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[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

ofgth.  E2E wIAYFAA oUA gl (71M=, Al 98 sgE (118Bd))= E34ds 7HA ok 817
o, A1 1F4d shgte (118Bd) 9] 1 FAb &2 At sl 0.1 o)dolzks AS AT,

&
B Ao A2 134 SjtE (1136d) e d5E o7] FH (S Al 134 3= (113Bd) Y] 53 o7

FE (T B 52 olUAE zhan, wehbA B 9ol 7] oauA] deel anA] 7jejshA] fdeths A& <

Fh2, Az 934 FFE (LGN AFF T Feel ol7lae] dquA (19 AvE WG (dF B, 5
A oag) o MBY)E, PRAoR Lo dAUE o A3 AP HFE (RO AFF )7 3
(To= g + Ak o), A2 QB4 SFRE (1136d)e] Whyolehes (ke AF P4 & ¢ ZHer)
) AL, 2 A3 QA BEE QRO 23T 14 FH2RE 4FF olr] geme A% doldl A
S 488§ et (45 oY) duel §4 ~dEge] AU AR Jjadt. o =
Aol MEHW, LY Lol AFF-AFY Lag ouA deel sbsettt. EaE WAUZIA ouA
oAl (o714, Az AFA SR (1136d)E WA Aok 7] wiel, Al2 A% SR (11360)9
A% FA S wAAAE 0.1 ool Ae AR A,

olelg oA Aol osl ANE T A3 ABH HFE (1RO 9 BY (B Sof, 24 wPow
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A7 E2E WA dde] RHERAN ARae B SFEE AtoldA maE&Aow HASHA i, S2E

Arze wAdA GES a7 FaNE, AL WA A3 525 ARe] F5 adEge] B4 4 Wl U
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[0061]
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[0063]

S=50l 10-2072253

84 2

_9000K°¢1n10
" 1287 n' NTR®

[Fe()Zda ...,

%, s A7 delass Auae] At AL o 4 Ak, wHomE, oA Al FupgEd wr)
A7 Poldrh RS eItk Z, o, B EF AF e (Mol 2 3Hg Gt F(A)7H em@slolof dit
= oEed ol itk e (MAF 2 993t F (A)7h ewasE Aol d5aold

weba], 2 oa o] shube] AAIFES] W AxlelA, GRS EshE Al 1A S3HE (113Bd) (FAH L
2, 440 nm WA 520 mmoll A #F 3 2 285 717171 AA8iA
=, 440 nm WA 520 nme] M9 WelA, 4 e (M)A 9 HAAVAF ok AE zta, Al B4 EE
(113Bd) 28 W= Fo spgut 11 spge] #s WEshe 34 5tE (FAYSZE 520 nm WA 600
mell A g 935 2t 1EA 313 A2 134 shghE (1186d) =4 AREZTh. F7h=, A2 134 3t
d= (1136d) =58 e oA S7HA7171 e, 520 nm WA 600 nme] HS WelA, T4 e

OS] Aghgse] Sk BE 23, Az 994 HFE 16OEYE $EE P
Z
[e]

—

e B PESE ARY STRLS A3 AFY FFE ALROZA AT, 4] PHom BYHE <
H R Age, 2Hol Be AAYS 2 Fe ATeL, UaBelt ke AEE 2= Fe GEHO
2= RS 5 A a

Sdlat A 2 B)E o & olalsty] fl3El, shrlelA FAA dE 5] AE

=, ddEA, 7] YyeERd s (1) (Ef={2-[5-(2-HEHd)-4-(2,6-tdEHd)-40-1,2,4~-
Ego}E-3-d-kN2]Fd-k Cro]FH(II1) (2F): Ir(mpptz-dmp)z))o]l HAFS WE3te Al JdFA =
(113B) EA AF&53; 3o Yt 33E (2) ((oFHEolHEY ol E)H] A~ (6-tert-FE-4-5d 3 ] v t] v o]
E)olg | (I111) (Fof: Ir(tBuppm)s(acac)))e] #l1 <134 31¢HE (113Bd) ZH-E] WEHE Fo J34EY 11 9
%}% zb= B (58S WEstE A2 A3 s (1136d) BEA AFEEa; sh7)d Yebd 3385 (3) (M2
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S=50l 10-2072253
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© 39 (ME A2 A FFEQ HAE (2)9 B FF AS (M) 2 e (M)A E UG, B EF AL
e (M= A9FZ0)A Brh FopAu, ¢ (M) A'= 490 mn 32 (o= BE (2)9] 45T MCT 4 W=
o Asehel A Fulgt A Zeth. o] dREE o 4 i vie} go], A o] ggow
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SE50dl 10-2072253

ANA, WF Az Al AS (101), A2 "= (102), 2 AL A= (10D A2 A= (102) Aol Alg# EL
(103)& Z3attl, 2 AAFHHE, Al A5 (101)0] =24 7)5s8taL, A2 A= (102)0] HA=
71 etk 7Hg skl Addttis A A, S Al A5 (1019 AL7F Al2 A5 (102)9 A9l
FOAEE Al A5 (1013 A2 A= (102) Atolo] dte] A7b=™, HFS 4& 4 Ur).

Al A5 (10Do] et 2A 71537 wZel, A1 A= (101)2 v sAE, 52 4 & (FAHe=E,
4.0 eV o] o Fe)E zZe do9 55, Fu, A FFE, ol5Y EFE TS5 AMEEe FAET
FAHoE, & 5o, AsAFE-AsFA (1100 ASIETFA), 4 e Agatas Fste Asela-Ait
stA ) AbsQlE-Abstetdd, Abste ~El 9 gbstold & FHale AtsRlE (IWZ0) & & + Atk ol =4
d T AEEY 88 FAAMoE 2FEHEWHA o8] FAHAR, AW Fo AH&d o3 I F
Atk FA e A=, 1wtk WX 20 wthe] Atstold & AtsiIFe] HUMEo2H Aol S AME
sto] ~HE PP o3 AbsiolE-Atsterd s A&, FIME, S A" 9 Abslold & hieke Abskel
F (IWZ0)9 dEe, Astg el 2@ Astold S 22 0.5 wth WA 5 wth L 0.1 wt%h A 1 wthE A3} Fo
A7kt BAS AREste] AsE P 3 FAE 5 Aok, T 9, &5 (Aw), W= (Pt), YA (Ni), B2E
W), Z2F (Cr), 299 (Mo), & (Fe), ZXE (Co), 72 (Cw), ZFHF (Pd), 55 A5 AsE (d
g B°], HeEEE) 5% & 7 I, 2#He] AHE A1

o= 2 #% ok FEE B AR} EL F (103
AL AF 013 Faks Fol AgHE 9, A% ARE 19 o Pl BAglel MY F ek AL o

A ket

& F (11D =& A3-FYAL E4& gfsle Solvh. tshEdadd, Atstuhgg, AbskE
w, Agtg g, Asgrigz 5 . (111)& e Aol A 33
) ZEFEAJold (°Fo]: HyPc) T2 ZeERAold (2Fo]: CuPe), WS o}l 3gHE, oA
'=H 22 [N-(4-H D ofu] =g d)-N-F dopr] = ] vl gl (Fe]: DPAB) H¥= N N'-H|22{4-[H]2=(3-HE | d)o}n
AN N -O ol d-(1, 1 -8 3d)-4,4' -tJo}ql (<Fef: DNTPD), L&A 3§E, oAt Z (S A g
H)/Z2) (B A& FA) (PEDOT/PSS) 58 AM&38te] 449 & Q).
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(4-gEidoln] =3 d)-N-s dopm = 1u]Fd (2Fo]: DPAB), N,N'-H]2{4-[0]=(3-wE=d)olr]w=]5d}-N N'-1]
Ad-(1,1'-H]#d)-4, 4" -t]elwl (eFoi: DNTPD), 1,3,5-Eg]2[N-(4-t]sdepn] s d)-N-s dopm] ]l Al (oF
o]: DPA3B) So

Emz

_20_



[0085]

[0086]

[0087]

[0088]

[0089]
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[0092]

[0093]

[0094]

S=54dl 10-2072253

5% ARl AH8E = e AEuE fEA FAE o=, 3-IN-(9-3d7k2REE-3-) -N-s D o} 1 ] -9-9]
d7b2nkE (9Fo]PCZPCAL),  3,6-M1Z=[N-(9-Fd 7t 2ukE-3-U)-N-dldelr| = ]-9-wd 7t 2nkE (Fof:
PCzPCA2), 3-[N-(1-Z ') -N-(9-9 d 7k 2 nk5-3-< ) obn| = ]-9-s| d 7k 2 npE (oFef: PCzPCN1) Foltt.

53 A8 AHeE £ Qe JlERE fFEA U8 dE, 4.4 -yN-FlEuE)niAd (Fof: (BP), 1,3,5-
EfA[4-(N-7}=ntE2)Eld 1wlAl (eFo]: TCPB), 9-[4-(10-#9-9-¢tE) | d]-9H-7}2ulE  (2Fo]: (zPA),
1,4-H)2[4-(N-7}28=59) 9 d]-2,3,5,6-vl Edtel d A Soju),

55 AR AMEE & e WSS B354 oE, 2-tert-FE-9,10-T(2-YZE)FEZA (o] t-
BuDNA), 2-tert-#E-9,10-t)(1-uU=Ze)etEgAl, 9 10-H|2(3,5-taldsd)etEgrAl  (2Fo]: DPPA), 2-
tert-3-€-9 10-9] ~(4-#d ) EZA (¢ko]: t-BuDBA), 9,10-T](2-t}ZE)tEDHAl (¢kol: DNA), 9,10-T
HdrEEAl (eFo]: DPAnth), 2-tert-HErEF (2Fo]: t-BuAnth), 9,10-R]A=(4-vE-1-12E)FEA
(¢Fo]: DMNA), 2-tert-H-€-9,10-v|x[2-(1-v=zd)Ad|tEZA,  9,10-H]=[2-(1-y=d)Hd]tEZ A,

2,3,6,7-H EZHE-9, 10t (1-YUZ &)t E kA, 2,3,6,7-HEZHE-9,10-t](2-}Z &) ETA,
9,9'-HIkEL,  10,10'-d#<-9,9'-HIQFEH | 10,10'-H]=(2-¥dHE)-9,9'-H|FEH,  10,10'-H]
[(2,3,4,5,6-9ElE D) A L]-9,9' -H|tEH otEghAl, HEZAl, Fad, AL,

2,5,8, 11-BlE&H(tert-F-2)Hd @ Solct. 1 oo, meldl, Z=2d To] ALE

-6 2
2x = 9Jtk. 1x 10 cm /Vs
o]l AF olELE 2ty 14 X 42719 B 9 E 2= wEE Bglgav) E3

ﬂlri
mlo
N
N
M
¥
O
Ir

3 Asel AHEE T dE WIS wBEleas vld S d 7 dves As dAEY. vd Ve Ate
4

A4 -2 (2, 2- ﬂiﬂ‘éﬂl‘é)ﬂlﬁﬂ‘é (eFef: DPVBi), 9,10-H]2[4-(2,2-t#dn]d)

Z(N-0]d7F281E) (oFe]: PVK), ZZ-H|dEZFHdolrl) (o] PVIPA), ZE2[N-(4~{N'-[4-(4-t]=do}
) d ] d-N"- %OFUILMQMMELE‘EOWIE] (eFef:  PIPDMA), X+  ZF([NN'-v]A2(4-FEid)-
N N'-Hl A AR D] (ko] Z2]-TPD) 59 nixA} 3gEo] A8 == .

AT & ATFo2ZN, =& AT-FFHo @AY HF nxrt L 5 AYS Ze AL 7S
s Ut

Aed-% T (112)2 AT-FH54S 2te 245 dfss Folv. AT-FH4S 2t 249 dq= Wi
obvl #5E, od7id 4,4'-H] A [N-(1-Y2ZE)-N-#dotn| = v #Hd (¢Fo}: NPB), N,N'-H]A=(3-#Eds|d)-N,N'-
OHd-[1,1'-8]Fd]-4,4'-t]o}ql  (Fe]:  TPD), 4,4' 4"-Eg=N N-tddolu]x)Eg s dolyl  (2Fo]:

TDATA), 4,4 4”—Eﬁli[N—(3—Uﬂ%Jﬂ )N-sHdolu =] EgHdolyl  (2ko]: MIDATA), 4,4'-H]2[N-(23]2-
9,9'-H]ZF 2 dl-2-)-N-gdoju| = n]=d (2Fo]: BSPB), 4-#d-4'-(9-7 é?&@—f)—%)éﬂﬂ]‘é@‘ﬂ (eF

o BPAFLP) Bolth. ol7]4 Qi BAL ¥e AF-FEAS 23, T2 100 a/Vs olge] 4F ol5Eg
S ol Al AR T AR AT 2e BA A A9 fo] A0l 43
% % (L12e] A9 F% vk, ZO-HEAEEE) (sfof: PVK) Ei Ee(-uldEelddoby) (so:
PVIPA) 59 A gl A8E FE Atk AF-SEHS 2E BAS FHAE Fo U o= A
94 growl, Qele] 7] BAL EFes 27 ol Fo| AFRY F 9
WY F (13 BY BAS TR Folth WY 3 (1INS AALH 19 /AR 2} FAS TS 2
7) wol, ¥ AAGElA Y] WY A G35 e W BES M S Ak wY 3 1Y P2 L A
ol HalAs AAFH 18 REd
WY F UM W BA L BY FA BARA ASE F U AR B 58 Ade gk, )
W 24w wg 24 249 duA Bl A5 B & A

B A AL QB SFFERA ASHT, oA Fol, 40 m WA 520 oA

Aed ¢ oy, FAH o= 6}719} 2 di-ElolE FAS Zhe §7]
gid)-4-(2,6-tH e d)-41-1,2,4-E o} Z-3-U- k N2] H| Y-«
} o] H(II1) (eFo): Ir(mpptz—dmp);), Eg(5-wE-3,4-t]dd-4H-1,2,4-Ego}Z g o] E)o)g F(II11) (oF
-5

o: Ir(Mptz);), HEE EFA[4-(3-8]9d)-5-0]AX 2 B-3-9|d-41-1,2 4-Eg|o}Zd o] E]o|Z F(I11) (2Fo:
Ir(iPrptz-3b)sy); IH-Eglo}E ZFAL zt= §7)5% o|gly A, oY Egx(3-Hg-1-(2-Hg 5 d)-5-9)

«
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[0095]

[0096]

d-10-1,2 4-Egjol&# o] E]o) 2w (I1I) (¢Fo]: Ir(Mptzl -mp)y), H& E=(1-wgE-5-7
1,2, 4-E2 o} Z e o] )0l e F(111) (2kol: Ir(Prptzl-te)s); olmthe: AL zb= 7545 o
9 fac-EF]~[1-(2,6-to| Ax 2 dd)-2-7d-1H-o|n|t}Z&] o] ] F(I11) (Fol: Ir(iPrpmi)s) HEv EZA[3-
(2,6~ s d)-7-w ol vtz [ 1, 2-f ] sl E e Tl o] £ 1ol @ F(I111) (¢Fo]: Ir(dmpimpt-Ne)s): B Ax-Fel
Ng Zhe dAdEd fEAZL HEe §718% oluF AA, oA wlx[2-(4',6' -t EF e 2 )y et
ol E-N,C el B (1) HEHG7A(1-depEL)wao]E (ko] FIr6), Hl2=[2-(4',6'-tZF 0 2sd)w2
Sulel=-N,C7 el 2B (I11) | Zulo]E (Sko]: Flrpic), HIZ{2-[3',5'-H]2(E2EF 0 2ve)sd] 2]

J-3-Z27-1H-
2]

Wl =N, ¢ Jol 2 E (11D oPAEobElol= (ofo): Flr(acac)). 47 4% &, Eelols 274, o4y
W-EUOlE B, H-EelE 27, Et oluthE FAL 2t 8% oldF AAL ke 4F-EUY 5
e etk mebd, Bougel st AAFHe] BY 240 Al BY Fo| A-554E 2E 4
(FAHoR Al B2E Azt A4-5% AR 49, FelobE: B4L 2E f712% oldF AA Al @
B4 RFERA FAS A, o] A%, Aol AAF Fol AL WF F el E AL WY S
Az W F Aele] AW A6l QRS Alojd & gtk 4H-EdelE AL e 71E% oleF AAE g

A% AHY L Y BES 23, B 58 wpggeieh,
A2 AFA FFEEZAE, Eo] Al QdFA ISGERREYH WEY B JdHZAHNY 11 BHAS zteE IS WE
= 3, 9o FetEo] Hul" 4= gk, o E E9], 520 nm WA 600 mmellA EF W3 =S z2t= P 39
S AYsts Aol utEAsitt. FAA o s7ig 2o "Elvid 248 2 fU1ESE olglw FA, d7
g EgxU-vE-e-dAldI gvodlolE) ol gl 5 (I111) (k. Ir(mppm)s), EF2=(4-t-FE-6-3d3] g v t]vo]
E)olg]w(I11) (¢Fof: Ir(tBuppm);), (OFAEolMEY o] )R]~ (6-HE-4-ddgn| o] E) o] ] F(I11) (F
o1 Ir(mppm)s(acac)), (otHEoAEYo)E)H|A(6-tert-FE-4-dHddgntjvo|E)o]gF(II1)  (Fo:
Ir(tBuppm)s(acac)), (oFA|EolHEW O E)H A[6-(2-w2H 2d)-4-Fdagu|tdo|E]o)glF(I11) (<ko]:
Ir (nbppm),(acac)), u]i{z—[5—uﬂ%—6—(2—ﬂ1%ﬁ]é)—4—ﬁ1xﬂululé—KNSM]Q—KC}(2,4—¥1J%E12L1101E—K20,
0ol E(111) (<Fof: Ir(mpmppm)s(acac)), Hi= (SFAEOIAIEYOIE)H| A (4,6-H DI 2] v to] &) ol 2] &
(III) (2Fo]: Ir(dppm).(acac)); &} FAES zZtE= F7]55 olgFm A, dAY (opAEoA EYo]E)H] A~
(3,5-tHg-2-gda gt o] E) o] FH(I11) (2Fo]: Ir(mppr-Me),(acac)) TEE (o}A|EolA|E o] E)B]| A~ (5-9]
2x 2 d-3-wgd-2-gdI A o] B) o] w(111) (&F: Ir(mppr-iPr).(acac)); I FAS ZE 47155
olglF FA, AW Elx(2-wdae o] E-N,CC )o@ B (2kol: Ir(ppy)s), ¥l2=(2-s1dv]e]t]uo] %
—N,CZ‘)Olrﬂ%(IH) oAl o EV O] E (ko] Ir(ppy)eacac), H|=(WZ[h]F =g vlo]lE)elgw(111) oA}
MEUCIE (2Fo]: Ir(bzq)s(acac)), E2(MZ[h]FH =g vlolE)ol8]H(111) (Fof: Ir(bzq)s), Eg=(2-3
g s eulo] 2N, ol H(11T) (2Fol: Ir(pa)y), Hi= Hlz(2-sd7 el 2-N,C ol (111) oheo}
MNEUCIE (eFo]: Ir(pg)elacac)); E JEF w5 ZA, 470U E=(OMHEANEY O E)(ERAdEE
D E|ZH(I11) (2Fo]: Tb(acac);(Phen)). 7] 3lstE 5, tlopxd &2, oxd Igvd =4 =& 93
Y e AA-ERY 5HS 2T weA, B
o] wg Aol A A2 WF Fo] AF-FEAAS ZE AS (FAPLE A2 TAE AR
%! 2= {71 AFA FFFEZA v A AL

" 2
of = Al & T A2 wF T Alole] AW <A
a] P2 E

AHow we Ay % W &

iyl
09
o
o
Nl

qelg = gtk dE 59, 600 nm WA 700 nmol| A P HIE
st Ao migAsit. FAA oE shrle o dEed 248 7%
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[0097]

[0098]

[0099]

[0100]

SE53 10-2072253
olgF A, dAd  WA[4,6-0AG-EsH ) F vy o] B (o] AR EH el ) o] @ F(I1T)  (eFol:
Ir(5mdppm)s(dibm)),  H]2[4,6-H] 2~(3-m & sl d) o] ] w] v o] & ] (t] ] bz A w ehul| o] B ) o] 2] H-(111)  (oFod:
Ir(5mdppm)o(dpm)), W= W]2[4,6-0] (Yarebal-1-2) 3 2] vl o] v o] = ] () ) uk & ol v el o] &2 ) o] €] B (111)
(oFol: Ir(dinpm)s(dpm)); Tebdl 2AL 2b= 47135 o2F A, At (oML olAEy ol E)u2(2,3,5-
g d e o] E)o] @ F(I111) (Fol: Ir(tppr)s(acac)), HIZ2(2,3,5-Edsdu]glAuo] ) (vl
ERdlo] 2) ol @ F (11D (okel: Ir(tppr)y(dpm)), Wi (ShAEOA BT o] E)H A2, 3- 0 2 (4-EF2 0 23 )7
Fadlol e )o@ F(111) (%Fo]: Ir(Fdp)(acac));: W FAL zb= §713% oldF ZA, 4y Eax
(1-s1dol aq Eal ol &-N,C )olel F(II1) (oot Ir(piq)y) Hi HlA(1-sdo]a7zedol &N, )oleF
(I11) opAlE oM EYe]E (2Fo]: Ir(piq)eacac); W& ZA|, oA 2,3,7,8,12,13,17, 18- el & -21H, 23H-%

291 9F(1D) (2Fo]: PtOEP); 2 SEF &4 2A|, odd E&x(1,3-tsd-1,3-Z 23t o] =) (X
AGESH)FZFAID (o Eu(DBIy(Phen)) = E2[1-(2-812d)-3,3,3-Ee] 257 2 Zopd Eu|o] E]

(R dEZ)FZHID) (9Fo]: Eu(TTA)3(Phen)). 471 AR F, tolx Z4, oAY ygvd ZFZ4 =
3 2

= ouER 248 e 47184 ogF AL W AT-EY 54 9 B A4-E9% 542 by
webd, B wgel shlel AAgee] Wy axelA A3 W Fol AF-2EAL e A (FAHOZ A3
7124 olalE AAZ A3 AHA A )

e Awel WEl SHE ATE gl 4% Aol 54 ARE A

1 -
dtef, L= 19] (A) WA = 19] (O] dEhd &xh F27F dojA =
J o

= AH3 2 4 ok o] uf, Adr)el
71" wkel Zol, AA-FEHEAS Ze T2E s 9 HIT-FFAHAS Ze T2E Asvt sEsH
zgEn
AR5 & PARS IXE A 7.2 o &= sl7] < 2} = 2, o ZAdj
H = (10-3l =AMz [h]F s vlo] E)HEF(I1) (2Fo]: BeBqy), HlA(2-wE-8-F =g vo| &) (4~ du=d o]
E)LFrE(11D) (ofoq: BAlg), H| 2 (8-F g lo] E) oA (11) (ofoq: 7nq),
v [2-

C-MEZAED)HEd ol E]otA (1) (eFof: ZnPBO), H+& wvlX[2-(2-WIxEol&d)Ee o] E]olA (1)
(eFo]: ZnBTZ); ZEeolE AL ZE SHIEAEY IIE, oﬂf’m% 2-(4-¥ 94 F)-5-(4-tert-5d o d)-
1,3,4-=A ol (2Fo]: PBD), 3-(4-Mjdd®)-4-Hd-5-(4-tert-FEH<)-1,2 4-Eg o= (o]: TAZ),
1,3-8] = [5-(p-tert-Fgd¥d)-1,3,4-FAlc] o} Z-2-A [wllAl  (2Fo]: 0XD—7) 9-[4-(5-#d-1,3,4-SA}T] o} =-2-
)= d ]-9H- 7}EH}+ (efef: CO1D), 2,2',2"-(1,3,5-HIAEZ ) ET ~(1-dd-1H- A =olu|thFE)  (eFof:
TPBI), TE 2-[3-(t]il=E| 9 #-4-)Hd]-1-Fd-1H-M=o]mt}Z (eko]: mDBIBIm-11); tlo}xl AL z2t:=
FE 2 A =2 ﬂ?f“j JAY 2-[3-(HHEE @ HA-4-D) A UM Z[f h]FH 522 (ko] 2mDBIPDBq-11), 2-

[3'-(t)lzE] e dll-4-)n) s d-3-D o)l 2 [ f, h]F 522 (ko] 2mDBIBPDBq-11), 2-[3'-(9H-7}2u}l&E-9-9)
HEd-3-L o= [ h]H =2 (ko] 2mCzBPDBg), 4,6-B]~[3-(HFEA-9-)Hd]ggnd  (eko:
4 6mPnP2Pm) EEt 4,6-0]2[3-(4-tiWlzEold) A d [ g n el (2Fe]: 4, 6mDBTP2Pn-11); ¥ I =4& 2

© HERAIEY S3HE, oA 3,5-H] 2~ [3-(9H-7F2nE-9-d) A d 9 e (¢Fo]: 35DCzPPy) HEE 1,3,5-EF
[3-(3-FaDaEd gl (eFo]: TwPyPB). A7) Am ZF, Ul 24 Ze dHzAZY 338 2 vgd

5 zb3 o webd wrgAse. FAFHoR ) tolxl (¥gnd
S AA-FEAE MM T AEe] il 71 g

A-5EAL 7;«;— s2E Anel di slg prh WS opyl AL = SRR, o) 4,4'-v] AN
e A (9o WP, NNl NN L1 ek
) ] o

H| 3
4'- ].c N=(2392-9,9' -0 ZF e d-2-)-N-Fdolr| = vzl d  (<Fo]: BSPB), 4-3d-4'-



[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

S=54d 10-2072253

(9-FADEFoA-9-)EF A debul  (Sko]: BPAFLP), 4-31d-3'-(9-A|LZFoU-9-d)ET sl dopul (Fo):
mBPAFLP) , 4-#l|d-4'-(9-¥| Y-0l-7} 20} Z-3-2] ) Eg]f|do}ul (ko]: PCBAIBP), 4.4'-t]¥|d-4"-(9-5d-9H-7}
ZulE-3-e) =g dldolnl (oko]: PCBBI1BP), 4-(1-U}ZE)—4'~(9-3d-9H-7t2u}E-3-o) Ea] s dolyl (okol:
PCBANB), 44" -H] (1-hZ8)=4"~(9-3 d-0H-7h 2 vk -3~ =) s oyl (Sfol: PCBNBB), 9,9-H | &-N-5'd-
N-[4-(9- 3 D-OH-7} 2o} £-3-D) | | ZE 0 A-2-0}7] (oFo]: PCBAF), Wt N3 d-N-[4-(9-5| -7} 2 v} -
3-9)3 9] 45 2-9,9' -H] ZF o dl-2-o}yl (eFo]: PCBASF); 7t=ulZE ZAS zh= g9tE, oA 1,3-0]A(N-
FlzulEe) Al (Fol: mCP), 4,4'-tI(N-7h2wupE2)nlsld (eko]: CBP), 3,6- Hl (3,5-H 3l d sl d)-9-sd 7
2ulE (ofo]: C7IP), HE 3,3 -M|2(9-7d-00-7h20kE) (eFol: PCCP); Elodl 224& 2t agE, o)
4,4 ,4"-(NA-1,3,5-E) ) E (HNZE 23)  (2Fo]: DBTP-11), 2,8-T]zd-4-[4-(9-HL-9H-ZFQ &ll-
- eIl zE o5l (°Fo]: DBIFLP-III), = 4-[4-(9-#d-9H-&F 2 d-9-) #d |-6-# i fl = E| o3
(eFo]: DBIFLP-1V); % ¥F& & 4EH 4,4",4"-(A-1,3,5-E2] D) E (Ml £F '
g}qm TS oko1 mmDBFFLBi-11). 771 A

AR AIAGE AL QB oJE TAE Ans 34 g WA 55 SAEas 24 G A
of AT, FAMOR, 5 AR Eve] wdAsE 40 m olstel gtk

A1l 1A FRE Ze Y F (113)9 IS A8, JF SFHA 93t T35 2 (co-evaporation)©] °©]&
i YA, =3 IEYY, | IZEH o] ol&d F U

ol B)(4-dAlddEdo|BE)dF g (2fol: BAlg) & T3t Tol AMEE & . HE2AE, SAE
A e HolEA HI=E e ‘—ZL% ZA, ddd v z[2-(2-3 =F A H E) A Y o] E ] oA

n(B0OX),) HEv& H|Z~[2-(2-3|=FAgd )Mz olEw o] E]old (¢Fol: Zn(BTZ),) s°l AHEE &+ Ut =5%
23] olelo =, 2-(4-H]HId™H)-5-(4-tert-F-EHD)-1,3,4-FA o} E (¢Fo]: PBD), 1,3-H]2[5-(p-tert—4-
Hd)-1,3,4-FA ] obE-2-d Al (ofo: OXD—7) 3-(4-R1 9 D) -4-Hd-5-(4-tert-FE 3 d)-1,2,4-Eg o}
Z (%Fo]: TAZ), WIRHAIGEE™ (°Fo]: BPhen), WFRAFIZREQI (9Fo]: BCP) so] A= & vk, o714 A

FE EAE 5O WAEEYE AW, T2 10 o /Vs 49 A BEE e Al WS 2
= qdole] g7l AT BAE Amt AA-5F F (114)0] AEE 5 ddnks 22 AX @

FHR, AA-FF T (114 9 To= A=A gFon, Ao A7 45 Fhats 27 o] T 4
=>=X10)
=

o}

AR-5% 3 2G5 Aolol, A7 Aelols] 55 Aol Fol AFY 5 Ak, o]t sFe ¥ A
A-ERF BYL 2= BAL A6l AAE He 2o we A4-FEYS 2% A Bhgosd 349
Folxm, 7] & A4 Aelold] £5L AAFoRA Aol WALE 24T F v . oI TEE, A4
7w Fow Edels A9 MARNE BA (AU 24 FE B e b 9o} us wHHol

ER, AA-5E F (0B A2 AT (102) Al A2 AT 1023 HAsel -39 F (115)°] A
Foadth AA-FY F US)AE, 9 G5, BV Egs, Bt olEd 3
] c;ﬂ

(LiF), EFe-8Ag (CsF), v EF-3b s (CaFy)ol AHEE 4 St

(115) 2.2 nlgha 3
A2 AZF (102)dE, $2 A 5 (FAFSZ, 3.8 eV 0|39 A F5)S zt= oo F&, IF, EAA 3
e 9 olE59 EFE Fo| AMEE 4 Ak oY AMan AR FAH dE, F1E¥9 1 “% 2%

e Y4, dAYW &2 35 (dF 5o, gdF Li) 2 Alg (Cs)), vtadle (Mg), Za (Ca), IEE
(Sr), o]&9 &7 (= B0, MgAg % AlLi), JEF &<, AU F+2F (Eu) 2 oJH=ZH (Yb), o] &
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[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]
[0116]
[0117]

[0118]

[0119]

Solth, e, AA-FY Fol A2 AF (1023 AR5 F Aele] AT
A gool BAglel 24F w44 A

= =
Azl BEL 2vEYy, JAY, 20 29y 5

2 Ok rr ol
rr -
>
ot
o,
o
|
2
ot
N
1%

.
>
oo
it}
a
0,
Ui
o
et
1
2
oX,

o ¥
2 83
e

o o

e A
4 &
30
O

ox
N
N
2
i
4
BN
il
P
rlr
e
o

Ao A=, A1 A= (1013 A2 A= (102) Atele] d9qxt= s d77F

£
245 Fchs 2d 5 ()X e 2 dxph AdgEe], Fol ¥Edn.
K

ol HI
o B
T
ot
2,

o

[l
T TR

JIN ol

CAL A (0D A2 AF (102) F s} B E UE Ed AU, e, Al 93 10D A
102) % s} e B s B34 Aotk Al A2 (10D¥e] Fa4 Al A%, wae A1 A
d Az, Az AF (102)%e] FHY AF A, wFe A2 AF (102
k-
=

= (101) B A2 A= (102) & 9 734 A= A, EE2 Al A= (10D R A2 A=

-

~

o

)
5

o
oft
:Cg

i
e
i,
o

2 10 Nl
= ol
&=l e
—
-
(e}
>
i
off

:Cg‘
A
i
)
o

AL AT Q0D A2 AT (102) Aelel AFHE Fo FRE Pl Y PR ATHA Gk vk
Asple, Wy 9o 2L AT Aol B AgHE B 2RO AT 2B 4 F AES, 4T o
AR 2GS g Gl AL AT (10D D A2 AF (102)02FE BojAA 911 @}

Frhm, W BN ARE olAREe o¥A Aol A & AES, w@AdAs, BF F (13)%
Qo AE-5% 3 2 A5 3, 55 0P 3 (113)elA B Godo] uu} A 23 gk Aelol-
4 F, WP 3o w2l wh wd 3o w9 34 2Aud g Tye WE P8 2 248
AEEER PR

B ANGHA 0 2k vl fd, SehaE 59 /19 A AREn. 9 A 32 4%
ANE BHORAE, FE A | Mo AFAIAL, EE A2 AT (102502
1=

o 1 A

2 ASAE oAk, #g FAAAE, shte] g At kel v)wk 9ol A" 4 AAN

b 227 shvel 71 flel 49 = k. sl vl el FA" Av]el Z1AE viel e
W A Ev A E-vEZ A 3 ZXE AT 5 Jdrk. dE 59,

, Hbe B 2E] (TFD o] A7|H oz HEwE A 9o g AxE 3

4 4 9dal, wEkA TRT7F g Azke] 5 Alojshs AE wjEZ A g FAE AT & Q. TFT

o Fxo] dal 5E3I AFe glom, o= AE|A=(staggered) TFT FEi SIHE= Ag7

staggered) TFTS 9l w3k, TRETe] Alg¥E Hi=Ae ZAA =

ggomn; HAA WA T A BHEAVE AEE £ Aok, E=3, TFT 7@l ¥

2 pd TFTE, & nd TFT %= pd TFIZ FA4€E + Ar}.

12
4
3
r
Y

i [1110
3
o
vl

oX,

it

+ o

offl

ol

fr

rlr

=

of

)—]

=

)—]

2 AN A s, AAEE 1 2 20 7|8 2F AFE AR B FH
22 ste] AWt = 69 (ME LG A Juxmeli, & 69 (B)E

uhz} dekgk ok, o] W A=, g Axpo] WAs Aojate o HAHow vEd, TF 2
(&2 el F+5 32) (601), & (602), & ++& 3=2H (AE &Sl ++& 3&) (603)= E3grt. =
3 FAx WME (604)E A= 7)1 (625)E AXA; (605)E AFHA; I (607)S AHA (605)F R F
7h& YERAT

2 WS (608)2, &2 Tl 75 3E (601) E AlClE 2l 75 IE (603)E JH=EE s E AE3ha,
9 g8 dxXzA #ZgeteE FPC (FYAE ZHE 3|2) (609)2FH vtle AE, &8 As, ~gE
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[Ir(tppr)s(dpm) ]S, 2mDBTBPDBq-II ©i PCBNBB o [Ir(tppr).(dpm)]e] ZH&H|Z 0.5:0.5:0.05= 3} 10 nme]
FARZ FF2] 93] HRAA, A3 TFF = (113R)S FA3tar; o]ojA, 2mDBTBPDBg-11, PCBNBB, =
[Ir(tBuppm);(acac)]=, 2mDBTBPDBq-I11 th PCBNBB t] [Ir(tBuppm)s(acac)]e] ZZFH|E 0.5:0.5:0.05% 3}o] 10
me] FAR FZF o HFAA, A2 WG = (1130)E dAsta; 7 =, 35DCzPPy, PCCP, @ [Ir(mpptz-
dmp)s]-&, 35DCzPPy o PCCP ©l [Ir(mpptz-dmp);]e] A=W E 0.7:0.3:0.062.2 3}o] 30 nme] FAZ F5 2ol
oa HAAA, Al TG T (113B)S FAsIsltt.

of

N
N
fu
23
ot

i
o~

2mDBTBPDBq-11 ¥ PCBNBBE A Z el A~ 3YAJslal, 35DCzPPy @ PCCPE A ZAAE YPAsths AL X3

o kR, A2 g S (1136) R OAI3 g 5 (18R, AA-FEAS 2 20DBTBPDBg-11 3 Ae-5%
AL zF= PCBNBBE 0.5:0.59) H| &2 g3tozn AF-FE54S &tt}. A1 W3F = (113B), Ax}-+%
A& zke= 35DCzPPy 2 AIF-54AS zHE PCCPE 0.5:0.59] HE R {3 o =2y AA-544S ztet).

oloj A, whg F (113) 9o, 35DCzPPy<] 10-nm—F7 ZEo] FA =5, BPhen?] 20-nm-F7 ZEo] AHE=H
A% = (114)S 2435+t

A5 5 (11409 34 F, FLARAF LIDS 1 me) FAZ 234, A4-74 5 (115 F43
ek, whmrom, 4FNES 200 mel FAZ FHAA ALS2A ek Az 43 102 A
webd, 2 Aol Me] WY At 42 AL,

RE 37 FH oA, FHe AFtauel oa) Fastdvs A AW

g b 45, Aa 2971 =8B wa Wl el VIeE AREste] ddste], 3]l mE H A ¥R o
ATk (FAH o, AGAE aAke] o dA¥e] mxatar, A-A 80TA A7 T 4 HHE FAT)
olojAf, Zpzte] g Akl AFHAGE FAsAY. SAL Aol (25TAM FHH= E7INA) S
o Ag A g

T 32% 9 2 49 AF 2E-3E 5AS JEa; & 332 19 IE-AF &8 5A4S vEha; = o34
o e A-HE 5A4S vEaL B O3e 9] JE-AR SA4S YERlan B o362 19 E-HE ad
E4e e = 372 19 FE-oy g ms 54 dEha = 38 19 Wy AdFERS
LR

W aa 4= A8 = 1000 cd/m Bl A 39 cd/AY AR L, 21%9] 9N kR mE, L 29 In/Ne)

= 0 S
Y mgel Fo) fe SAL wolt Zow vuhdy. wa, Fe 2260 K| AL A, BF A4 B}
T Ra= 93.4%, Fefeh AAAS Hols Ao yewt.

g 2A 4ol A Al AT 4o AL WY F QBRI A2 2
o ©

=
(113G) Akole] A Ajell AR o]#fdh Apdel®= E-etar, #138 24 T (118R)2 F&3] EF= Aest
o FtE, A2FE-S, Al EE S (118B) WA A3 23 5 (18R e 23 2254 345 1
Z3] vehaL, o= o7 oluxe] aaAQl Aol gk WA dojyth= s ofv] it
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[0255]

[0256]

[0257]

[0258]

[0259]

[0260]

[0261]

S=S06 10-2072253

m
B

N RS e, A4 ABolE, 27] X7} 3000 cd/moli AR WEI} A 27 o)
7] =& 100%= ste] -5 Al W& & WstE SASGY. 54 ARE = 390 yEhdT. 2=
ZRY, B @F Fo] AFS =, 5, ¥ AR 4 29 A-A3( all phosphorescent) Zx2}2}= A}
Ao = EFt5kaL, 4404]7t0] AaE ek 7] 3= 65%7F F+AH UP% Aol FRIFAIL, o= & Lo 3
o] AAFEQD g A 47F 9 AXEA S5 TS BEve A 4“]@‘3}.

(Fare] 1)

A7 AAFHeA AMEE f7aE ZHAQ Efa{2-[5-(2-dEHd)-4-(2,6-t & Hd)-41-1,2,4-E 2] o} &~
3-d-gN2]aAld-k Crol gl | (111) (¢Fo): [lr(mpptz—dmp);])e] &4 HWHS Awstt.  [Ir(mpptz—dmp)s] (F
oo FxE 3t7]dl YEAT.

Ir(mpptz-dmp),

<FE 10 3-(2-MEEd)-4-(2,6-tWEdud)-5-8d-4H-1,2,4-E g o}= (2Fo]: Hmpptz-dmp)e] i3>

WA, 12.6 g (43.3 mmol)9] N-[1-F22-1-2-vddd)rdad]-N'-[1-F22-(1-dd) e d ]3] =247,
15.7 g (134.5 mmol)9] 2,6-tjwWdold®, 2 100 ml ¢ N,N-tjWdold &S 500-m] v~ Zef~=0] @i, 120
CTollA 2077 ot 719 2 wukekdch, &A A7 Fote] whg 5 o] Wkg £91S 200 mle] IN FAko] AA

8l F7kskelth. o] &eol tErEvEs Hrlsta, HAHES #7] T2 FESH. dod #71 S& &
2 HEAUER FEdor AFsta, fvtaviger Azl bvtadias TY okl oa) Al
AstaL, ARl ofls FFAA S AAS A, o] AAS At A Y AzviEId e ofs) AA
SHith. 1:5 B9 old opAlHolE Bl Fibe] F3 SvlE A/ SviEA ARESSIY. dojl REE w5

A7 WA wAE G, o nAE g opdElel =R AAAEA, Hipptz-dmpe] WA 1A 4.5 g2 3149
e RESYT. S 1o B4 WSS sl vehig

354 6

CHj
as
w  CC
ICl X
= N-N N.N-fHdoldd

CHs

Hmpptz-dmp
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[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

[0268]

S=50 10-2072253

< 20 EFA{2-[5-(2-WEHd)-4-(2,6-t e H d)-4l1-1,2,4-Eglo}E-3-U- kN2 H| D~k C} o] 2l J (111)
(¢Fo]: Ir(mpptz—dmp)s)>

olo}A, =4 1ol Ao F7k=el 2.5 g (7.4 mmol) <] Hmpptz-dmp, 2 0.7 g
AEYeB)olgdF(IIDS 12 7€ &7l ¥i, E71&5 Fdssict. ks
o 250Cell A 48A1%F F¢t 7td 4 ﬂﬂ&é}
AAetar, Fl ool o3 E&

ZholE(Celite) ] AFEZ O%JJr }
AAGSIAA, AFE F71a55
533tk 4 29 A RSl E shr1el YERIL

E;O

54 7
NN
3 CHj =\
CHjy H3C
Hmpptz-dmp Ir(mpptz-dmp)s
S 20 QolP WA Bure] 8 7] wW (H-NR) EFwe] osh BA AnES srld Jehigich
Az, @4 el o8l §7134 FA Ir(mpptz-dmp)s (ofo])o] dojxl Ao vhedtt.

'HNMR. 5(E-=1-d8): 182 (5, 3H), 1.90 (s, 3H), 2.64 (s, 3H), 6.56-6.62 (m,
3H), 6.67-6.75 (m, 3H), 6.82-6.88 (m, 1H), 691-697 (t, 1H), 7.00-7.12 (m, 2H),
763-7.67(d, 1H).

(Fard 2)

7] AN AHEE {7154 2A (oM EolNEY O E) 0| 2 (6-tert-F-E-4-H I g r| ]| o] E) o] 2| F
(11D (2 B3 v 2[2-(6-tert-5Fe-4-3 v t]d- N3)Hd-x €] (2,4-AET] Qo] E-x 0,0") o] 2] &
(I11)) (<Fol: [Ir(tBuppm)s(acac)])2] st oS AWt  [Ir(tBuppm)s(acac)]e] F+FE s}7]ol YERNSITE.
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[0269]

[0270]

[0271]

[0272]

[0273]

[0274]

S=501 10-2072253

5914 8

Ir(iBuppm),(acac)

< 1 d-tert=FE-6-d I guld (eFof: HtBuppm)o] >

HA, 22,5 g9 4,4-0dE-1-9dHAE-1,3-1]& % 50 g EFolw =g iyte] FAd v Fekadel
i, EFEAA e 315 AaR ARSI o] Wk 8715 Jhdske], whg &olE 5AI%E Eok #FAIZH.
T F, o] 84S FAFUEFS] FEe] Ra, f7] T& HUIFERvECR FE%IT. o /7] T&
= 2 E3} AR AFRsta, bladigor Az dx F 8o oAdsth. o &9 v
THAZIAL, ool dofRl Fites A SvlEA A B old opAEolES 10:1€] F-uH R ARS-Ste] e
7t A Ad AzviEdddd] o gAlste], v A HtBuppm (54 £U4F 24, $& 14%0)S F53)
Ak g 19 @ WHEAE sh]el YERSIT

%4 9
HCONH,

B ———— &
e [ ° HeC ){‘J

0 het N

HaC

* CH, * CH,

HtBuppm

-p-EE2-HA[R]A(6-tert-FE-4-F I g rH o] E) ol 2l F (111 ] (Fo]: [Ir(tBuppm),Cl],) €]

9 g9 HtBuppm, @ 1.04 g¢ <3lo|d)&
A e F7E ol=ow A3t

a5, vpolA=Tt 2AF (2.45 GHz, 100 W& 1A3F &<t F=3ste] wkgS Aoz, &js S/A7IaL, ol
A doldl FRES F-olAetar, dees AFste], 53 ZA] [Ir(tBuppm)Cl], (F=4 &%, & 73%)
& FEaIY. e 29 A A Srlel dEgit
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[0275]

[0276]

[0277]

[0278]

[0279]

S=<3l 10-2072253
34 10
20C HO + 4 e N "
2 \N) 2-o B9 &2/ H,O
H,C
™ CH,
HtBuppm
/
|
\ H,C 2
[r(tBuppm),Cll
<G 3: (oPAIE obAl 1] o] & ) 8] 2= (6-ter t-2-El-4-5] D 3] 2] vl o] ¥ o] ) o] 2] F (111) (eFel:

[Ir(tBuppm)s(acac)]) 9] 34>

F7FE, 40 mLe] 2-dEA &S, F5 2004 AR 1.61 g9 =3 ZA| [Ir(tBuppm)sClly, 0.36 g2 o}A|do}
A=, 2 1.27 g9 RRRIERS SFate]l A v el Ya, TEsad o] FU)E ol2Fo® A
glaloitk. L 3, mlolaEu} ZAF (2.45 GHz, 120 WS 608 Bt F8sle] WS dogrl, &u|E F7{A
713, doizl AFES AdEER FA-oFsti, & 9 ou&Z AFHsgltt. o] 1AE tEE R Fo &
AA7]aL, EFES, AolE (83 Fo ?ﬂ‘j]f'L olrj~Eg =, #uE=(Wako Pure Chemical Industries,
Ltd.) Az, 71921 HE 531-16855), &Fu|vf, P Aelo]EV} o] AR ATy o3 HEAR ofFe}dr).
SulE FHA7IAL, A4 nAE YIE2de 9@ e &3t fulE QAN A, BHES A BUEA
FEIAT (& 68%). o 39 A w2E sh7el YERSIT.

914 11

[tritBuppm),Cll;

Na,CO;
2-N BA TS

Ir({Buppm),{acac)

4 3014 ol A Ruke] & 2y TW (H MR) 23w o A A s7)d ek
2 =4 M| Ir(tBuppm)s(acac)”t ¥z Aoz ESLT).



[0280]

[0281]

S=506 10-2072253

' NMR. 3 (CDCI): 1.50 (s, 18H), 1.79 (s, 6H), 5.26 (5, TH), 6.33 (d, 2H),
6.77(t, 2H), 6.85 (t, 2H), 7.70 (d, 2H), 7.76 (s, 2H), 9.02 (5, 2H).

2o dy

Az Ws

100 A=, 110 A=, 101 A1 A=, 1020 A2 A=, 103: EL &, 111 Ae-F &, 112 B3T-F% =,
113: ¥ &) 118B: A1 ®% =, 113Bd: #11 144 3}gHE, 113Bh: Al &2E AF, 113G: A2 &4 =,

113Gd: A2 9134 33E, 113Gh: A2 T~E A&, 113R: A3 W% =, 113Rd: A3 <1343 338%, 113Rh:
A3 TAE A8, 113ex: AMAT 99, 114 AA-5%5 =, 115 dA-F¢ =, 4000 7|3, 401: Al A,
4020 Bx A= 4030 EL 3, 404: A2 A=, 405: AHA, 406: AHA, 407: A= 7|9, 4120 =, 4200 IC
A, 601 TF EE (A2 el FE FE), 602: FAF, 603 TF FHERX (AOE el FF IR), 604:
29 7], 605: AFHA, 607: 33IF, 608: ¥, 609: FPC (ZHYA|E ZTHE 3F2), 610: A=A 7], 611 =
93 TFT, 612: AHF Aol TFT, 613: Al A=, 614: AL, 616: EL =, 617: A2 A=, 618: 43 A}
623: n-AY TFT, 624: p-Ag TFT, 625: AZA, 901: 3k, 902: AA =, 903: WMe}o]E F3, 904: 3}%-
A, 905: =gkel IC, 906: ©Ab, 951: 7|¥, 952: A=, 953: A F, 954: AW F, 955 EL 5, 956: A
= 1001: )3, 1002: 3FA AAAe 1003: Alo]E AAuk 1006: A)E A=, 1007: AC|E M=+, 1008: A
OJE A=, 10200 A1l FFF AAT, 1021 A2 S+ AA9, 10220 WS, 1024W: g 2xke] A1 A=,
1024R: g Ak A1 A5, 102460 FF A Al WS, 1024 g &axke] Al A=, 10250 A,
1028: F7] =S st 1029: ¥4 Axpe] A2 A=, 1031: A¥ 7], 1032: ATE, 1033: F4H
=

O

ofj

2 g

) o

3 7)A, 1034R: A A ZA Z= ) 1034G: HA ZA = 1034B: F A ZA Z 1035 BA F (A wjEYR),
1036: SHIE Z 1037: A3 Z7F A9k 1040: 34, 1041 % 3|25 1042: FHE 0 1044W: A vk
F 4o, 1044R: A g G, 1044B: HA g of o) 1044G: A wF g, 20010 -, 20020 F€,
3001: =% Ax], 3002: FA AX], 5000: tv]2=ZdHo], 5001: t]A=ZHo], 5002: T]Z~Z#Hol, 5003: TAZd
o], 5004: TlA=ZH o], 5005: TlAZ o], 7101: A, 7103: FAE-, 7105: Z~El=, 7107: FEAF, 7109:
zZ 7], 71100 FREE Z2Z7], 7201 EA, 72020 &-9-F, 7203 FAIF, 7204: 7|HE) 7205: oF H&E X
E. 7206: ¥Q¥ Tlupolx 7210: A2 FAIE-, 7301: sk, 7302: ¢4, 7303: AAK 7304 FAE,
73050 ZEAIE, 73060 AR, 73070 715 wiA AYEF, 7308: LED #x, 7309: FZ 7], 73100 A @A},
7311 AA, 74000 Fo A3b7], 74010 SH9-A, 74020 FAIE-, 7403 22 WE 7404 9% HE LE | 7405:
297 7406: mo]lZZFE | 9033: A4, 9034: ~9X], 9035: AP AYXA, 9036: ~=9A], 9038: X A9
%], 9630: -4, 9631: FEAIH, 9631a: EAIE, 9631b: A, 9632a: E{X|2=¥ g 9632b: H A2
dd, 9633: B A=A, 9634: = Aol 3=, 9635: HIEIE], 9636: DC-DC AWE, 9637: %Z 7], 9638:
AWE, 2 9639: HE.

B FY9e, 2012d 39 140 dE SSH0 EdE d¥ 59 Y ¥ WS 2012-0572410] 712 Aleln,
o] F91o] AFo] Bl Fxw EFHT}.
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EH]
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s
174NN
103+ 113 %////////////////A
he -~
/e
(A) (B)
113Rd ~ 113Gd
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k1

S=S06 10-2072253

3
(A)
30000 3E-29
. 3H3HE(2)
25000 SAE A
T_ 20000 1 2E-29 7,
A € K
® ©° £
# s 15000 -
e ~
® =< 10000 1 1E-29 =<
w w
5000
0 : 0
300 400 500 600 700
33 A [nm]
(B)
1.2 3E-29
1 -
sH2(2) _
= osf e { 26-29 E
i °
— £
"F [}
2T 06 .
n3 =
o 04 1 1E-20 =
= w
"
0.2 3= (1)
F(A)
0 : 0
300 400 500 600 700

33 A [nm]
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k1
)
N

(A)

=% A%
£(A) M'em™

B
=

(B)

A58 PL 3= F(A)
[ a9

k1
g
%))

H5t5t PL 3= F(1)
(9 @91

45000 5 o729
SRE(3)
40000 b, . 1 B2
. E(A)A
35000 16829 &
30000 - 5E_29 TB
25000 =
{ 4E-29
20000 =
15000 | S
10000 1=
000 4 1E-29
. 0
300 400 500 600 700
33 1 [nm]
, 7E-29
18 | 513
FREEQ) 1 6E-29
16 | ;§e<ma4 =
5E-29 &2
4E-29 ¢
3E-29 =
~<
26-29 w
1E-29
0
300 400 500 600 700
3 (hm)
1.6 5E-29
EE(2) € ¢ 5
y FHEQ@: (AT pao ey c()0¢
K 33+ :
; SEE(1): F(A) 4 4E-29
) ¢ BE(2):F(A)
L EE(3) 4 3E-29
FCA)
0.8
Ny 2E-29
0.4
1E-29
0.2
. 0
400 800
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10-2072253

s==4

(A)
605
D
602
(B) 617 605
J/ {
NNNNNYEEN \
609
MWW=l | (W=l [ | (W=l
3 Z e )
608 623 624 BT 613 g gl0 612
% A 601 BC 602

o
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10-2072253

s==4

B
H
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s==4
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s==4
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