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WE  LE[Cu(DIEEM EE RGNS 2 Sl b ER R —E &%
KUE. KXERT % L8N Cu)B A [Cu(NN),J*. [Cu(NN)(PP)|"$1(CuX),L, (4 NN
R R ZEEAR, PP R T —ER, X kT W&, LERE NRPRAHLEZL LS E
BEAAHE, BREGWEHELFHERN X Z, FITEFX Cu)BREWERINL N =

%% (OLED)A4R 3, 1y K A #F 58 %7 9t &

1 5%

1987 4 Tang 2 s T 7o m . TAEHE
& 19 LK 6 B % (organic light emitting diode,
OLED). 1T OLED HAG XL &, . MM
W NP ORI P SRRRAE, DRk d
PRI R EAThE” WoRBIR. Ak, WFTTEs kR
B, OLED M@ M T B A0, & de HL 5 4 ) I
— R EP HAET, AR 20%0 K& H R T
HECR, AR AT R T e AR 1) e e e B R AR AL
W, )z N AT SR G AT A A AR 5% AN

20% 1) FLRERE B BE. A 1T 2 BB Sl D A B B,

ES NI P NN R AP GNPV & R A
TRERE A WEAE R 21 A RS, K,
OLED 1A = 2 ) G R e R, 1k AR AL o
R JHEL P 400 1) R A R T 1)

¥ OLED MR, fHAF—H21 /2L 1998 4F Baldo™
Fe Sy RGO T AR, AT B e A A R R e R R
I\ OLED WikJ6)zE, T ] LAIRN I ) B 0k
BM=EWORSIREE, SRR KN E 7
F(internal quantum efficiency, IQE)H JF RK7E 64k}
) 25% 4w 2N CH LI 100%, T RE T 8850

ES; 4]

4R B A4

R o
ANEA—RE

OLED FHff 5% (1) 37 4 5k

h T #14% w8 OLED, K &8 am,
WA A0, PP HO0s)!M A (Aw)! A LA
Wik o s OFEse. BIERT AL, ETIRERE kiAW
RGBS OLED HAFfHmfketife, A3 LS
W T EHLR L A (LED)Y 2. SR, Ir 71 H ARG
R AR, ds B D, PREIZ) T S A% OLED
FE 327~ 55 BRIk () N T, 0 G I 3 1 R M e 4
JoL W, JFR R BRI AL O M R
OLED & JtAF KL TR A BRTE B 5T #4

5 Ir ie & AR, Co(DEC & 1E e s el, W
T OLED tEHAHE L 100%H 5 K IQE. L4k,
HH T Cu fE FAR LS & BN VIR B K4, IR Cu(D)
i 442 OLED S 3 AR & A RE. SR, KLk
Cu()C &9 W FUAL = BT 80RO, IR K
B, FEPFY RN CuELA PR ECR
3% (photoluminescence quantum yield, PLQY)R1,
S EARRE & 0% OLED. H#LY, & PLQY
(1) Cu(D)FC A YA 4R I H K FF B H T % OLED,
BIH Cu(ACAYAE OLED N E#E . A
SCHEH BT S HRE R L Ca(DIC S PO SUR et g
HEAT VGl ) 3R, IR 45 & ATH S AL A5, &b T
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Cu(DiL & 1F OLED A0 (1 HF 97 31 it

2 AHECEPIRIEBOROE

Cu(DIIRZ AL RNy d'°, X4 d L
A7 L7 FL AT (R HE A TR RR . A T A G AR L g
I BT R, Cu(DEC G918 1) - DY 1 44 (1) 37 4%
PR, Cu(DAC & B A FEE Mk F g5 0, A3 A%
28 Cu(DEC G, FAE 20 fHhad 50 4548, DL D
B 5% Cu(DBEC A P [Cu(NN), T (NN Fom XA i
FeAAR, —Me2 1,10-4289E Bk S JLAT A=) ) e 80Uk
etk U R ST, AR IMIX AL A M PLQY HE
FALISL S T4 Cu(DI S PLQY, AAILE
[Cu(NN), [ I e At b2 At DL e . WU S R
M AR IR [Cu(NN)Y(PP)]* (PP 7 XA - s Tic 44 k95
AN A FI[Cu(PN)(PP)] (PN 7 XU AU A4)
Be&4. 1EhZ A, ik AR5 Y)(CuX),L,
XAREXE CI Brel I, LACES N 5 P AR AL
2E SR 2 AR RIGEE T ROR = SRR s A
Z IR,

2.1 [Cu(NN)I"FI[Cu(NN)(PP)I" /i Y6 B0 %

[Cu(NN),|"FE & )2 fo T X 11 Cu(DEE 54
2, HARACERZE Cu(D-RBAEZIREC S (& 1. i
X — R A [Cu(NN) I BB W45 1 506 Ve &R 48
BF5E, McMillin AfFFEZH I [Cu(NN), ] e £ 4 A
APPSO B RN A B+ & h+2, Ia
Yk i Cu( ) VY TIAAAR Sy Cu(ID) -1~ DY,
o 5 SR A% R (U ) 23 1 BC S P B S 1) T e
A AL S5/ RO S 251, I 3R 48 5 R IT ik
P, FRAREC S SO CRE. A BEA 2 B2 R BAR T 55
(density functional theory)L5 B8] 43 #¥ X Bkt
W% (laser-initiated time-resolved X-ray absorption
spectroscopy) MR B K g, bl Pt B il
BABARAFUE S, AL, 7 [Cu(NN), I L 54 PLQY
(AT AR 2 I 1,10-483E 2k I¥) 2 AT 9 £ 5514
(B 1 9 RBAZFE, PSSR SR, SR,
B 5 [Cu(NN)L I S 1) PLQY MR i 1K, T
FLJR A S A 70 A HE LUK I BT S 1) RO
b, ROt I [Cu(NN), L &9 1 PLQY
WAL 1%.

[Cu(NN)(PP)]'Tic 5402 H] — IS TCAR A R Cu(NN), | *
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W A R AR. E I OLAE  R  IREAA A,
McMillin BF5T4PE 2002 3515 T PLQY 4 16%I¥)
[Cu(NN)(PP)]"Bt &4 [Cu(dpb)(pop)IBF, (¥ 2, 1). %[
GWRICTERER R FEok B AN T I — 2K

(b)

B 1 [Cu(NN)J"BlA P AU TH AR ) 5 Ok A& CP T2
JE (b)) )44 114

Cu(Me-PN)(PPh3); (3)

Cu(pop)(pz2BHy) (4)

0
SR

Cu(pop)(pz4B) (5)

an
N-N

. ,N~NT o

Cu(pop)(pzzBPh2) (6)

B2 [Cu(NN)(PP)I"JRELA ) 1~6 (145K 5
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2.9-f7 HLAT A7 PHFE I NN e fk; R E AT —
Vi B A4, b A R C O 1% 51N R LA Ak b B A
Cu(DIC B YR E WA, BARIERE T KITE. — 2
HATR T8N PP ARSI, 955 T Cu(l)li] NN
BCAR S WL T RE 77, SR &4 4 B0 A4 W for 3 B
#KiE (metal to ligand charge transfer, MLCT) Y61 ¥ 55,
LA T [Cu(NN)L I BE & 4, [Cu(NN)(PP)]" AN 5 &
Az A4 S BRAT

BfiJ5, [Cu(NN)(PP)]*IC &9 8 BAT i 1 PLQY
M 25T, [FEBAEEE T & 8% [Cu(PN)(PP)]AC
E IR JE. 2005 4, Peters BF 77 2H 2 LRI . K A4
(1 E U MR, & T R PLQY ik 65%
i Cu(DAC 54 Cup(PNP), (1 2, 2). {EREEEG L, b
TR EUBS A PN R AUBSICAA PP &) T — 241
[Cu(PN)(PP)]HC &4, o 46 i A5 4 38 3k LA 468 s 11
RCRE W T PLQY A 16%~70%), [ it 5 K 5 5t
K A B T A 45 R 1R AN T) i AR A0 (e oK R S K
500~550 nm), LAY Cu(Me-PN)(PPhsy), (€2, 3)
EARA WP e KRS KA 498 nm, HA &M
PLQY, 4 70%.

2011 4, Yersin A 5741l BE AN ] NN fic fA g5
F, RGFFT T [Cu(NN)(PP)IC A4 45 K 5 e 24 R 1)
KA, FINFE]T PLQY miik 90%I1 )t Cu(AL &4
AT E B =AEEY) Culpop)(pzoBH,) (H 2, 4).
Cu(pop)(pzsB) (I 2, 5)F1 Cu(pop)(pz:BPhy) (K 2, 6)7£
AN T s R R & PLQY W3R 1. &)
4 1ER AR PMMA (SR FHRE DA A 198 Y s ) 9 JBE Fn — SeU R
JEV s TP IR B R R K 430 R 4361 462 F 535 nm,
XA OGS ISR &Y PLQY 1)
BB, AU S AR R IAERC &4 5 F 6
W BRI TS Y MLCT 30k 255 TR L
SRR AERIMEROR B T, ok R B

1 [CuNN)(PP)IERL ) Cu(pop)(pz.BH,)(4), Cu(pop) (pz4B)
(5)H1 Cu(pop)(pz,BPhy)(6)FEAN A A1 5t ) B PE

4 5 6

R 2 PLQY? A PLQY " 4w ® PLQY P
(m) (%) (m) (%) (m) (%)

Powder 436 45 447 90 464 90
PMMA 462 35 457 30 466 41
CHCl, 535 9 500 2 498 8

) Amax NIRRT KGR ZE = £2 nm); b) PLQY N9t E T
FERHIDS B 5%)

ST AR 2 13 2R 5 AW, A B A AR 6 S KT
Bip A W e A T AR 3 W] LA ok 5 2 TR A F 72 T A3 B K
SCBL. BN, WA 4 fERR . PMMA AT 5
BB P 0 A S K R B R REBE I 20388, T4
HATBRABINN BEAMBC S Y S 6 1, 2L R
JEWTRBRARGR 1), HR 2R N, KA
SRS 2 (A AL B AT 0, IFASRE 58 Tl BR O TR
k.

22 (CuX),L, FEER

(CuX),L, FC& MW S B 2 100 4F
AT, SR G BOUR e R 51 AT e A
1973 4F Hardt 5215 L (1) TAE, AR, (Cul),(py).
(py AR FRNEEmE ) [ 25 FF i 119 R 555 ) i B vk S 1 A2 4k
T H 0 S () e, IR X — AT o O B
0,

Kl 3 ok (CuX),L, FCEH) 0 —Fp WL &5 7R
2. Y Cu XL BEEREEN 1:1:1 B, & WK 454
FENL TR I 3(a), CusXyly): 4975 DY T A 4L
(1) 4 A Cu JF40 T 4 A X507 R4 B 58K 1 DY T
e, AN Cu A PUANECAT A1, A5 =AY X i
TR AEAR L, Cu JE 72 18— B 5 R 1 2
(< 2.8 A), fELEM AR JLOOE BB B 1 o R
BEIR 5K (8] 3(b), (CuXL).): Cu Jit 7 [F) R &b T DY i 44
FCA PR EE, ALHE =AY X R TR —ANACAR L, AN 1) 2
XA EE R I R C PR BEIR, RIS Cu J 2 R B s —
KT 2.8 A, NAFAEMEAER. 24 CuX:L fIEEKLE
L2 B, S LGSR Cuy Xy BB TR, Cu
Tl 4% 1 A A LA, AR BC AR LT 7 9 (B 3(c), CuaXoLy).
— i, FEV T (CuX), L, T AARE Y, &b
FAAE — 52 464 R n] DUAH B 36 e, B B RO IE 45 4 g 722
t A 2 MRS Jy 2745, Ford W8 20 T 97 45 B 4
B, & B(CuX),L, FCA AT H [ A4 1 45 f) 32 B
YT SN I TR b 2 T L

(CuX),L, FL&mdimaes £&, Wbk

I—C L L
I_\LCU/: I/| L/\ Cl-----> | I-\Cu/l\Cu/
"I',‘,.CU"'/"' i Cu/‘ LYoy
I"—C|u 2 ‘ s
Ca
|

(©) (b) ©

B3 (CuX),L, LAY Was ks K
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PR e k. EER A (CuX), L, FL & A
AL AR A 22 L T S5 R AT G, [N IG5 T BERE &
WA B 5 o0, ilhn, Cul 5 [ —R ARt i JE il —
M WA A Y Cusli(py)ss [Cul(py)]e 1 Cuslo(py)s. 7E
F N SO AT IR, R A8 R 23l
FE6(580 nm). ¥ J6(437 nm) FIZEE(517 nm)*Y. %
T, R ORIAT E N =M a5 R R
(CuX),,L, B & BUR G .

CusXyLy (L AMEBERT VISP — AT A K
SHatr, 43t = A8 i (high energy, HE)FIKBE & (low
energy, LE), X AN A5 (1A %o 58 8 < b il 82 1) A%
A SRS i, Cugly(py)s 7621294 K)I 3%
KRS WA 580 nm, LE (6% M AEARAL(77 K)In
CusLu(py)s M5 KA Kl 438 nm, LL HE K414
F. FHEARHME, £ Culy IEDH, ACA]EAF]
PG A 3% HE A5 T8, [FREAR m] LA HI T A4
(1 PRI 1 A 2 B 3 I b LA ARSI ) HE 2 S0,

MR A T S DL SR Bk, AR AR A
T HE A5 RUE T 50 2 B HC AR 1 A e A% BR AT
(halide to ligand charge transfer, XLCT)&% MLCT; Tfi
FEER T LA LE A5, A& b o 38 21 <6 1 A
% KT (halide to metal charge transfer, XMCT) LA
% B % O 1) HL far 4% B8 R IT (cluster centered charge
transfer, CC)51i. HifEH= 1 XLCT/MLCT K4t 215
TSR IR L AU nhiE, i CC WA £
BT R 2 T R, 2 Cu-Cu [A]EE/N T Cu
JRFHUEA EAEH AR 2.8 A B, A BEAVF CC BRIE
(FIAEAER,

HRZH Cu(BCEDAEL, WO W KN
W (CuX)yly WEEWRIGIE R EERNRZ —. U
Cuyly(py)s H B, ZHC PN 35 A2 BOW WOIR A8 I
CC Rhtoer=EW] B 12142 (580 nm £ 694 nm), [7] I
FEBE PLQY H R BE. AL p vk NS G 45 SR AR W,
Cugly(py)s 1 CC R AAN THAF XLCT/MLCT
BWORSFRKMIEAL. 51X M A 1) i K a] LA
450 CCWURAS I LA R v 4 7% T 75 (1) 35K 1)
1REPY.

(CuXL) o i & W0 A G E JFURE O B L. AETC &4
(CuXL)o ', 1T Cu-Cu i BE—M AT 2.8 A, Hitk
(CuXL)o AL &M A6 F 2Kk H T XLCT/MLCT 2k
i, WA CC BRIE. R AEA LE(CuXL) AL &4 o
22 BB Cu-Cu FHES(2.65~2.8 AP, fHEHIFA
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YLHIAETE Cu-Cu ##, PRIb(Cull)e Ml &4 £ 2 DL
H ¥ XLCT/MLCT KTk .

CuyXoLy FiL &) RGBT 259 S XLCT/MLCT
BRIT, SCHR H O X LU0 5 ) I ATE 9T B A b i i i
A A (1) W 7 &5 R SR 3 IS S T RO 5 2R
2005 4F, Sasaki WF 58412 WF 98 1 B AT A [A] HEL 1 45 R 1
HZBCAAR XS CunXoLy BC G40 R OGTE REI 52, 5 &3 1
PG CunXoLy HCBLIAME, ABATTHIH] = 25 B (PPhs)
VERHEBIICAR, ST — RIAA CupXy(PPhs),L, 45
MIKIBC S (2 Br IRCE ) MLk WK 4,
XN B WA U AR 1R e R R SR A ) T
595 nm; 8: 707 nm; 9: 579 nm; 10: 616 nm; 11: 633 nm;
12: 644 nm; 13: 450 nm; 14: 579 nm; 15: 689 nm). %5
RALW], X LE G WA T A AT A B AT SRR B O
XLCT/MLCT K4, A BAI 450 nm(BCAAR S5 Ky
LA3 X ML 13)F] 707 nm(FL AR 45 40 L8 X
WELEY) 8), WA HEAN AT LK. BBk, BLG9) R 5
WA P M C A4 () 388 TR LA B AT 0 N R &R, 1
AT DI e R T A 1 PR 5 R R P T S R R
T,

2012 4, Brase HFFUAHIFH] PN XA C A4 55 1
TR CuXoLs BL VISP KBRS I 5,
IXLEPE S AR H IR AR B KR SR K A PLQY MH
S A4 16: 537 nm (81%); 17: 481 nm (48%); 18: 553
nm (59%); 19: 605 nm (6%); 20: 572 nm (33%); 21: 657
nm (16%); 22: 713 nm (3%); 23: 558 nm (70%); 24: 546
nm (94%); 25: 523 nm (70%); 26: 546 nm (51%); 27:
509 nm (74%); 28: 497 nm (96%); 29: 522 nm (96%);
30: 507 nm (96%); 31: 545 nm (60%)). Wit L4 & B0,
CuyXoLs BC &4 ) A6 U, [ vT LU I AR il Ak L
M TR, SEBUNTE B RIZ0 6 (N 481 nm F 713 nm)

N
I N

L /Br\ '_‘,_PPh3 _ Ny N I\ Ny

/CU~\ /CU\\ [ /] | /) P P

PhsP “Br L D N N N
~
N
). L7 L8 L9

Cu,Bry(PPhy)L, L10

2
H
2
H

[aaaYay

N o) o
seloelsIoncsisas
N A~ N/ N/ N/ N~

L11 L12 L13 L14 L15

B 4 CuBry(PPhy),L, K5 7T-15(Fe 5% 7 $5
Cu,Br,(PPh;),L, 1 L B 4A 2 L7, F[RD) A ILEL AR i 45+ =X,
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NMe2

X
N Pz N | _
PPh, N~ ~PPh,

PR _PPh, PPh F

.*‘ .,
~"A | ;"

N PPh2

g CO
R PPh,

CupXols

OO, 1%@ o L e

PPh,
L21 L22 L24

ﬁﬁl??ﬁ

N“>PPh, N7 PP _
PPh2 PPh2

F’F’h2 N
L31

PPh,
Bl 5 CulL; Kl &Y 16~31(L &4 16 15 CuLL; AL
Jy L6, R IRD A H A A 45 R X

PPh,

RS, Hrhm A 28, 29 F1 30(Fid A L28 % v (1)
CwLL; At &40 28, 1 [A) 1 PLQY #3511k 96%. DFT
TR, XS B S ?iﬂaﬁ(hlghest
occupied molecular orbital, HOMO) &= 243 41 T Cu,Xs,
1M B AR 735 4> 7 #LiE (lowest unoccupied molecular
orbital, LUMO) MR A% PN BicfA b, %1k, Fofk
PN (&M = E R LA 911 LUMO, 1 HOMO ) JL
PARFEAE. PRIE, MRECHR L BRI A A 45 F 10
I, A RS P EER . B, BEEY 17 (A =
481 nm). 25(Amax = 523 nm). 27(Lpax = 509 nm).
28(Amax = 497 nm)s 29(Amax = 522 nm)Fl 30(Amax =
507 nm)*ﬁﬂﬁ:ﬁiﬁﬂ/*\% 16(Amax = 537 nm)f¥) A& 5t
HeGHE W, JUIL RS T AR I A
A, A 17 H’JEET;‘@%K%%X(% nm). A
S, AR AT B L RN sl R A e
ok RISy, w] DL 5O 2 R A R S K I AR
B, oA 18(Amax = 553 nm)s 21(Apmax = 657 nm)F
23(Amax = 558 nm) AN T BEARTC 5 4 16(Anax = 537 nm)
A RIS B ING.

3 AP R BOR

FLAE 1999 4F, Byt it Cu(DC &R b &
JeRPENEI% OLED. HURZSIFIITERERZE, #iltn, H)F
SEFIRRIA 12V, ZERIE %N 20 mA/cm? IS EEAYL
N 50 cd/m?, AhEET ALK (external quantum efficiency,
EQE)IK T 0.1%4%, (HEXMI T4 T Rt Cu(D)
BCAPI/E OLED T H]. 283+ JLAE ST R
J&, WA Cu(iL &6 OLED [FPEREAT T 1 B4k
e TR 4 LUR A RIS AL RN TB] A, %o a1
JUAE Cu(BC &P F BRI A T 1) 24/ 4.

3.1 [Cu(NN)I"FI[Cu(NN)(PP)I" iy LB K

LR, RAME T PLQY A&l &P geik
5% OLED {0 B 41F. [Cu(NN), 'L & 41 PLQY %
WA, KFUILIX KA G4 OLED Hr it I IF 3
Z RS0, P EA R PLQY [H[Cu(NN)(PP)' L &
YA, Cu(D)BC & P45 56 OLED o (1) )3 i A 12
B EAL.

2004 4, LARBIFRAPITIERT — R4
[Cu(NN)(PP)|BF, it & 4)( 6, 32~37). 4 IXLEhic 5415
A7E PMMA (20 wt%)', RINBC A7 [ A s b i)

BF,

[Cu(phen)(PPhs)JBF, R=H  (32)
[Cu(dmp)(PPhy),JBF 4, R = CHy (33)
[Cu(dnbp)(PPh3),]BF 4, R = n-Bu (34)

BF,

[C;(phen)(DPEphos)]BFﬁ,, R=H (35)
[Cu(dmp)(DPEphos)]BF4, R = CH; (36)
[Cu(dnbp)(DPEphos)]BF4, R = n-Bu (37)

B 6 [Cu(NN)(PP)] BF, KL &4 32~37 45 #93K
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PLQY % T H AR M P (1) PLQY™! %% X &y F4¢
[ A5 B, AAFAEEFE T RS S A W R KT
FEUS 57538 @ hR R B, AW 37 (RIS )
W HA 5 1 PLQY (69%), 35 KRS 519 nm.
IS 37 UL IR IE 23 wtB 2k T PVK(R 0%
)il % OLED, #ffAitaxot, o kselEh 1484
cd/m?, FE AR N 11.0 cd/A, 1B 20 5 4D
ik 13 V.

2006 4F, ZESCERFITALR OV R HI T B LL
[Cu(DPEphos)(DPPZ)|BF, (&7, 38). [Cu(DPEphos)
(Dicnq)IBF, (¥ 7, 39) 4 & 64 kH OLED. I DA
&1 38 KRB OLED & & RIEHEE T CuD)
RGP RGO CaE, SR KRS 621 nm,
JASEHE S 11V, 7621 V INGE B i KA 582 cd/m’.
ERLAEY 39 MIgsfEllat fE R R, A5
TR TE N 2%3Z WAL B 25%IF, #4416 A S KAl
N 558 nm 2045 5 615 nm, SZHL T ¥ 4E% OLED
PR 2% OLED [, SR, RS R CHE I
AR, AR RCR A B 0 S B R R Y
BE A B IR LN 6%, feh FLAT B o i Rk
11.3 cd/A, BRFERE N 2132 cd/m?, s G 4 V.

O

N..

.Cu_ BF,
N IS

xe

[Cu(DPEphos) (DPPZ)|BF, (38)

o

P

N “ae ,’/
‘,:CU: BF4
N~

o
o

[Cu(DPEphos) (Dicnq)]BF 4 (39)

B 7  [Cu(DPEphos)(DPPZ)IBF, (38) 1 [Cu(DPEphos)
(Dicnq)|BE, (3914592,

432

2010 4F, Peters WIS & T Cu(IE &)
[Cu(PNP-rBu)], (K 8, 40). iXFPLLWIPE. KARFIR %
M ERAR L &2, R PLQY O ik
57%, 552 AiARIE I 2RAUEL A Y [Cu(PNP)], (K 2, 2,
PLQY N 68%) XM, WF5tRM, Bl kK
HEEASMZES, FRUREERENE, MK
WA =EAROG, BT E AR ROGHEL. K
BC &9 40 LIS R )7 A% OLED, 1)
I EQE A3 16.1%, HURACE N 47.5 cd/A, &Y
i Cu(DIC &%) OLED HIH ) 5 i 0. S fF 1 sk
RETCRAMW M —&/EN E BAEIR 5% 6h kL,
Bic 4 40 (40) AN XA S BR T B 5 A5 R, 38 78 43 A
TEEEH TR E, BAHBEK 100% 1N =T
Mok, EWM T M R E A, TR A
PRI 7 Uk % OLED, F T gefFgstflith, 2
IS E S

2011 4E, ERIFERFITA 5 ks v Cu(Diic &
¥ Cu(gbm)(DPEphos) (K 9, 41) LA K 55 HAF XS W ) 2
TP A [Cu(Hgbm)(DPEphos)|BF, (9, 42)4F 4
RACHEL, HIBEER I 772814 OLED. 45 H3&M, L
HHVERC A 41 D ROERP RN OLED S K ARSI h
555 nm, HLZCE A 8.87 cd/A; LIS TR &) 42
R EHE OLED $5 K R K8 562 nm, HLI
AN 558 cd/A. BLEHBAR P Cu()EC & 4 il 45 1)
OLED HA W I8 & S e v R (R 2 R 200K . it
R AT AR A Cu(EC & NN Ak )5 &
PR3 I LA KB 52 F T RE D I R B PR e I 4R
e U R Cu(DEC A 38 E A 1 b % OLED 1k
JEAEL.

3.2 (CuX),L, FHECRE
M(CuX), L, [ BOR e £ 38 7 73 7T LU

Cu(PNP-tBu), (40)

& 8 [Cu(PNP-rBu)], (40)HI&5#
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(CuX),L, BL& Y B AR e e . fln, @
S P 7 P A 1D F T 5 R T DA C A 4 D R ' P i
AT L, R R AT BASRAF BT 100%11) PLQY,
#& OLED [# AR B kL. SR, (CuX),L, L7
% OLED M # AT 2, A6 K2 50 & ) #
Fam e . WERRPEANIAE, DRt DAFH A% 40 1 2025 44
AL YR 7 745 OLED. B AR %L T (CuX), L, FiL &
Yk Jt OLED #UBIFAZ, (HiEiZRVIM kS R
H LS IR R

2007 4, Tsuboyama %5 T — R A HAZ AL
#(CuX),.L, Fe&9, U A Em PLQY (80%)
I RUAZ BC & 2 Cunla(dppb), (] 10, 43) 24 K 6AE L
#% OLED. #fF&m KRB KA 562 nm, LR
1700 cd/m?, HRZE R 104 cd/A, EQE 4 4.8%. i,
Adachi #7841 EFRER TG &4 43 18 9 ek k], (1
Je P = H A REYE 1) E AR B AR AR
W BRI RNE, SRR EKERS
517 nm, PERERAR BT K0S B e & RSN
14400 cd/m?, HLFRCHESE 30.6 cd/A, EQE 4 9.0%.

2011 4F, Osawa fF 5% 21" K 2 44 (depb)CuBr (&
10, 4)1F A KR IeAHEMRI 4 OLED, #$4 & 54 H 517 nm
2ot HBKHRACEN EQE 73 lis %] 65.3 cd/A

%@@ %G a2l

Cu(gbm)(DPEphos) (41) [Cu(Hgbm)(DPEphos)|BF, (42)

B 9 Cu(gbm)(DPEphos)(41)F![Cu(Hgbm)(DPEphos)|BF,(42)

Q0,09 X

QI woNgE
! 7@ @ O @oé

Cusly(dppb), (dtpb)CuBr (44)

B 10 Cu,l,(dppb), (43)F1(dtpb)CuBr (44)) 45 Fy =X,

F121.3%, Brel s 2.7V, SR CLBIT Ir
Bl &4 OLED Mg, Wi Cu(DALAYI{E OLED 41
S SLT AR FH T 7R R .

B3R 2 B(CuX),L, &Y BA 07680k
M R AR XE DA o A% 42 14 75 7246l % OLED H’Jx’é%ﬁ
KI5 A O T A U S N i A L
RN LA AT CuX %DE}EE@EWXEE%HHE’J
L, ¥ =3 3R (CuX),.L, i &WHB2+ T L K
SR, JEM I F 4 OLED. PABCAA L = mCPy Ay,
L2 AR ) RO I S ) B A [Cul(mCPy), ], 4544
(Bl 11, 45), &I R BEKAL T 530 nm 2806, il
2 [ B — 22 OLED [ K HLLA# A EQE 43 ik
F) 13.8 cd/A F1 4.4%.

Bl 11 [Cul(mCPy),], (45)[\ 455X

SLZR R S5 N 4 A A FAEE i 1 22 1) (CuX), L, AL
A WI(E OLED (¥ B 4 T —Fp A 0 i, A
AR K b3 & T R R B3 B, i LS 3 R T
Be A S AR IR A, H R, FRATTH A I AE I
NI FEZE A, AL 38 W o] 30 i A0 o 4 A2 o 4 26 el
B W00 SRR DA K N s ) 7 2F HUER Qe 3 i 24
AR AR EARMA R 22 H T S50, IS A RO
. WORUL AR TERESE. VP RLE R, Lk
FORHI4% (1148456 OLED 1F 100 cd/m? (1558 N LR AL
KA EQE nJ LL2y it 45 cd/A 1 15%, 5 Ir(IIDEC
%) OLED PEfEAT™Y, Eos L R IG5t

4 tu\ “H *ﬂ%iﬁ

2Rl JUERIAE, Cu(RCE P RICER A
BFIOCTERAR R T BF R A JEBUROEMDT 1%

433



HNEREE: IEHIE SR EURO S BRI

PLQY femBHa 100%; HEUR G H KT EQE
KT 0.1%5E =2 21.3%, FEEH R AE. 2R, Cul)
BC& 97 OLED Ak ¥y i H IS A AR AR 22 1) il 1 4,
HRTHRE I K 2 Hm 28R Cu(DECAY) OLED %%
SR, W IF R SACR A s Cu(DBELH
OLED MR, XA 5 ZER L6 T BT R
B RCRCR . AR EEE CuEEAY), 7 2R
MBS EL R AR B 5 1), R, =% Cu()
e &Y RiEZ e Cu(BC &4 OLED %, 4RI 2

KZH Cu(FL 576 H % OLED I nf jin T VR4 22, #E
DL AR G 1) 218 AR 78 B iR 777204 OLED, Qi
RIEFREAR, i CoBL S IERE L, ZERAN
W9 Cu(DEC 45K 5 OLED PEREC R I CHE,
J&, Cu(DECA) OLED [fse A Rt Do, B
IRV IR ST 45 L] Cu(DECAY) OLED EALL I
Bt A4 OLED S 47 HIAesE MY, (HIE VRN, WA
W LA Cu(DEC A4 OLED 2 RefE Y
SR A3, FH () i 4.

ot

EE PN

RIAER 2| B K& SORFF5R K& X1(863 11K, 2011AA03A407) %0 [E K B S5+ £ 420971006, 90922004,
212010118y SHF, 45 36— Bt

Tang CW, Vanslyke SA. Organic electroluminescent diodes. Appl Phys Lett, 1987, 51: 913-915
Reineke S, Lindner F, Schwartz G, Seidler N, Walzer K, Lussem B, Leo K. White organic light-emitting diodes with fluorescent tube
efficiency. Nature, 2009, 459: 234-238

3 Kido J, Hongawa K, Okuyama K, Nagai K. White light-emitting organic electroluminescent devices using the poly(H-vinylcarbazole)
emitter layer doped with three fluorescent dyes. Appl Phys Lett, 1994, 64: 815-817
4 Andrade BW, Esler J, Lin C, Adamovich V, Xia S, Weaver MS, Kwong R, Brown JJ. Realizing white phosphorescent 100l m/W OLED
efficiency. Proc Spie, 2008, 7051: 70510Q
5 Baldo MA, O'Brien DF, You Y, Shoustikov A, Sibley S, Thompson ME, Forrest SR. Highly efficient phosphorescent emission from organic
electroluminescent devices. Nature, 1998, 395: 151-154
6 Ma YG, Zhang HY, Shen JC, Che CM. Electroluminescence from triplet metal-ligand charge-transfer excited state of transition metal
complexes. Synthetic Met, 1998, 94: 245-248
7 Evans RC, Douglas P, Winscom CJ. Coordination complexes exhibiting room-temperature phosphorescence: Evaluation of their suitability
as triplet emitters in organic light emitting diodes. Coord Chem Rev, 2006, 250: 2093-2126
8 Xiao L, Chen Z, Qu B, Luo J, Kong S, Gong Q, Kido J. Recent progresses on materials for electrophosphorescent organic light-emitting
devices. Adv Mater, 2011, 23: 926-952
9 D'Andrade BW, Brooks J, Adamovich V, Thompson ME, Forrest SR. White light emission using triplet excimers in electrophosphorescent
organic light-emitting devices. Adv Mater, 2002, 14: 1032-1036
10 Tung YL, Wu PC, Liu CS, Chi Y, Yu JK, Hu YH, Chou PT, Peng SM, Lee GH, Tao Y, Carty AJ, Shu CF, Wu FI. Highly efficient red
phosphorescent osmium(Il) complexes for OLED applications. Organometallics, 2004, 23: 3745-3748
11 Tang MC, Tsang DPK, Chan MMY, Wong KMC, Yam VWW. Dendritic luminescent gold(IIl) complexes for highly efficient
solution-processable organic light-emitting devices. Angew Chem Int Ed, 2013, 52: 446—449
12 Helander MG, Wang ZB, Qiu J, Greiner MT, Puzzo DP, Liu ZW, Lu ZH. Chlorinated indium tin oxide electrodes with high work function
for organic device compatibility. Science, 2011, 332: 944-947
13 McMillin DR, McNett KM. Photoprocesses of copper complexes that bind to DNA. Chem Rev, 1998, 98: 1201-1219
14 Horvath O. Photochemistry of copper(I) complexes. Coord Chem Rev, 1994, 135: 303-324
15 Kutal C. Spectroscopic and photochemical properties of d'° metal complexes. Coord Chem Rev, 1990, 99: 213-252
16 Vogler C, Hausen HD, Kaim W, Kohlmann S, Kramer HEA, Rieker J. Copper(I)-assisted formation of an “organic” sandwich structure:
Structural prerequisites for luminescence of the dinuclear complexes [(u-bipyrimidine){Cu(PR3),},1X, Angew Chem Int Ed, 1989, 28:
1659-1660
17 Sakaki S, Koga G, Ohkubo K. Successful photocatalytic reduction of methylviologen (MV*") with [Cu(NN)(PPh;),]* (NN =

434

2,9-dimethyl-1,10-phenanthroline or 4,4',6,6"-tetramethyl-2,2'-bipyridine) upon near-UV-light irradiation and a novel solvent effect on its
catalytic activity. Inorg Chem, 1986, 25: 2330-2333



RE R b2 2013 4F 43 4

18

19

20

21

22
23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39
40

41

42

43

Kern JM, Sauvage JP. Photoassisted C—C coupling via electron transfer to benzylic halides by a bis(di-imine) copper(I) complex. J Chem
Soc: Chem Commun, 1987, 8: 546-548

Everly RM, McMillin DR. Concentration-dependent lifetimes of Cu(Nn)** systems-exciplex quenching from the ion-pair state. Photochem
Photobiol, 1989, 50: 711-716

Chen LX. Probing transient molecular structures in photochemical processes using laser-initiated time-resolved X-ray absorption
spectroscopy. Annu Rev Phys Chem, 2005, 56: 221-254

Cuttell DG, Kuang SM, Fanwick PE, McMillin DR, Walton RA. Simple Cu(I) complexes with unprecedented excited-state lifetimes. J Am
Chem Soc, 2002, 124: 6-7

Harkins SB, Peters JC. Highly emissive Cu,N, diamond core complex supported by a [PNP] ligand. J Am Chem Soc, 2005, 127: 2030-2031
Miller AJM, Dempsey JL, Peters JC. Long-lived and efficient emission from mononuclear amidophosphine complexes of copper. Inorg
Chem, 2007, 46: 72447246

Czerwieniec R, Yu J, Yersin H. Blue-light emission of Cu(I) complexes and singlet harvesting. Inorg Chem, 2011, 50: 8293-8301

Lloyd SJ. Some cuprous ammonia halides. J Phys Chem, 1908, 12: 398—403

Hardt HD, Pierre A. Fluorescence thermochromism of pyridine copper iodides and copper iodide. Z Anorg Allg Chem, 1973, 402: 107-112
Ford PC, Cariati E, Bourassa J. Photoluminescence properties of multinuclear copper(I) compounds. Chem Rev, 1999, 99: 3625-3647

Kyle KR, Ryu CK, Dibenedetto JA, Ford PC. Photophysical studies in solution of the tetranuclear copper(I) clusters CusI4L, (L = pyridine
or substituted pyridine). J Am Chem Soc, 1991, 11: 2954-2965

Liu ZW, Djurovich PI, Whited MT, Thompson ME. Cu,l, clusters supported by PAN-type ligands: New structures with tunable emission
colors. Inorg Chem, 2012, 51: 230-236

Rath NP, Holt EM, Tanimura K. Fluorescent copper(I) complexes: Correlation of structural and emission characteristics of [Cul(quin),]»
and Cuyly(quin), (quin = quinoline). J Chem Soc: Dalton Trans, 1986, 11: 2303-2310

Vitale M, Ford PC. Luminescent mixed ligand copper(I) clusters (Cul),(L),, (L = pyridine, piperidine): Thermodynamic control of molecular
and supramolecular species. Coord Chem Rev, 2001, 219: 3-16

Araki H, Tsuge K, Sasaki Y, Ishizaka S, Kitamura N. Luminescence ranging from red to blue: A series of copper(I)-halide complexes
having rhombic {Cu,(p-X),} (X = Br and I) units with N-heteroaromatic ligands. Inorg Chem, 2005, 44: 9667-9675

Zink DM, Bichle M, Baumann T, Nieger M, Kihn M, Wang, C, Klopper W, Monkowius U, Hofbeck Y, Yersin H, Brase S. Synthesis,
structure, and characterization of dinuclear copper(I) halide complexes with PAN ligands featuring exciting photoluminescence properties.
Inorg Chem, 2012, DOI: 10.1021/ic300979¢

Ma YG, Che CM, Chao HY, Zhou XM, Chan WH, Shen JC. High luminescence gold(I) and copper(I) complexes with a triplet excited state
for use in light-emitting diodes. Adv Mater, 1999, 11: 852-857

Zhang QS, Zhou QG, Cheng YX, Wang LX, Ma DG, Jing XB, Wang FS. Highly efficient green phosphorescent organic light-emitting
diodes based on Cul complexes. Adv Mater, 2004, 16: 432-436

Kuang SM, Cuttell DG, McMillin DR, Fanwick PE, Walton RA. Synthesis and structural characterization of Cu(I) and Ni(II) complexes
that contain the bis[2-(diphenylphosphino)phenyljether ligand: Novel emission properties for the Cu(l) species. Inorg Chem, 2002, 41:
3313-3322

Scaltrito DV, Thompson DW, O’Callaghan JA, Meyer GJ. MLCT excited states of cuprous bis-phenanthroline coordination compounds.
Coord Chem Rev, 2000, 208: 243-266

Armaroli N. Photoactive mono- and polynuclear Cu(I)-phenanthrolines. A viable alternative to Ru(II)-polypyridines. Chem Soc Rev, 2001,
30: 113-124

IR, HRrA, ESCE, VI, BRITE. RO B OB A ADE OLED. Wi Y R, 2006, 21: 185-187

Che GB, Su ZS, Li WL, Chu B, Li MT, Hu ZZ, Zhang ZQ. Highly efficient and color-tuning electrophosphorescent devices based on Cul
complex. Appl Phys Lett, 2006, 89: 103511

Deaton JC, Switalski SC, Kondakov DY, Young RH, Pawlik, TD, Giesen DJ, Harkins SB, Miller AJM, Mickenberg SF, Peters JC. E-type
delayed fluorescence of a phosphine-supported Cu,(u-NAr,), diamond core: Harvesting singlet and triplet excitons in OLEDs. J Am Chem
Soc, 2010, 132: 9500-9508

Min JH, Zhang QS, Sun W, Cheng YX, Wang LX. Neutral copper(I) phosphorescent complexes from their ionic counterparts with 2-(2'-
quinolyl)benzimidazole and phosphine mixed ligands. Dalton Transactions, 2011, 40: 686-693

Tsuboyama A, Kuge K, Furugori M, Okada S, Hoshino M, Ueno K. Photophysical properties of highly luminescent copper(I) halide
complexes chelated with 1,2-bis(diphenylphosphino)benzene. Inorg Chem, 2007, 46: 1992-2001

435



HNEREE: IEHIE SR EURO S BRI

44 Zhang QS, Komino T, Huang SP, Matsunami S, Goushi K, Adachi C. Triplet exciton confinement in green organic light-emitting diodes
containing luminescent charge-transfer Cu(I) complexes. Adv Funct Mater, 2012, 22: 2327-2336

45 Hashimoto M, Igawa S, Yashima M, Kawata I, Hoshino M, Osawa M. Highly efficient green organic light-emitting diodes containing
luminescent three-coordinate copper(I) complexes. J Am Chem Soc, 2011, 133: 10348-10351

46 Liu ZW, Qayyum MF, Wu C, Whited MT, Djurovich PI, Hodgson KO, Hedman B, Solomon EI, Thompson ME. A codeposition route to
Cul-pyridine coordination complexes for organic light-emitting diodes. J Am Chem Soc, 2011, 133: 3700-3703

Review on photoluminescence and electroluminescence study of
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Abstract: Copper(I) complexes have attracted considerable interest because of their rich photophysical properties and
potential applications as inexpensive, abundant materials in organic light-emitting diode (OLED). Herein we review
photoluminescence and electroluminescence study on several common copper(I) complexes [Cu(NN),]",
[Cu(NN)(PP)]" and (CuX),L, (where NN indicates a chelating bisimine ligand, typically a substituted 1,10-
phenanthroline; PP denotes a bisphosphine ligand; X means halide, such as I, Br, Cl and L equals a ligand that contains
N or P coordination site). The relationship between structure and photoluminescence properties of copper(I) complexes
and recent progress on copper(I) complexes based OLEDs are discussed.

Keywords: copper(I) complex, photoluminescence, electroluminescence, organic light-emitting diode (OLED)
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