ T Rk B7a-Tr ) Bt A L B A% &1L F &M A
AR I LAY — R EK,

H9a-9g2 7 T X Z AR RANA NEBILEHEGILFLEM.

B 108 = 7 Pt(ppy). #Pt(ppy):Br,=F ) LM ik, WHEEAKE
KK, FO-RAEFMLCTHRE, ABEXLABEL KR, T 2LRF
Z&A KT, Pt(ppy):Br A AT A R M BBtk F KM —.
A BLAR ) B AFHF R ARAT F 1508 A

A 112 2 7 (ppy)AuCL A= (ppy)Au(2,2 - T B K K ) £ 4 K 45 b
BB, —FoRAZLZESrTrRTLE.

B 12 & R 4 (C-N)Pt(acac) e & Y L IFEWCIER £, BT
4,5-F,ppy-EL(E 8 B F .5 & % b8k s, BT L4l R LB A A
R EAHE A, Ir(ppy)st 2 € B K XA #.

A 132 # % (4,6-F,ppy)Pt(acac) EE R (RT)F7TTKF #§ KB L KK
ML HER. EF7E T sTFR—EBRAHAETIKT RF 6 REH#
Fo b F BT RAF GBI K.

11



200710002115. 4 o P E7/38m

B 14 % 4 % 8 T (ppy)Pt(acac) . (4,5-dfppy)Pt(acac) #=
(4,5-dfppy)Pt(pico) 89 #7 AR X B K K L A4 K ik

B 155439 T typPy(acac), bzqPt(acac)F=btpPt(acac)#y k%
BAEARH A,

B 165541508 T A (2-(4,5-= AR A )IZAR) (T B A& & BAAR )& 44 4]
£ ¥ OLED# 44 & 5 £ A X #1438 . OLEDE A ITO/PVK-PBD-3 ¢
Fl/Alqs/Mg-Ag B4 #). PVKEB T REABEAHL -4 ERR,
PVK = RZH A FfoPBD = 4-BA X L) -RTHA)E v, Alg#e
Mg-Ag&Eif T AL LA, OLEDE A 1.3% s K E fesK AW RE G
AE. =8 TEL# & 4 LA RPLEET.

H1I7TE T THRLAFLAG— MBS TFEMERLAY
ER-EZRAGTHEZEAAHHEHTER,

HISEFTATFAMANIAMHBFH ZEEST RABRE ALY
LR ABHHLEMN.

B 1928 & 7 TPD. BCP. CBP#Ir(ppy);5 1R4E KX 9A 4 PtOEPH)
B K

BRTTREALAOORBLER-TRRAANRE AL,

218 5T 8% 49 Ir(ppy)s £ TPD ¥ &) &8 & Koh 5L,

A 222 7 T #F F(a) 200A. (b) 400A. (c) 600AF(d) 800A &) 436
% 49 £650nmit K 49 PtOEPE Alqs ¥ 9 AR AR B L 0% 1 it 42

238 7 T 2t F(a) 200A. (b) 400A. (c) 600AF=(d) 800A & 3 #L3E
BHEBREARRFRENGHT LA,

ALXR A mBiE

REF A RBRRAL PR TRLEEARFTE. XL FAFTERAHK
TEH, ABRRLPRR T,

AEPAHBAENEEBLASHOIE: (a) TiLELEWIr, £2XK
FIr, EEEBRTHMLCTAI-rRASHRASS Z L THKAL
A4, (b) A FELERBTALLTF/RARALTFRAERKNYEY
—ANR B FREKBALERA, HARNKGEARAL, FFRRAEL

12
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HETRAAENEE. RERLE R BBBhift); foc) LTEHLAE
MEBETFTEV—ANELEREFRERRLERAAR, T RIRARKIRA
W, FIREABFFWG/RILEH.

ARERAARAIHE-SERARETERRTHEMAR, X TFRARK
RAREH AL BHESH G H#E LA R, odGary L.
Miessler#2Donald A. Tarr#Inorganic Chemistry, 2" edition, Prentice
Hall, 1999 FTi&, KA A MLAS WXL ERKRZIAFTNEELEY, B
KX oM LI B -4,

AERGBRAENE B YERE) —ANEBRALERAR, L TiZE
Y ARBERARERE THRK. 7, 2ERFREFEEV—A
R A —AN KR T, i, REAAHZES—NEREFH
feiiBeh ARG, RERKEAFER TP SR F(EXFHHEALT,
ARBRFIGHALE. Ash, REXPHBRATNEBILOMWERE
Y AR BT R AR B B,

AEXRAEIZEY —ANLAEFREHRRALRARREL & F o/ RA L
FRAERNK, 035 FEBAKERK, FrEBRAREEHEO TGS
&, REXALERRBHS. AHTHRALERGHETRAESIETF
BRI ER. £BS5a. ShfsSct AR TRLUYGEE Y A%
BF R RBAL B AN —RAREEH. F, EBSAFHET LAH
REBREGEL AN IZE Y —ANF 00 B T W58 B Btk 0 M AN 45k
K4, b B AEESa. ShfScP A A, KLAHEEYy A%
PARFRERRLRAEBEROCEANLSRK-LERELELER
Fhf. ARBELAZAGRMNMEGKLEBLK, BETFLEHHE
F A ABRKRFRREFZ; BRARERKTHAKR, X
ARELY; SBAREFRRERKRER (CH TR LIERRRIER
RED, sk, wWRiw G —HF5EE, BTUARIABELELER
TFHRBEMNEHAE BT HER, R QEBRRRIFRAMOFIZ;
BARAKFBRRFEAKER, FlrREREAIRENESY; IBRARERKE
AR, EHTIAEIEY, kv, R foukeg, Ad, LRXE

13
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ERX—XARBNRY, BARLAKZEY AL E FRERKE
i BAR AR X e H (AT TR B AR )8 F o/ RR & FRALE
B4,
AEXANRLEEBRARBRELCEBRATEEZEZ) N3N EFR
WREALBARG R A BB /O NLR. BAHLEARCEAFE Y
NHEFHFEGELE, #90s, Ir, PtieAu, £ ¥ IrfePt2 %54k
ek,

RTRETES—ANLAEFRERBRALTARZIL, KL A
ERNEYHEERTFERBETEY —ANELENE FREHR/LE
AKX RAGEE AN EEABFRERKRLRARTRLERE T,
LRRRE, LRZKRALEAKR, REMG—%ms, HEV—Ad
ERBTREKRALRAELALTFHARDEH, AR EBcaf
6bF N E T EMG—BRREAEH. F5b, EB6cPAETAAHZR
REANAKPYRES —ANELNE T REREALBAR G L4,

BEAEAKRANEBRABIE—ANERFTEY , AN BLSBL
FOBERETE - BRARANLSERT, A PRELRERZLNE
FREAARK, LE, ZLERTHEFHRELBEANH—NRET.
B, REARXAKXPYHOLEDFRANGANEBILEHOLE—ANUL
fodk, BAERKLAHEEAFTEY, R—ANEAZKEATRK. B,
EREZPHEERFTEY, ANERBNSMOER—NEK-£ A4,

AERERHER —RAFTEFY, B-BRARARLLHEAARAL
TSR KHFEMNE, 4 E Y 1,000L/mol-em, ik £V %
2,000-4,000L/mol-cm#) B RB UL R G ML feik, XLRKFH A LT
MEREER TRANS FHREHBINRIZETLRENLEHH
%, E, ANBRIZRTEENNERBINT LEAHRANGHTF
Poil 65348, MiesslerfTarr, XFMEMNEFHK T T AEGL
ABAR-E B ETHB(LMCT)RE A-TAR LTS (MLCT)HN &7
BEE, WEAETUALBRTHRSERIBIEALE L UL ERTHH
2 AL A 4 AE.

14
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BERRERAAKBEANEBLGDHNFERRKEFHKT &
EOLED} 12 A it LB R4 BB R A R ANE BIAY. RF,
XA A BIA Y RREAHOLEDF HREKMARER, AAL
HEAZANAOLEDF AL An XA G HAMBES, RBRANFH
BREBEMETUAR TAELAOLEDY * 4 HAA KL H L LK,
AR B R, X B AR ERT T4 M ERAR LY
-3 AR,

BEALPHER —FFRF, RALFREK, LEHTREES
B-Be R LA A MLCT)ZK . Sk ik, R LA ERKLE
HERTINENARKEGERMEn Sl AHARLAHRRER
F %, B BL4L B4R 5T 2L A 4] 4o /£ Comprehensive Coordination
Chemistry, Vols. 1-7, G. Wilkinson, Ed., Pergamon Press, 1987 % Ffi&
HARR MR F ¥,

ERAKXRAHER — AT EY  RTRETE 20 B FERLR
W I, AN EBLANNHERRTFTEEET —ANREA LB,
S f &N AFRRLRK, FRERLRAEIRSANEELEY
MERRTHARENEE-REHERA, Rik, ERLPHIZR —FE#k
FEF, RALE-RALTHBRAHMLCT), #¥IEKRLRMK
Hoit LA ZBF G FRMGIA, 2 FRAR L TFALERT LS.
AR M 4 B Bt 4% Bt 4K ) 40 3L T ¥4 A\ Comprehensive Coordination
Chemistry, Vols. 1-7, G. Wilkinson, Ed., Pergamon Press, 1987 ¥ i
#.

ABRLHRTFRELAEH ERAGE R, EREFRLAHOLEDARY
AR OBLAMETREETEHBRGLES. Fld, #AN, &
B35 LA Toil R B Bo ik A B -Bo ik & 5445 (MLCT)
SNELRE, IMBAHH LT HHRLEMROLED. RLNHY
REBENEBLADRFHOBEEARTT RS MBEN, HTL
kB TFEAGHNERBLAHHMLCTA Bk Bt foik ) A =&,
ANREPEATHEIBOBEE. BABHAARL FZEKLAE,

15
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Fir vA B AR ARZ A B

HIMAK R F R EFRHAATAE T EAKRARAK LIIARLF
ERF/R B3 BRAARRLTFRAGFERRERERKST. REHR
FERATURRRHRTEBHEAANKAEL, BRAALTARES
MELERAFREERTFHRE EHES THEMHOMO) LS A L FF
B, BB ETASFARLASNATRE, BEHEASIBELESHE
MLCTSREfEm, REAPAHELERAFTENREANEBLEHE
WERRARAR/REABRLTFRERAGEHRRERALOERE
wFXH.

AEREA - NFEBBRATEA: FINEFEANLAE F B/
Be Ak 89 K AT Hua B 44 4 OLED bb JL A SUBRAX 3 Be 4 Be ik 6h 14
WEAFRABEEZHIEFRE., fliw, KABLAFRLELEH
[(ppy)Pt(acac)| LS HEZTET AT RANAKBA, R, A
A [Pt(ppy) | I LA M E IR T RA AT R R EBE .

AKPARERANLEBLSHEARETELRLE, WIXH LY
—AEAEFREREAARAFEY —ANELAE TR G KR
W, Hide, REPHBATNLSBLASHHREAMEEFETART
44 HES5a. 5b. ScfeSdeg A B FREKBEAGHES —A, Bo6a. 6b
A6t LA B FRERKRLBREYGE) —A, ARELRELEWIr
AP, EBTa-TrP 7~ TRELPHBRAANESBLS B REEH
ABEAN KAt Kk, HiEEMYR, REXARBRTFAHATHREEH.

EB7a-Tr¥ I T AR AR L BA PG X ERRMEE
) 84 ) &-4o T it 4T,

2-(4,6-= F X R 49 A AL

AR ¥ Synlett, 1999, 1, 45-48, 1%£F Pd(OAc),/PPh# 4L #=K,CO;
%, #it4,6-— F. XX B (Frontier Chemical)5 2-3& #b"% (Aldrich) /&
1,2-= F X T F 4 Suzukif® Ak 4 £-2-(4,6-— FE K)oz Be iRk T
.

fac- = (2-(4,6-— fF X )T AR -N,C* ) A 4R (IIN) ) A A%,
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Ir(acac);Be & A 6% E #2-(4,6-— R EX X )2 A= ¥ £180C
FTEBRHAAAR TALEINN, AAHITRIE, K ARRAZR
ERAHY, MERREEZH. ARAEATHREEN, BREFHA
FEEhA, UAREFEMTREAGUTTHR. HEHA R 87
FAESATRIE EAT, REABENFTFRIBE/THIShHLEHRE
fac-=(2-(4,6-= R K X)L AR-N,C?)A-4k (I11).

[(2-(4,6-— BF X )22 1K), IrCl], 1) 4 A%,

# A IrCLH,OX AT EIr(IDH FA 2 L AF EBHILKRAE
b itAT, REXEASYHERMATME, T E2GFME A RN
AMAFPRARADERETHAGR THAEZHN., & X
C-NoIr(u-Cl),IrC-N, #) 3k & B L Ir(IIDp- |- 42 65 — Rk @ S %
IrClynH,054 % F492-(4,6- = AR K)R)E2-THREA LB ¢ 6 RA
HAE130°C Fhedl6 i kae R, Bk, MELRAMA FERE
KRB EH. KEIN%.

I (2-(4,6-= B F )R AR-N,CY) (= F BRAR ) A 4R (TTD) G A~ A%

[(2-(4,6-= B EE)HoE £),IrCl, A M A2 THRRETRAD R
12-—RILEFEERAARB TLEICNN. ASHITEIE,
ERETHREEMN, AAARKETHA THRE ARIEMTRRL
B FER, HAEYEA R R TR AT R BT, ERK
BT HRZE, RFT H75%shé% & (C-N),Ir(pic).

IR (2-(4,6-= B LK) RAR-N,C )T Bt A & AR )A-4R(TIN) 49 4 AL

[(2-(4,6-= R KAL) £),IrCl|, R4S ASE FH92,4- K=F A
1035 F 49 6 Na,CO AR A1 2-—RUR T ABHAAAE FTLELI6]
M. £AHHETRIE, EREATREEN, AREFSHA FTHRE,
MR A — R T RARITRE BN, ERLENFTRZ
B, RAZT 475% by & & (C-N),Ir(acac).

£, (2-(4,6-= R E L) RAR-N,CH(AR T X F F b )44k (1D
£ B

[(2-(4,6-= FL 3K 2 )ik K ),IrCl|, B84 (R £50.002g) A L 49T

17
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EF R E2mLA CH,CLIE A PR E16 0,

F- 2R (2-(4,6-= BRI )R AR-N,CV) (= A B4R (D) 19 A A%,

[(2-(4,6-= R K)oz ), IrCl|,Be & (K £40.0020) A T &6 = K
A AE2mLA CH,CLER L E16 0,

M (2-(4,6-= FE K )b = AR-N,C¥) (52 ) A 4R (1) 49 A A%,

[(2-(4,6-= RF XK )t s2 1K), IrCl), B4 H1 (K £ 0.002g) A i & #gvikoe
A2mL# CH,CLE & ¥ L 216/ 0.

Fo- R (2-(4,6-— B2 )P S AR -N,C¥)(4- K Z b2 ) A 4R (TN 89 2 A,

[(2-(4,6-= R F K )k "2 K),IrCl), Be 4 #1 (X 4 0.002g) A T F 844-K
A bsZ £ 2mL# CH,CLE & P XL 216/ &,

- R (2-(4,6-= AR K ) RAR-N,CHA2-R(= R E B AV LR ) S
RN % A A,

[(2-(4,6-= F K K)oz X ), IrCl,Be 44 (K 4 0.002¢) A i & #91,2-
(=R AR TR A 2mLA CH,CLE R+ &4 16 F,

I (2-(4,6-= R KU RAR-N,CY(R)-(+)-2,2°- R (=-3F FEE
BEA)-1,U-BR B BB R AID # A &

[(2-(4,6- = FL XK X )uib oz K ),IrCl), Be 4 #1 (K 4 0.002¢) A it & ¢
(R)-(+)-2,27- 3 (=-5F F R A B X)-1,1- B A £ 2mLAY CH,CLER ¥ &
#1658},

- R (2-(4,6-= B A ) HIAR-N,CY)(2,2°- B ot 52 )&~ 4R (TID) 49 - A%

[(2-(4,6-= R F 2 )rbo2 £),IrCl), B4 4 (X £90.002g) A it ¥ 492,2°-
Bt £2mL A CH,CLIE & P &L 16/ B,

I (2-(4,6-= B H )L AR-N,C* ) (R A T BAR ) A4R(TID) # 4 A%,

[(2-(4,6-= F KK )rb s K),IrCl), B 44 (K £0.002) A L F 89 R A
L E2mLA CH,CLE R b & 216/ 5.

IR (2-(4,6-— FFE K )b AR -N,CH) (b % R BAR )& 4R (LI 49 A A&,

[(2-(4,6-= B3 X )rbsE X),IrCl], B 491 (X £ 0.002g) A i ¥t vk
BB A 2mLY CH,CLE & P &L 3216/ B,

X (2-(4,6-= FF K Yk AR -N,C* ) (= (i K )M B AR ) A~ 4R (TID 8

18
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A B

[(2-(4,6-= f K 3 )b o2 K ), IrClL B 44 (K £50.002g) Al L E 45 =
(e ) BR A7 £ 2mL A CH,CLIE R P L 16 BT,

X (2-(4,6-= B KK ) STAR-N,CH) (R ) - 4R AIN) # A A

[(2-(4,6-= R E) o 3K ),IrCl], B 44 (K £90.002g) A i ¥ & AL
HAE2MLACH,CLER T 4216/ 0.

IR (2-(4,6-= B I ) RAR-N,CH)(BRFBRAR ) B4R (TID) # A A%,

[(2-(4,6-= K 2 )bz £),IrCl], B A% (X £0.002g) A i & ¢4 AR
48 £ 2mL CH,CLIE &R+ & 16/ B

R (2-(4,6-= FLE K )b AR -N,CH) (= R A B (R d) A& AN 4
A A%

[(2-(4,6-= FLE X )H"Z £),IrCl|,Be 5% (K £50.002g) A i o = XK
A B Ae RALAT £ 2mL e CH,CLIE R+ & 16/ BT,

IR (2-(4,6-= B FF ) R AR-N,C) (22 ) (F A 4 V-4 (IT1) 8 B %,

[(2-(4,6-= FLF 2oz 1), IrCl), B 4% (X £40.002g) A it & #etbog
Fo RALATE2mLA CH,CLE R ¥ & 316/ BT

K (1-(4,5-= F KA ke A N, CY) ("R F BAR) 4R (TN 1 4 A

i X C-NoIr(u-Cl),IrC-N, 4 2 B Ir(IID)p- BAF 4 — RAKE L
HFIrClynH, 0515 £692-4,5-— A XK L)) E2-ZHREA LHE T HR
A E130C T And16 B kAR, BidFmK, MEL RN FTE®
ARG BAF %, H[(1-(4,5-= REE ) K),IrCl, B4 A28 £
R FBAERRL-—RORERRAARE TAEI6 . A4
ANEBZE, EBETHREEN, ABRREEEHA TH®KRE, AR
FAEMTRBR GG TR, BT A R — R T R #ATHRiE &
W, EREENFTRZE, BT T %A E(C-N)Ir(pic).

AE8a-8dFLEFTTRABTa-TrAB AT L B YT
8 M VA B 6L 351X B AL A 4 0 — B BRAK,

AEPAHRAMERFTRH— A K6 R RMA,6-=— REE)wLRAR
-N,C¥)vtox ¥ B4R A4 (III)(FIrpic), € Z£OLEDY A4ERE b 40,
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AR FEAERRG B ELEBER, Flrpich 4 M= T Fr&. k¥ Synlett,
1999, 1, 45-48, 4% Pd(OAc),/PPhsE4LH| mK,CO5%, & it4,6-—#
¥ A 7 8% (Frontier Chemical)5 2-3& "2 (Aldrich)£1,2-=F &KX Tk
¥ Suzukil® B Rk #) &2-(4,6- — RE K )z RANK, &H, SR
[(2-(4,6-= B E )t £ ),IrCl, R4 % . F AIrClyH, 03 4E T 1€
Ir(QIDH R A LRI A EERAARE PR, RERXBNEHNHE
X MfT, TEHFMELCMNH R AT 6 RESHERL
b B R &8 T eAE 2 M. i X C-N,Ir(mu-Cl),IrC-N,#) 3k &1L Ir(III)
ZHf M6 =B AKB i34 IrClynH,O(Next Chimica)s 4 3 & #92-(4,6-
Z R )we)E2- A LB (Aldrich Sigma)¥ #RAHEI130CT
Aok 16 RS RK, EHiBEEF MK, MELEMAFTHEEARSE,
EIFT 0% thuk &,

£ B, (C-N),Ir(pic)Be &8 — B L F 2= F B 7. [(C-N)IrCl}, B4
¥ F1 2% B ¢k F 8 (Aldrich Sigma)E B R1,2-— R LR F AEEREA
AEETREICNN., EANINTEIE, ERETHRXEN, AKX
HECEHATELE URITEMAREGRZTR, HEHA=
A — R FRAERTREEN, ARXENRTRIE, RBTH
75 % 4k #) % & (C-N),Ir(pic).

EAEAH—AIREAMFAFTE?, BNAGFLANEKRI LA
A 2-(4,6-= F- K X)L RMEH AL E TFRERBRARKCIES
M) Fartko FBRARB AR S LB FREKRARKGRERS T
e EsBMIER T HEELEANL. £ Lamansky, S., Djurovich, P.,
Murphy, D., Abdel-Razzaq, F., Adachi, C., Burrows, P. E., Forrest,
S.R., #Thompson, M. E., J. Am. Chem. Soc.(ZE¥ Al ). REAHET
Bl FRARLZ)GIAFHT KA TF T893 b B b5 Ir(ppy)s
W RSk AR e 69 B B B A . 1R A AX(4,6-= R ) AR-N,CY ) F
B AR A~ 4R (I11)(FIrpic), &RMKMFT (5.720.3)% 4 & & st £ FELE £
(Mex)#7(6.31£0.3)Im/WH X XA E A B (n,). BEMEEH LR, &R
HHB e oKLY E — KIRE (R W Adachi, C., Baldo, M.A,,
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Thompson, M.E. # Forrest, S.R., Material Research Society, Fall
Meeting Boston, MA, 1999; Wu, Q.G., Lavigne, J.A., Tao, Y., D’lorio,
M.#*Wang, S.N., Inorg. Chem., 39, 5248-5254(2000); A A Ma, Y. G.,
Lai, T.S., #Wu, Y, Adv. Mat., 12, 433-435(2000)), 5 it 43R il &) R i
BeERALXHBEAL, BEATHRRBERHYEFAHE. £ Grice, AW,
Bradley, D.D.C., Bernius, M.T., Inbasekaran, M., Wu, W.W.fWoo,
E.P., Appl. Phys. Lett., 73, 629-931(1998); Hosokawa, C., Higashi, H.,
Nakamura, H. # Kusumoto, T., Appl. Phys, Lett.,, 67,
3853-3855(1995) ; ¥A & Hosokawa, C., Eida, M., Matsuura, M.,
Fukuoka, K., Nakamura, H.# Kusumoto, T., Synth. Met., 91,
3-7(1997).

BlaB+ 7T AZMHAREKEBAEBGHAM )R ER T LK
ARXPL) A #: RQE-FERZRNC)TBEAAR)ESK
[ppy2Ir(acac)](# ZKc), MR (4,6-=RFKK)-ZAR-N,C*)(TBLA A BRAAR)
A 4R [FIr(acac)|(# & b)FeFlrpic(# Ka), £ T MEKRKE &) X #4k
., BlaZ B 7T XELRES DS TEM: (Flrpic)(4% # a);
[FIr(acac)] (4 #b); F=[ppy.dr(acac)|(5Hic). ELBRNALEFHKT
%A RPEBEFLERACLTHS, RARTRERNFAI LN
Z & A3 4% 1 (manifold). A M King, K.A., Spellane, P.J.f=Watts,
R.J., J. Am. Chem. Soc., 107, 1431-1432(1985); #Lamansky, S.;
Djurovich, P.; Murphy, D.; Abdel-Razzaq, F.; Kwong, R.; Tsyba, L;
Bortz, M.; Mui, B.; Bau, R.; Mark E. Thompson, M.E.; Inorganic
Chemistry, 40, 1704-1711(2001). F7 A X = Fr e o £ AR E R T KA
T ®,=0.5-0.64) H ABK L AR E AR AL TFRRTFIANZ2-KEH
i 4,6-18, ZHMEKSAEFir(acac)IPLET L 5 T ~40nm#é) B 4,
5 4% & X Hppy.Ir(acac)a k. #sh, Fir(acac)dy T BLA A FRAR BLk
(acac) A o2 F AR (BP FIrpic) E &8 T A 51 49~20nmE % .

A ALK b B4 (OLED)# HLA £ 4 ~20Q/04) & & % [2 &) A ~130nm
B EA4AH(ATO)E AR G RBEM L, EANELRII, XHA
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BARBLAE, BFRIEBUV-LEIRERF RSN, HE, SRIFE
BERLAZAT. A~4x10°RHRE, BRALATAEZIHNE, AX
PHAZHHEATEEHATNFLERRE. b4, £EIHNRR
10nm /347 Bk ¥ (CuPc) Z RiEAN EF30nmBE-4,4°- X [N-(1-E £)-N-E X
£X]|KERX(a-NPD)ZE REH EMHTL). #4, HALRREHEHH
#E|4,4-NN-ZeFut BE X (CBP) £ 4K F 496 % -Flrpice A& 9 30nm /&R £
XEEML). KB, #A30nmE R Q2-F £-8-5okiR)-4- KA Xirés
(IDBAIQ) EA ¥ & FEBEANZEMLY ., £A 4% 2mm<2mmF
PHHEATFAZLE S InmELFER1000mEALEE RN AR, £
ARZE, BEHFAUVREREHRR A<ippmEFfeKe RLARE T &4,

BMER, AHREAETHITEANABARIE R A ERERTEY,
8% CBP = &, &% & X (& M Baldo, M.A.#= Forrest, S.R., Phys.
Rev.B62, 10958-10966(2000)) % A=484nm[(2.560.10)eV], 5 FIrpic#
A=475nm[(2.62+0.10)eV]48 b (5 A B 364 k. #), RAHBERETUAR
DT FREDRBHERRESHHFEFTU . BRKGIIATUAR
Xk FAtg kR, BEE, AMOUBAR, L4 &TEGEToR P
Wi B An i A AR AL R (<1ppm B A=K ) F BB R b iX BIRE KE
B AKES A0, S TFEARFTARGEERBNENREFLE
LK OLEDAA LI KA SR B,

E1b2 =7 vA FTOLED4 M 4y & 8 & & % #: ITO/CuPc (10nm) /
o-NPD@B0nm) / #% # 6 % FlIrpic # CBP * 4k
(30nm)/BAlq(30nm)/LiF(1nm)/ Al (100nm). ELX#EA,.,~475nm#)
B K A Aup=495nmA540nm(FT X)W EC B LA R H1E, ©—#&
EPLA#BR—HK., AB1bKHEE F 2+ T Flrpic OLED# (x=0.16,
y=0.29)%) The Commission Internationale de L’Eclairage(CIE)4 #% A
B8 & (Ir(ppy)s(x=0.28, y=0.62)#= 4L &,(Btp, Ir(acac)) (x=0.67, y=0.33)
LEBAARFNLEF. EE2ALRAHSITFRITRZE—FALEE
MELE, AEE A TAME FE &) National Television Standards
Committee(NTSO)RFH B E £ —HKFEEH T THRE).
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F2EFTA TOLEDE MM ML ATE QI LH AL AT TR
B Mo BN EFH )F 2 2 2 K (m: B8 K
ITO/CuPc(10nm)/a-NPD(30nm)/ #% # 6 % Flrpic ¥ CBP % 4
(30nm)/BAlq(30nm)/LiF(1nm)/Al(100nm) . % #| #& J=0.5mA/cm’ F=
0.1mA/ecm’ & KA T & & Next = (5.720.3)% (X & F~30% 84 A & )Fe
(6.3£0.3)Im/WHI X A E A ¥ (n,). BREABAEFTAWEEF=
BAE-Z L8R R KGR b n., 89 B % 3% Ao (R ] Adachi, C.,
Baldo, M.A.#= Forrest, S.R., J. Appl. Phys., 87, 8049-8055(2000);
Baldo, M.A., Adachi, C. # Forrest, S.R., Phys. Rev. B 62,
10967-10977(2000); ¥A & Adachi, C., Kwong, R.C.# Forrest, S.R.,
Organic Electronics, 2, (2001)(Z£ P A F)), 12874 £ = 100mA/cm* &
B RRTEEST 6400cd/m* R B FTE, H ¥ N =3.0%. KEE{ET
AARE LA EANMEELALBEARABH g =2.4%M. £H
Hosokawa, C., Higashi, H., Nakamura, H.#*Kusumoto, T., Appl.,
Phys. Lett., 67, 3853-3855(1995). B2#9#% & B 7 7 CBP 4k #FIrpic
BARNOZESHANGRARE., § TFTCBPAFIrpic=XARANLEER
B, A_FPBRAEB_FRTHY., X2, F,TEERKRGBLK)
IS TLHZKSNBHELE, ERT T ACBPFFIrpicX ]
BRIk FRER(RA) )b TSR, BHAHCBPEK
(2.5610.10)eV & = & & #6 K /& T FIrpic ¥ = & & #t &
(2.6210.10)eV(E 26935 B ), FTVAT AR BT & & Flrpic®| CBP#) AL & £&
EHB. 2&, ARG ERER LB OHBAYERE. XRAE
ARREHBRERHNEORERBYRBMENKE, SZKIGFAK
Em REE A B X B F A MM, B FEH KA THEMERT HE,
Fh, REHHERFGLFEASEMLY L% Rk &,

B3% 77 6%-Flrpic:CBP# & (100nm B )£ SiA ¥ L& Sk ¥
A TF(~500ps)ET = 100K TR R RHNEAB L. HFRFAHERL
AREPBRA PRV AR CMNG AR XA BBIER: E&K=8BE
Fek R =38R, LFH T AIKTRFHCBPRELL#. BT Flrpic
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HBER BRI, BMEAAT ECBPEZLAEAFZ B HH E1~10msty
BKEEES. BEBEALA LFIrpicQusec)t) Bk BE X A 4r #4849
Fo. BAZREBSHPLAE S Firpic PL—%, XiHLL Y
FIrpicZ|CBP# AL EH B U LR, HZLIREHLCBPEI KRS
FiE#H, REEHRAHES 2 Flrpic, FHAALXAWELRRBL, §F
BESHFTRERR, FPr<<k(cnfe R0 ELRPEAS>FL
MEZKSNBHRER), T EARM, ZL5%TF ERALR T Firpic.
XE, AREAAMAEYEF Ednn=400nmA KB EBE E L 428 F
CBPH XK, €HLA <<100nst942 5 4, AR WFIrpicHBHFERE
3. HEZLE5ERuMLCTRASHEETHBLRT LMeyidse,
+3H 7 KRu-MLCT# AL & #F 4. R MFord, W.E., Rodgers, M.A.J.; J.
Phys. Chem., 96, 2917-2920(1992); Harriman, A.; Hissler, M.; Khatyr,
A.; Ziessel, R.; Chem. Commun., 735-736(1999).

A4E 77 100nmZ6 % -Flrpic:CBP¥ I £ Sisk A L /£ fUbk A &
(~500ps) F AT = 50K. 100K. 200K#=300K T ¢4 R it A% b R T 414,
B46936 8 27 T 3% 4 2| CBP ¥ & Flrpict) A& X K (PL)K £ mp) %Y
BEARMM ., £ LB EMNSOKH i 2| 200KM N A BMA FZE, SE
ERHBRETHERTR., R THBLEFEERANR, LL, £
T=50KA100KTART FREX LW EHBETHE. nphT =300K
2| 200K %948 & )3 B FFIrpick E R K R4 . R ®, np £ T~200K
ATF 838 i R A CBPE|Flrpict) Sh EH B U R A IR B RG /AL, &
BEA A5 RTHRE. BARMNAET=300KEA L ALERES,
14 8h #% , NCBPZ|Flrpict) it £ 4 B R ¥ A % #9. 48 K, Ir(ppy)s: CBP
M PLIR A B 7 LR B ARBUM A BOR A XA IR ik 40 5 A 1KIE T %9938,
AOLERKZRESEEERAATRZEQHENRS.

dm L FfiE, RAVAEX L E4E A FlrpictE Y B AR5 FE80 T A 3
BELEAL dTFRAAKZLEENETSB L ECH4LNN-ZF
KECBP)FLIKRSTFHEEMERK, FRULARNTREAEL
BB AR A AEBA B LKL R E| IR SRR AS. A
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FEZASREESF %, ANMRFT RO TGO AKNEE =
RAWHES. R EHS A4 A8 T CBPAFlrpich KRB A K #
*A B CBP:Flrpict) LK X K& E R HEAT~200Ke) B RATHER . &
RigFk, RBTGEIHN%HEFIHARRKIETFHRS
(6.310.3)Im/W#) & o 3h B3 E ., & H L K (EL)AHEAE A =470nm & &
KEHRHME, Erw=495nmF540nmEL A £C 9%, FH T x=0.16
F2y=0.29#) Commission Internationale de L’Eclairage(CIE)4 #%.

AEPHANEBREMHLECRAKRERAFTRE YA THREH
ARBERG—EHFH A4, RAKERSYER £ —A e RBAK
(FRE B Fo R RAL B AR (e CEEA REAMR), AT E T XS Y
BN RBIAREMNGLE. ROXERESYHAHAEETT HRS
Womsk M), 5T TP BRAT-T R K, REAn-n iFiEd
EXRRERARATRANBRAGEEL -, wAERTHEFHFT
ARAE, kB XBEAY AN HEE L BRAK G H#BMLCT) K
NREHREMWFH. MLCTH TR A A FARBRLGKRER X4
8. ZEA G FREBIEAEEPE T A i LR R Y MLCTHAT 3%,
E A AR A R FRAR B R (acac) K 3k 4 vk 2 F B (pico) I %
7, 35t F AT (ppy)PXEe oM AT =AM, BRENHBR TG T
# picoBt R 5| R PR HOMOR Aty h m A A, FEMLCTH LA
Fo R AT KA 4 H

X s Eu b2 —, BP(2-(4,5-= AR )HEAR) (TBLA R ERAR)E- 44
RAAERASHOLED T B RS R A FRET S AL AABMERANLK
B EF13% I TFRE,

!\ N RN ~
N o

[} L X
- l\P<0 > \"‘{Z > \P/\o > F \P<o >
T

(ppy)Pt{acac) {tpy)Pt(acac) (bzg)Pt(acac) (4,6-F2ppy)Pi(acac)
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) )
g/ <oi>§ /ég(\*’tfojé

(btp)Pt(acac) (4,5-F2ppy)Pt(acac) (4,5-F2ppy)Pt(pico)

YA RK AR L BB Y, KB RAT R T LA N
EEAR-ERBEBREER TR AR LA Y BNit i SNE B
R, Blde, Q-FEWAR-N,CY)(TBERIAR)AS4(ID), XEAZH
Pt(ppy)(acac) 2 (ppy)Pt(acac). 4¢3 T & & ¢4 8K BR T T A4 A BAR &
ABRAEFRE; BRRARRBRRFTEE R, FloBEREAXBNEH; K
BARRABRNKEITAR R (EHl Tk QERARKRREY, %id, o
Rl — B E. ETUARIEBEEELERTHARRMEH
ReERUAFHER, AQFERRRIRBRAEFE; BRAIKABRKSF
BER, flloBRARRNEY,; ABRRRABRRKERKR(EH T
R ELIEEL . R, WA,

ALAHZERRENLEDHHE S THTRIKR. HRK,PCl
REMECPHRGFA L EEEAARER T #T, REXEMLE
W TR MR, TEFMECN AR AT HESHE
BEFH R &HETHREM, RIESAML, ABruker AMX360 MHz
A 500MHz B2 XNMRA#. AEA & FAE L E &) Hewlett
Packard GC/MSH & 75873/ T # AR AR 8 KI5 LA MS Ak
A Princeton X % & Frik Chem Laboratoriesit /T 45 E k. &
University of Illinois, Urbana-Champaine#)Microanalysis Laboratory
WRAK S HKE.

1R 4E Cave G.W.V., Fanizzi F.P., Deeth R.J., Errington W., Rourke
J.P., Organometallics; 2000, 19, 1355, #|&EMRA FTEANHLH HF4L
RBACHE . FUELAR(C,N)# £ M [Pt(C-N)(p-Cl),Pt(C-N)| 44 Pt(IT) p-F HrdE
o = RAK.

(2-F E b s AR -N,CY)( T B & & B4R )4 44 (ID[Pt(ppy)(acac)]. &
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100mg#) Pt(ppy)(u-C1),Pt(ppy)=R4K, 25mghy2,4- X =B F285mgky £
KAEBRAESMIF2-ZEALH T AHRAAFAE TAE100C T RIS
NEF. BHE|ER, HhobRiidik, RETEEY, BFRARE
EM (=R —RTR), RERATEHZEEARGNIKE), 'H
NMR(360MHz, & #&-de), ppm: 9.00(d, 1H, J 5.8Hz), 8.02(dt, 1H, J1.6,
7.4Hz), 7.89(d, 1H, J7.9H), 7.57(dd, 1H, J1.6, 7.4Hz), 7.51(dd, 1H, J1.6
7.9Hz), 7.32(dt, 1H, J1.6, 6.8Hz), 7.11(dt, 1H, J1.6, 7.9Hz), 7.04(dt, 1H,
J1.6, 7.4Hz), 5.55(s, 1H), 1.96(s, 3H), 1.95(s, 3H). £ M B12, o445
5. TARAN @9(21)

(M FEXE )RR NCHNLHERFHR)LS &
(II)[Pt(tpy)(acac)], «l%momgéﬁPt(tpy)(p-cnth(tpy)——%ﬁ&, 25mg#)
2,4- % =B F85mg ) R KK BN ASmIty2- T A LB T EHHAA
AEFTAI0CTE RIS, SHB TR, Fhbdkiodk, $87T
BEY, BTRAkiE EF(CRALE/—RTR), RERFTEEL
& B4R @42% k%), '"H NMR(360MHz, CDCL;), ppm: 8.94(d, 1H, J
5.9Hz), 7.74(t, 1H, J6.8Hz), 7.53(d, 1H, J7.8H), 7.39(s, 1H), 7.30(d, 1H,
J7.8Hz), 7.04(t, 1H, J6.8Hz), 6.88(d, 1H, J7.8Hz), 5.45(s, 1H), 2.00(s,
3H), 1.98(s, 3H), 1.95(s, 3H). £ E12, L&A F1. £ 5K BD).

(7,8-F FEHAR-N,CY) (T BL A& A B4R ) A 44 (1D [Pt(bzq)(acac)]. #
100mg#) Pt(bzq)(u-Cl),Pt(bzq) =K 4&, 25mg#)2,4- % =8 #85mgt) £
KRB AN E8mIN2-LREATE F AMBRAARAE TA£100C T = iR1S
N, BB TR, HiebRfeidk, RFTEES, TRk
EM(—RMAE/ZRTR), REABTERECEAQT% kE), !
NMR(360MHz, & B -ds), ppm:9.13(d, 1H, J5.4Hz), 8.25(d, 1H,
J8.3Hz), 7.75(m, 2H), 7.50-7.57(m, 3H), 7.44(dd, 1H, J5.4, 5.4Hz),
5.52(s, 1H), 2.04(s, 6H). R B 12L4H A 52. ERHEI(0).

(2-F AR AR-N,CY)(Z Bt & & B4R )4 44(1D)[Pt(bzpy)(acac)]. #
100mg &g Pt(bzpy)(u-Cl),Pt(bzpy) = R4K, 25mg#y2,4- K =B #285mgt)
AKBEBAESMIN2-CRALH T AEMRAARE TAEI0CTEA
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15000, HHEEER, FhbRfdik, ERTHZH, BTFRAP%
BEM(—EMBR/—RTR), REXFTERXRKEERKRQ0%IKE), 'H
NMR(500MHz, CDCl;), ppm: 8.88(d, 1H), 7.71(t, 1H), 7.35-7.43(m,
2H), 7.13(t, 1H), 6.98-7.02(m,2H), 6.91(t, 1H), 5.49(s, 1H), 4.16(s, 2H),
1.96(s, 3H), 1.95(s, 3H).

Q-Q-F%w A )R AR -NCHTLBLEFIR)L4H
(ID)[Pt(thpy)(acac)]. ¥ 100mg#) Pt(thpy)(u-Cl),Pt(thpy)—=FK ik, 25mg
#2,4- K =B A 85mgt) R KK AESmIN2-LERA LB FARREA
AREETAI00CT @ RIS, AHE TR, FmbdbKiitsk, HE
THEEY, BFRAREEF(CERMEZRTR), REXET 2R
EE4K(20% K %), '"H NMR(500MHz, CDClL;), ppm: 8.78(d, 1H),
7.67(t, 1H), 7.46(d, 1H), 7.26(d, 1H), 7.17(d, 1H), 6.86(t, 1H),
5.46(s,1H), 1.98 (s, 3H), 1.95(s, 3H).

(2-Q2-(4,5- K E K )T AR-N,C) (T B A & B AR )4 48 (1D)
[Pt(btp)(acac)]. F100mg#d Pt(btp)(u-Cl),Pt(btp)=4k, 25mg#2,4-
KRB F85mgt) X KK B4 ASmIt2-ZHRA LB T AR A ALE
TAI00CTFEKISNE, A2 TR, FobKiitk, ZHTHEE
#, BFRPREENH(CEAAE/—ETR), REXRFTRLEHRK
(20 % & #). 'H NMR(360MHz, CDCl;), ppm: 8.90(d, 1H, J5.9Hz),
8.75-8.79(m, 1H), 7.77-7.81(m, 1H), 7.71(dt, 1H, J1.5, 7.8Hz),
7.27-7.34(m, 3H), 6.95(dt, 1H, J1.5, 6.8Hz), 5.54(s, 1H), 2.08(s, 3H),
2.01(s, 3H). 2 FB12LAHF T3, LA FEI(e).

Q-@,6-=— AREXE)LRRNC)LBHEAFAR)L 4
(I1)[Pt(4,6-F.ppy) (acac)]. 4% 131mg#y Pt(4,6-F,ppy)(u-Cl),Pt(4,6-F,ppy)
ZRA, 43mgh2,4- X —FA109mgt) XK BE B A10mIt2-Z A
LBt AREAAARTAEI00CTRAISINN, 3| TR, Hoi
Kpeitik, RBRTHZ4, BT Rkt EM(CEMNE/=ZRTR),
RERFT X% & EK, "HNMR(360MHz, % & -d), ppm: 9.06(d, 1H,
J1.0, 5.9Hz), 8.08-8.13(m, 1H), 8.01(dt, 1H, J1.5, 8.3Hz), 7.38-7.43(m,
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1H), 7.05(dd, 1H, J2.4, 9.3Hz), 6.69-6.76(m, 1H), 5.61(s, 1H), 2.01(s,
3H), 1.99(s, 3H). 2 A B12LAMF 54, LAFEI).

QWS- A EXEA)RRBRNCLILHEABRR)L &
(ID[Pt(4,5-F,ppy) (acac)]. ¥ 68mg#) Pt(4,5-F,ppy)(u-Cl),Pt(4,5-F,ppy)
ZRAK, 36mgh)2-wboZ F BR Ao STmgt) KK B 40 ESmIe)2-Z A T
BPAEEAARE TAEI00C FTRRISIEN, AHB TR, KK
LR, RETHEEY, ETBRPRkE EN(CRLE/ZRTR)ZE,
KT EREHH®. '"H NMR(B60MHz, #A&-dg), ppm: 8.99(d, 1H,
J5.7Hz), 8.06 (dt, 1H, J2.3, 8.0Hz), 7.90(d, 1H, J8.0Hz), 7.62-7.68(m,
1H), 7.37(tt, 1H, J1.7, 5.7Hz), 7.20-7.25(m, 1H), 5.58(s, 1H), 1.99(s, 3H),
1.98(s, 3H). AFB121L4HF 56. E5F B,

2-@5- = R EXA)®ZARNCHR- -2 F B %)L 4
(ID[Pt(4,5-F,ppy) (pico)]. 4 69mg#) Pt(4,5-F,ppy)(pu-Cl),Pt(4,5-F,ppy)
=R, 30mghy2- F B Ae52mghd LK BB 40 ESmIt2-Z 8 A T
By ABSAARAR TAIOCTERISIN, $H3 T8, FmbdK
i, RETHRXY, £F Rkt ZEWH(CRAAE—RTR)ZE,
RRTRREBK, '"H NMR(500MHz, CDClL;), ppm: 9.15(d, 1H,
J5.6Hz), 9.05(d, 1H, J5.6Hz), 8.08-8.21(m, 2H), 7.89(td, 1H, J1.2,
8.0Hz), 7.68-7.71(m,1H), 7.54(d, 1H, J8.0Hz), 7.32-7.36(m, 1H),
7.12-7.20(m,2H). £F B12L48HA57. E£FBI(g).

(2-(4- R KK ) AR-N,CY)( T Bt & & B4R )4 44 (ID[Pt(cppy)
(acac)]. H69mghy Pt(cppy)(u-Cl),Pt(cfppy) =34k, 58mghy2-wb 2 ¥
BAS2mgt) R KK B ESmIN2-ZEA BT AERAARB TA
100°C F &iR15 6. A TR, Smbd Kk, EETHEEY,
BT HRAabhig BT (R —RTR)ZE, RBETEHEEAK, 'H
NMR(360MHz, & &-ds), ppm: 9.07(dt, 1H, J1.0, 5.9Hz), 8.14(dt, 1H,
J1.5, 7.8Hz), 8.05(dt, 1H, J1.0, 8.3Hz), 7.77-7.79(m, 2H), 7.46-7.50(m,
1H), 7.43(dd, 1H, J1.5, 8.3Hz), 5.61(s, 1H), 2.01(s, 6H).

OLED#| & Fe@liX. # KAWL RYOLEDH R ERAESL
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BORFREREFETFARLEGENASATO) R A HEAEM L, F
AAZRARE@-£EERBIR)SEAINF/ R Mg:Ag(10:1E F1b)H
BGEASANEHLERREMARERELE. — &, T5mI KB ER
24 100mgt PVK, 40mg#iPBD#=2.5mg#) (4,5-F,ppy)Pt(acac). &%
&) 3 iR &4+ (3000RPM, 40s, Specialty Coating Systems, Inc.)&% 4% 7
1300+20A B 49 PVK:PBD: 4 M i, i i3 4% B 6 % M) 2 (E A He:Ne
¥ A4 Rudolph ) # B X 1), E&RAZW, HBARA02umiTR B
TR, =(8-# A %9)48 (1) (Sigma-Aldrich, Inc)(Alqs)/E4% A X #T4k
. SSBEHHFTAMNELERATAERTHT. B4 LRA-LERKE
B 45t 8 1L B A7 1% 3K T Newport 1835-C Optical Meter #) Keithley
2400 SourceMeter/2000 Multimeter #) National Instruments /& /|
LabVIEW ™M A& k| &. £ % & TF APTI QuantaMaster™ Model
C-60SE9 £ K Hitie T w8 & k.

TAR A E# 4 OLEDH AR T AR L MA4AR 4 td L€ 7 k.

B K IBE AT #6645 A4 HBOLED® 69 X bArH A &, Tiext
T FREA B BB M B A A X A OLED 4 My B A 1R 3K
B3t A&, &R B RS L F fac = (2-FARR)S4R(Ir(ppy)s) ¥ & XA
MK K B (OLED) LA LA R R 8 24AMHEE. il
M.A. Baldo¥ A, Nature, vol. 395, 151(1998); D.F. O’Brien¥ A, Appl
Phys. Lett., vol. 74, 442(1999); M.A. Baldo% A, Appl. Phys. Lett., vol.
75, 4(1999); T. Tsutsui¥F A, Japanese. J. Appl. Phys., Part 2, vol. 38,
L1502(1999); C. Adachi¥ A, App. Phys. Lett., vol. 77, 904(2000); M.J.
Yang¥ A, Japanese J. Appl. Phy., Part 2, vol. 39, L828(2000); AR
C.L. Lee¥f A, Appl. Phys. Lett., vol. 77, 2280(2000). B % X % %
Ir(ppy); & B-BL AL HBEH KSR AR E25eVA3.0eVZ
B, Z£4400nmAEAERKGREELAR, 40 -NN-Zfe B
XCBP)TRAMAZLKSRERB PR TFRUANANELY. £A
ZCBPY¥ #16-10 % Ir(ppy): 35 7 A K A Ir(ppy)s St t. BT EB LA
Fo AR A RELBAS, TREPHECHABARINF LS G24]
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BRESTRABARTFHARYAALEY. HABRKBCBPT
Ir(ppy)svA & 2,9-= F %-4,7- = K K-S BCP)L F T H il T
B HeEAAKE, M.A. BaldoF A, Appl. Phys. Lett., vol. 75,
4(1999). EiEBHP, AABLHYHCBPEEHES TR,

EAFTHADNIAALA-ZG-FERXREAXEEA )= X LR
(“m-MTDATA”) A#EHK L XOLEDY #HEREHRHH, B+ hhi
Z@-£EER)ECAlG)HLTFEBERFT KA. KA Shirota®F
A, Appl. Phys. Lett., vol. 65, no.7, 807(1994).

WHFTEMNTEIAFRERSFZEMETHBHERE. BEK
iR LA TFNAER, SR AKfoky, UEAEZKF TARZNE
MEOFRREZEAERBREE, 2N kfky. ERETFHRIFZGH
AT, BEFXA:

dG/dt = -kgG - kxG + k,H,

dH/dt = - kyH - k,H + kG, (1)
AVYGHRHAREGR P IR ZRERTFHEE. FAOHBEXAAT
BRGNP HRE:

G,H = Ajexp[kit] + Asexp[-kt]. (2)

BEREPYGERFRARFTET, FFAMH A () NN -ZFE-N-3-
FEAEE)[L,1-BEEE]-4,4- =B (TPD), (b) 2,9-=FE-47- -4
-1,10-3E B R (548 X XA BCP), (c) 4,4'-N,N’-=vfeit . BL ¥ (CBP), (d)
Algs, (e) fac=(2-F R ) A4k [Ir(ppy)s] A= (f) 2,3,7,8,12,13,17,18-\
Z A& -21H,23H-"F %444 (1) (PrOEP), X %48+, TPD#CBPL
2R TREBHH; ARAlGABCPR G T4 AH. FAHELKL
RAYEEA: Irx(ppy)s: EAE~S5100m T LA, BAH-0.4pust B4 F 7
idfePrOEP, € Z650nmT AKX, EH-100us’t)BE k5 F.

RFERLY, Btz R T4 FFVWAHLER. LE, K
KRN EHRFEFTBEUTRXRAE: Kk phos*exp(-delta_G/kT)>k_host.
K phos®B iz B, HAXLR T KT H1x10°# Fo/ K 1x10%/ %,
Delta GRAGETE, ARAFATERAFTAIAFERZLSZ
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Mgt EE KTRMME, ALY BHREBE T A K0.025¢V. k_host
REIRERE, ARAVHEBERFTEY, Kk hostF B THEHAFL
BHEHEXTE, CERTY5x1074. B, EFFAHIER, B
k_phos*exp(-delta_G/kT)>k_hostZ A, 4Rk _phos& K £1x10%/#),
kTR X £0.025¢V, YA RK _host® XK £5x10°/4), #F Ldelta GI&F X%
0.075¢V. EE#HF ZH LT Hdelta GH P R & R delta GI& T 4
0.17¢V. BT i XM XGEE, SMRFFRAREBREFTEA
B EAMHG AR RSIT. TF, BARRZKERAN TRt BH
mBEHEE,

W, ERARLPHRAETEY, EZREREEREZRD, SE
RECHREBE ., EREZPHF—KEFEY, k-phosZ#1x10%
#, k-hostZ £ 1x10°/# Fodelta_GIK T £40.17eV. EXRZPH X —5%
T EY, k-phosZ£1x10°/%, k_hostR £55x10° /% Fadelta GI& T 4
0.17¢V, ARZXAHKLEZHRFTEF, kphosZ#1x10%%, Kk _host
R Y41x10° 1% Fodelta_ GI&F £90.075eV. LE T F B UIEELE D
P30
EXAELAHERFTETY, BITIREFTTHARAHBFG S FLEH:
(a)TPD, (N,N-Z K E-NN-3-F A XK E)-[1,1-BE X K ]-4,4-—FF),
(b)BCP, (2,9-=F %-4,7- =% %-1,10-F %), (c)CBP, (4,4’-N,N’-=
ek B K), (d)Algs, = (8- KE9k)48, (e)Ir(ppy)s, fac = (2-F K rikoR)
&4k, #=(f)PtOEP, 2,3,7,8,12,13,17,18-\ T X -21H,23H-"F %4~ 44(IT).
17—V RTFTAEARARNER-IRARRATH L5 N5 B
172 F TR O fEmtsifehig B, 93 Hkefoke, EAMETGibb§
HERNAG)F S FERAMNE. RAZAKFIARZKENR TR
B4 A AARIE A ke ky.

AEPAHBMALOLEDE AR EAR P AN T RBEMHAH KL
EHERHFHOLEDE R EH A, AP EAMHBANSFH=ZL
BMASELE, B, ERALAPHRAN KA RAXZRABEA
WAt B4R 4 & F 24 TR & 9 X B EAARRLAfME, 2K
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AP TLTEELRBOUEEALTFEB IARMB T HEHAHHE
XA

AHISY, LB A ABHHULEMA TRRANLZAMHTH =45
FHAGBAE, & FRERESENANIFILAHETLAHTL, &M
RBENRFH EHELS TFHREMOMO)M BT H & & w4a(IP). ZI&IFE S
# 4T HE (LUMO)F T IP/m & 68 P (engery gap), 4= B Ik K87 %
WARME, ELURBATHRETAMTHINREHTHRLELRR. B
TTAFES: ABI1S@)F, IARAEB LT A THARALS
KAea-NPDZ AR ELL; £B18D)F, TAKLIEIHEXRPRTFH
BRALIRFBCPZRY RO, ERAHBHP, AXIHELEHZ
W, ZRAMBBEI IR K, L BAIBFIHANLERSLIHA
NFERE, BRZEEHAFARAABEAZ N LR TR,

st FRAAIQGHES TARNLHEAZY, X TFHRAKEFHTLA
Al R &k, ERAHATLYE A EAMHHHELT, RFHARERAEL
HTLABCPZ MM FEL., HATHEMTFI K, ThRHHGASBLE
EBFHARGRHAEZRNEAN. wBISH T, ZRSARBLE
ARCZRB BB EREZI TR ABLIFTAB LRI K, EwB18F
T, /BT TRFEARMHHER, UATAHARABH L FHEELR
KA EES FHRELUMORAT, ARTRYEREIRF EED
FHEMHOMO)VRL H, whEMHHLELER TG, XET
AR Z, HOMO-LUMOIE M F FRFEM, dod B k#0284 A
#. BEBET, LUIMORXS A AS L FHRASESHREK, ZRA
BREAREE, CEERRAMHEREN, ERARGRAYLFTELS A
MALRCR A K T ARt s B AT Bk,

ERITELTHPLA SRR B EFN TN ZAREARRE
FF, HZRIGETREA L L IR ERMHGLELGEZ LAY
B Lé) g B RAAG. EFRMB R PIOEPHRIr(ppy);H AT, &
THRARBAGH K N Fo 5 R 9 ELHF L AFREARESHENEL. £
HAG<OM WAL AN —NERAFTEF, AFARRS T LY ZKER
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BARHE G EAR-TKREA 63 ECBPY 4 PtOEP A £ TPD ¥ &)
PtOEP. EXEHAT, EARFIARZLSETRAELKRY,; BRR
Rkp>kg, B2 EILENHEHRRRMERITE.

EHAG<OM W ARLAH I —RAEFTEFY, RABHZLKSRHMNH
MNEH: EAlgsT HPIOEPHECBPY #Ir(ppy)s. X Zkeokg, EA&
RBEXK, AAALABEARPRIRZKRE_FHNERERE
(population). £ HAG>0R ) RL AN HF—NERFTEF, Elr(ppy)s
ETPDYHEBE Y, RHZKIETEAEkoke 2R L, £ HAG>>0
e RKEPAHE-ANERFTEF, & Flr(ppy):; =LK E T A Fke>ky)
HAIQGH R, EAlg ¥ &Ir(ppy): AR T HRAKSER, BT F#H—F
# &,

EREPHF—AEAFTEY, ARG RERETEZARFEARY
FEHZREHTERE., Hliv, 2REZKRSTFTHRLEEATAE
HMET, ARAF BB TEY, PR = &AM RG] . Bk,
HATEBFZHLEBATR-IAREZL, ANEETHRETEANLE
B, A TABAHART AR E. BI18HLH T LA
BAMTFHRESLE, BRZKSETHINERANMARHQILTRA
Y. ATREFREE, KNELLALELHRY, AETL/HTLR®
REETERESFZLZEIETF. RFHUABRLART, HELH
FHEIRMHGELSTLEABRNRARLA. REAFLLHEZ
B, MEAEAFSLRZAMHER, AR ZLATRTRAER
RERGERE, 24FT a8 AR BT8GR ERBERTFE
Ao F A B (trap)yrF R AR LA RKXA”, B, mREAFRELRG
4 /& (reverse bias)®¥ AT AR KM ERBER, AAAEZARSTL
HaFHELALREY. £AFAL
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A1 MR ZEAREFRERZKAHFH

# %t Z &5 F(20.1eV) ZRAEHS
PtOEP 1.9 1.10+10us
Ir(ppy)s | 2.4 0.8+0.1us
CBP 2.6 >1s
BCP 2.5 <10ps
TPD 2.3 200+50us
Alq; 2.0 25£15ps

BAZLKEHBUNLEE L TR T RES LR G RBRE, BTl
M= LSTRENLFTEIBERVBETELAAL., Re, FRAERLP
LT KEEBALERGEALT, ETRHRALCH RS #TN.
bldw, EZZESEHBIREHWRFHRRTALERASFEXLEZH
AARFIMEBY K., X2, AL PERBARR G155 KB AR K
AP, B Bad, SEHERREN, A THRGE, X4 R
LAY K.

RRERAER-ZHRARER, EANTELGLKE RERX B EIK
Bl EARGRERBEAG0). wREIARTERIYZLKERE, %
—HRRIERTARR § EARGBEL, AR ETPDY HIr(ppy); ¥ £
R, AGOHBEXOLEDH E B A K ETFH BB HE3%.
BEXFAREAY, MFISHETIARL, REAAHITHBIBL
FRBAEL, BRAGONER-ZRELHBLE IR EGREBE
RAOFR—BALT A ML, BAGONKATA T HREZRAL
HBE ERLK,

5 ETPD ¥ HIr(ppy)s £, s/EAlq;F 49 PtOEPK I T & 2.4k %)
BFRGZEET K. RPAAIGTHRTEBEBRN O, RTEHEY
R, BEIBAEMTFLAEBGTARSK. TRk, AL
HESBEERF, RMEFT B5)x10°cm™ 85 K & KD rie
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r=(25t15)ust) Z KA F 4.
AT BF PG LHEBAETREF LA

kS X3 AG X3 A% | EEAL | EIET
%) @0.1eV) | E%) | bus) | wHEE | ma
PtOEP CBP -0.7 >1s 80+5 ) 6%
(110£10ps)
Ir(ppy)s -0.5 <0.1us 8015 ? 3%
TPD -0.4 200+50ps 8015 % 3%
Algs -0.1 25+15ps 4015 2 3%
Ir(ppy)s CBP 0.2 >1s 0.410.50 1 8%
(0.8+0.1ps)
TPD +0.1 200+50us 1542 X 3%
Algs +0.4 25+15ps <0.1 ? <0.1%

1% R % EBE KR Ir(ppy)s M T B BAR-2 KR AT AR LKA
LB =K ERE, FFAG~0. ¥97, dIr(ppy):Z|CBPH B A ## £
BRREZKRBKEF G — 2R X FBE A4 B ~0.8T &2 ~0.4usty R B .
B RXA, 2H ECBPF #H £ Ir(ppy): KT T HA8% 95 & F 8 &,
T X LR RALATERGARAE, XERRRTHY, BAHARTY
RK¥SECHEHEZE LB AIr(ppy)s LH K. LE, CBPHERHOMO
RRAMFRET EBMAEARALATRBE. LAHXHARETRAS TN,
ABRAEL THRMPHELT, BARRHEZ S Ko —12HiERTH
8.

A LS| 36 B fo 12 E —F G RBRBRERAR T RN,
#lhe, RAROLEDEWAREF kR BELR#AE, WREARSY
LED; RABRELBENREAFT ERRRLTFREL; PRARABEY
KREFERCLFRELIBS.

FERALETARTFTRBEMEMRITHRE. XK. HRE. &, %
EXLETRETE. EXEBETELFANBRESRELEHIAR
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REE, RELNOLEDHRTAALER I #E, KRABHEF
BUHBRARETFEMNZIMHGER, QS SlfiM, TEMURE,
AR BABER oL E, . XKEREER, RREEFATHAR.
REENEMBI IO ELEEABH PSSR EFPREHLERET
BREABHG—HS. ME, XEZARGLEMTIAAERERH¢—
. BARATATHARNOLEDH EEHHLAAKE, R EH
OLEDAA, A K548 RALEDA L, AKX 9888 AA OLEDE T
ARERAEAGER, XEAREBHRRAFLEEXANYBALA
W88 G FPITR R AAT, KEB AR OLEDS it A F = 4 BF & B
CRANHKEELR.

WRIKMHRCTESKR, RAEAELTFEHEETL)FA T
B 18(a)dy &2y, EFTA TAMF L ¥, Alq;FoBCPE B T A A ETL;
FEMALERERFALGESA FTERESEMHTL). sFFX kit
#, BREEREX M TFRBHHAHTEHTLAYREL. Ak, &
MR LB 18(b)F FF =844 F 4 BCP. BCPRLSH S L F, 1283
= R#ANETL.

BHBLRBRMHEZTEALAZ(S10°R) THARKL L4, £
BRET, RERIBHHRRERAITORF R A EBEMN L,
XZ G T AR EARMB. B i 4L LHTL, 4 /A120A5BCPHK
HE. TR B4R A AIGETLA S & £ 4 K 35510004 520:14) Mg:Ag
P, AmERFFARELARRZLEGEERARELHMRA, &
3 B8 L RARS00A T G Ag B AR Me-AglA B R B KT K. £
BRABRETEA —HImmARF o HELAL,
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