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F71A7 AR 0 & A0 R EH A5 = 7 1/2
291 FA 9] 54 (hole) | AAH= 755 —% !
(singlet) ¥ 4F53(triplet)2] A=
o] wj g B4} ol %‘%ﬂ(heavy atom) 5-°| Al

-2 H|g AgHspin—orbital coupling, SOC)®]
g} ol A Ent Ed(luminescence) ol 2Hods)
= GollUA = anE), wheba] By
SO REE WS o] EoU= A HEE
o] {717 IHRgAA0] A8 S 918 dA

]

F

i)
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r’i

o Mo rr
ot
o

o
ofy
o
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>
(o]

of
4

o
ol
o2k
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Wl

o] At 10019 9] A5 S3f =2 A
dS—A Ao 5 ZAE G717 EgaAt) WA = AL
&5to] 7|1& g ﬂ 7|9 22 E s g7 A o2 F7
2 ol /= G}, ek ofu e}, Uyt
2 Q1 A~=Hi(s t1lbene) A FFA A= AAE A A
A 9 FF A2 Ast &2 F(charge—separated
species, = geminate 2tz 4 Q] T U4 7H

o)

Eﬁ-ﬂoiﬂﬁﬁﬂ—ﬁ

T

©
o 11
S
O

Q.
o

Ol
¢

;

7] o] 2L B3l SAHA GAY/AIET A E
AQHE SEsto] Hot 943 A71PFasS AT -
ol iy vf Qleh 2 EAH) - 1 A%
A8 9 Ao tigt ol Hith f7] A7 g A} ik
ofyel, F—AA} 4T WEE AR sh= BE &8 &ok
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of I4AHoz g T AR eFFHA A o]
2431, geminate 2t Ao 29| Mol ] {27t =2
A A ES Grht Bol BT = =7t HE =

5 o

= =
A3t heterojuction) 2 22] A& AL & %% ?47 ] -r]

= o
aEH 07 ZYsIAY Ak, FEg(photolumines—
3 2 AR Fof ek, oo &

a8 17

20
S

Y

ofo

We,
o
ﬁ
flo
2y
>
HN

O
i
+
oL
9'15
rir
to
7
u@
1o
Am
o,

“H—?—i Oqﬁo"*g ‘%’:“C . 53] UREAQl -t Zo] Byt of
Yzh 22} Y| A3} o] s (intramolecular charge—trans—
fer, ICT) Ao] W n—n* Ho|7} 7}s& % o]& Aol
ol FAE = ARF 91 HellA] ohFet A3 2-g-o] WAy
ot 4= qlom 747y 1RO A 2y FoshA RuiE
A EH L 1wk FEe] A olael 71ekgt A
Al BA} 2 2HL2 o]5 n—n¥ ICT Y n—n* HA}
=99 tda}-4rE3 1t ol q A] Ato](exchange energy,
A Ey) Z& BRbopue}, 45 dAEC =R g
H

A4S w2 M BT B %
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fluorescence radiationless §phosphorescence radiationless
, i ,

g 1. ™7 ol Xlofl o5 of7|= EXto HUs-AMFE &E2| HS(CS, charge-separated state; Kgs, the equilibrium constant
between singlet and triplet charge—separated states; ks, the rate constant for singlet exciton formation; kr, the rate constant
for triplet exciton formation; K, the equilibrium constant between the singlet n—n* state and ICT state; ICT, singlet in—
tramolecular charge—transfer state; Kir, the equilibrium constant between the singlet and triplet ICT states; SICT, triplet in—
tramolecular charge—transfer state; K”, the equilibrium constant between the triplet ICT state and triplet = —n* states; kg,
the rate constant for internal conversion from the singlet =—n* state to singlet n—n* state; ki, the rate constant for in—
tersystem crossing between the n—n* state and n—n* state; K, the equilibrium constant between the triplet ©—n* state
and triplet n—n* state; kg, the rate constant for fluorescence transition from the singlet n—n* state; k., the rate constant
for non—radiative transition from the singlet n—n* state; kricn, the rate constant for fluorescence transition from the singlet
ICT state; knicn, the rate constant for non—radiative transition from the singlet ICT state; kp, the rate constant for phos—
phorescence transition; k., the rate constant for non-radiative transition from the triplet state)

A= Sl 71 B4 oM 542 =+ glo] o17] AJH gfoll A A% =] F3F Aol(intersystem cross—
SAF-ATE T A E o] A S -ube A 3 ing, ISC)2t 2133 Hol& St etAAof ot + P75 i
gk At 29l ol & fofstala) ity 53], A 7 50 AR A9 WskE kst A9 AEAdS S5
A S4& Hole & 7] 2AE THLR ol B4= 5t7] $1sf eH" w217t EH(configurational mixing)
A7) AL, Holr o] S SHiEksly] 1%t 4 A ¥ = 8t SRR A9 SOC| olEsHA| =, 2
== =2t A 2291 FEA A} ICT, n—n* Aol 22 enjd &

e Fasksis B4 27t A4HT 94 w4

% ofn] AllE&e) of 2, Wi 2|9t ol T4 w5l

Y @ Y
HE _
== 93l Alg=+= SOC7F w9 ZapA o] (YA SOC A==,
. ¢ =3909 cm™ (Ir), 4481 cm™ (Pt); c.f., { (85 cm™
e A 2R EH S 47 HeliAe ddd o714k Q)), ol& Tall LEE A2 QES GAAT 4= Sl30] o]u|
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W ok 9k, ofejst 57 Fo

o = Hl 25 i=(benzophenone) 274 WAl n—n* 54 <
A7) YafAe AAp Hol7t -5

al
g H3kE utelop 33 Hlrhal HaE kY

Lo

(O

sh=tl, o] ¢ Qe SH =7} ZrobA] w2 Wy Hols 7F2HY7]9) n—n* Folof &gt SOC AHE STHSHA|
sHEst7] of Pt witoll ANEAQl 7] SRt A LEE 717] 91gk et H o= A4 AJH S A F AR =
o1 A8 SOCE FAlo @Ak AL v¢- of & 282 o8 4= Qe vlAld tieke] ARt g e
A& ol St} ERol|A= A2 Q1 54L& 7= A e WA SR AS 2Ask] AR I AsS SRS
2 HuEH 7] B9 25 AAskL, o] Q1 Hd T e BARES IR ERVIer 22U E A
O] F-& =3It Uo7t A2 Qg AE 91eh &4 2 of Zgst= WA W yYzEH § 24 (3-6)= LA AJH
A& ARttt ofj Al - &2 2 86 A2l BE Uxle} QIS ofE Ex}o]

Axp dolo) 2 Aei/dof o3t Agtel = EakaL 4 szag7iof e 4kd YA 7 AR E 712 o egt 3%t
2o|A QIS Y= B4 (g4 R HuE ity & A QAo A Abax ALY M Ff AAES g2 H 24
3] AE (ketone), 2L (formyl)7] 5 7I=2 R d(car— BE7]0 eksiA| vlHA|S e 0] 22 7] n—x* oo
bonyl) il Z3st= AR 75 LA Aol A A ol ogt SHA avte} s

zaldehyde (1) p—dichlorobenzene 24 ol =% & o

H =
_ [¢)

AFS o ek 4 A Stk 4 & p-cyanoben— t} Yoy} B2y} Zauly] 71 75t gk o Bajo] i
o q

n—n* W n—n* A9elA 7]/I8k= Qo AFE Heltk &

(1% 2].9 =3} A 7H9] 712K 97| S 7}R]= indanetri— 55%) =M 1S 4= St o|ek FARSHA B4 1 =
one (2)% ZEMALSE(phthalic anhydride) W E 2 2 A% 9 27 Aol s 2 e A2 o] &

Room Temperature-Phosphorescence from Crystalline States

NC Cl 9]
\©\ doped into \©\ crystals /‘)J\‘\
c o C
1 X X
(0] X=F,Cl,Br
7-9
0 0 o o
doped into O O crystals
2 Br 10
(0]
OCgH13 SCgH43 /@)J\O/
CHO CHO
/©/ Br 1
Br Br
OCgH13 SCgH1q3 O NH;
3 4
CrHis (RO
CHO C O OCgH13 12
Br Cot130 BrBr
C7His Br
5 6 13
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Room Temperature-Phosphorescence from Molecularly Dispersed Polymers

F

5B
B
Pl e
i i
e
15
o n m

/

PMMA

OCGH(‘;H 5 o} FoF o R

\(O)Kﬁ/ o |N ’ o N] /\(
Br m A X _N
2C6H1 . PLA O )’ O -
o H o BCl, o BOh BCl,
R4 C OO oo O

P&H HsCO 18 O 19 H,CO 20 HsCO 21

oj2 th2 o= A¥E 4 9lth, Tang 14 1F
Cl, Br, NH, 5 4 4% £+ 27 43| 75
%8 %= 9 vlo|H]d (biphenyl) FEAS(7-13)2] 2

4E ZABATY o5 BAE §9] U poly(methyl ARz wAA Holo] 2A) 2957 uhol, 24}
methacrylate) (PMMA] S BN B S A=edre g A 2UE 4L LY 28 TUA A3
2 Wolx 9ot 2% AdelAl 4o AL ABe mel  Auael YES AFAch A4 FY o Gsotactio

& 75o] o 2k wdf v d(syn—-
[ez]
=

(atactic) PMMAX.t} ] 7}3h AR

T}, o= 47| AEA S| Aldt= CH--O, NH--O, PMMAO A= B 9]
CHX X =F, Cl, Br)¥ 4 A&7 CBr--BrCY & diotactic), <43
[e]

2 Aetoll ofsf niE=gA dolrk avpa oz oA =) AFE A& o U 317 olof frAlSHAl, o AT
7| 2oz drHrt Sl LEAF W A2 184 AR WA Aol E oA

9 dE2 ‘ﬂ%ﬂr Z2977F FAO] =9E Wk @ 4 Aok Poly(vinyl alcohol)(PVA)= 3| =5A17] 1t
ShEe] A Al A2 el 2 Aol EAlste & ead el s i 24 FAEE wdoh A2
A 7+ Aol AA &Rt Ae AARI, ey Tk A eRhEel 7l EAY] 5 sad el 7hs et Vs
ok ofoll 8357 fleiM= vI2Ed Aelolde 42 & AZ3H o] PVASL ARt A4S 18 st HH 2l
UG 545 Eshs Ao] R3St PMMAE 4ol 4 A otee 24 W 255 adF oz A - v
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6719 tolylsulfide 71 7FT}, o7] A tolylsulfide 7t
SR A% v R]of whet of g o] e Al (conformer) 7} &
ek o] %
= 7k

[e]
Ast=tl, CH-n <150l oJs)] 71 QHg et 5= o] e A
ot 49 tolylsulfide 7F A% $A|7F tf2w, Z+2 ICT £
FEf} n—n* Aol EAEZ 7= T A
22 e

27l ¥ 54
(71 39 14]. o] & &l F=2 Y25 BFdh= 24 1t
&% 28] &gt SOCE FAIF T} FAlof o7] A vl
B Aol HEF A ZMN Af2 1 7 57
Hot, AA PVAoA PMMA tB] o 9-4=3F Q1 J-&0] 3h
SR AHIFAEEPVA)/FAELEPMMA) = 1.5).9 A= 7= —n* A
71 At Bl dolo) aubA A7 AR o HIE 7HIth CAM-B3LYP Alite] o8f of & €A of
Shilof A QlS Kot oju o] Atol|lA 5F & YA W il 2w, Ty A= vh Adeieb wakgt
A7 = A 22 AT AR glo], Ale]ERYAE o}, whebA] tolylsulfide®] 3] 8a AA|ske] T) o] FeA| =
d(cyclodextrin, CD)¥}F W3 ZFAFA|(inclusion com— O] HE AAIsHE A2 IdZ E2 &E0| ol o]
plex)E FA4sto] 35%2 A 1g= 7153t o7 Hars AR O] A Aol A SAAEE 80% 513 nm &
v} Qlt} 9 1-H 2 Wy 322l (1-bromonaphthalene) T} 733t Are o]ag-S Holr) 10
UFES CDE 235t 7890 o o] Al 3lhEo]
4F 2EAAE FHUT o] A9 ATLL Bz ;ALO oi
eI CD 7 ATS ZAAAFE BTE Akl B T8 B
I-HEREEAe CD Uy 2gE A4 500-650 ML °
nm? 2 ¢S Wrh, Soldt 2 dFZO| 20 uf
2} QI 7ol & Aol & Hol= FelH|, o= A& ¢ 26
A o] v Ao|ef Abaso] ot Ag-E ot A% 21 5 Tem L AIS ol 4 2] Sx)
7toE7| o2 Aigdnt
F2 Y4 (main group element)E E§3= 3 -
ZE B2 S0C 515 2 4 o A= A 4=
4= U= Aol gl SE . Tele] 29 (tellurophene)]
F7F4 2.2 pinacolboronate(Bpin)©] =4 W 3FeH=(1
d 59| 261> §Ho|A Hg EAS Holx] ghou dF
& LA AEfoll A ARt AR Q1E-S WTHEAR & ~ 12%,
L =535 nm)."V o] )13F A& Tele| &J3k SOC Fket
E=0], Te"9 HlF-F--A Bpin®] H|o18l= p 2H]
2 FHE oot e YA Fef &
Efof Al Te-Te 7+ AZE 5A ©]
Ao g 9

: S
Siisg
ZHICTO| &J3t Ao 2
 Bpin7|7} 2LA| A
3 sll=o] fallet B4k 71 Q1 g
2 SOC av} ¥t opyz} dwkz o
7 = £=E}ol iy
o
o
S

JORes
L
25
O 4, 158 M2 o EM K7| Xt 97} =2
A A Ao A AL 9lsfo] 2 dojR| = o]f= A FA 3
2 U 52 w7 = k= vy Aol A E 7] EH o= FFE
Folgt & 4= i), B AA AMe] 5 o g 1A AElof A &4 7] A= 2
AL Q1S Hol= o= Wo| HAlE Il Qi &3] 2} 2 32 A2 95 7HA 71 UHTOH o}ol4¢
Y Adre] 3 (bond rotation)ol &JaiA T ZEhE]= H HZl o) o7 w3 o dbst §.8-% Wik gL of @A
B AR A S ZSols A oAl ILA] AbE] AR 2 Kasha H2] 02 H¥ Ho|upA AR A53H(T,) AE]of
ol EAo] YERS = ). [1¥ 419 WAl B2} (25)= A olg-S W 4= Q180 EuEal It} Luptont Hoger
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delta(E¢y) = 0.76 eV RO OR

Ar =

:Q: R=/</\/

OC1gHa3 OC16H3s 31
27 28
delta(Egy) = 0.45 eV delta(Egy) = 0.4 eV
C16H330
/
/ N I\
OC1gHa3 S
29 30

delta(Eey) = 0.13€V  delta(Eqy) = 0.017 eV

a3 6. 2D SHE JHXEHM d2 E £

mjo

Hole 124 H 77| X

rr
J0

ol
—-

152 Eg|ddd(triphenylene) 7+ NAE QI AH5d =95 HAFAZ = 35S 5
d %

il
> H

g 0
m

o
o o
1 of

al
N FAL (27-30)F S5kl Fg QlF o SETE S [217] 619 Hul 5o 24} (319 A A7
Soto] @A) Fet AEE AT o] FEdAl FAHEGo A= FF (O = 630 nm)T HE0] Htxl9
oAM= SN F22] st gt FF= W T oAl 71Q18 = A2 1L = 760 nm)o] -&Alol
F olv A= ISR R, Q1A A B d Sk o3l 33l o]F W As A7|Hom g4
A 8te= SAd0] qleh, webA] (21" 6ol YrEhd Hieh H AAE] 1 8E FHg| FEsHA AR Aolth
ol n 3l IEAS] A 2 2ES S MEA oY A nH 29 =g glo] & AejolA] 42 g
A& Wl weh d 54 dddy Q1E 54 AT A © AREEC] F WAL Qe AR A A=
°0]9] AEu= 00 =8AIA o Qlt}, o]23t 54L& 159 zZHdexl E2F 23 (fluorene) ] 29 $1x]of BE7], 7H
ALFARO] o] 7| Q15kH= AFE e EnfH I o] 4F A 22W7E =5k [O1" 79 32] EREEE &
=35} A 7 Y5 A3Hinternal conversion)©] wj-$ = oo A (400 uM) 358 nm<] HA 3 o]¢Jof] 500 nm2]
7] fzoll Yehbs Aoz ofsi ), wheba g A 733t =4 Qo] o THFA A& = 35%). W ¢ =g
2E 5o A5 A= 21T 4 QAL o] dAXES T2 355 usE - A, PMMAo| =3 =] IS wj=
Ade; A Eo] W= g o fARE GoollA Q1% 78R 1 S AR A 1Y I © OJE B
& W =} Lupton¥t Hoger 15 Eejvdel 85 £7)9] 94 Ane} Bo], 2297]9| n—z* ol
ofe}, Hubzl(phenazine)®t 22 2D 22 ofd £4} Ofgt 71047} S = AL ik, WrghprolErol 7]uket A
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AbslstA o &8 Bl n—n* Ao

7 ApeelA] - * o) BAe L%—@ Aef fzm Aol Rm

7h ofupa, ool A 4 Qo] Aojz|i w7k Fol & ~

AAElo] 9o}, Fus BT 1 A7} 5 OF\'B::\©\
ofo} o ZLo® ALRET, AT Yol 41 9)Fof B NO

717} =215 1,8-naphthylimide GEAS%(33-35) & )Fz = g’ E'HOCHS
2ol N Yo Al ~570 nmo] ArL QAT (FAEL ~ e
36

0.1%)< U= 3Afo] AdEc) 9

. w2} chola) Bl 8] A9 o] Al HAh U] B3

o N o Moo} 77 TAof o)A B}, AR poly(L-lactide)

(PLA)®] eho] E® B2 g-rhowlz A ud 9l

OO (dibenzoylmethane) 2Fer=[1% 39 1519 ¥F-3

o] 0|5 ula} A& vhela) of7] Ape) Baje] BeAF T

o A 2ol 7|98k Ao R 0|3 4 giek. Y et

R= [ ) [ 3R] ARAT ARE Q1 E st B

N Z A3l Tl B ojele] B o] PolF 4= gleg =

3 34 3 b7 gk o olez ®E Wik ohe) gRn)E A1

O 7. 8 Mefl M2 ol ENZ HOol= |7 Xt 253} e 2o A ALS ol FIFHE O] 7| Eo H|e] AT}

o Td -Eroé(Slnglet fission)e] o8l &= 771 & A A 352 OCE PLAY As® =3 Abe]of A

ARHE DEE AL B THT 5 90| BiEY et AFe Qo] HEHT) JiangT} Zhang 15 o

o} 10 Telgl e 6o o17] Ael] EAQ} vhek Abel] & 2 v o) 2™ monoketone®|H Mannich
=] A

L=
3
A 70 g oJ3h 2709) 4% of7] Ae) 47k BHE @], iminoketonext 2+ olul§] EAH 1Y 32 16-24]
A
3

L R0, S+ S —2T), Shte B4t Ei oAE o122 Aol s A S 84 o Al ol

o E A9 o] A4S FHAA 5 U/ wEel Aol westel A n—n* AR F2F Mol

200%9] WHYPAEES BAT % 9tk Venkatesan 71 AT 4 QUrka Fheh 2 A B AL Holk ¥AE

§-2 3= S0 Yot (hydroxyvinylimine)©] HE 2 ol§3le] W& H7|WYe] S8 ol o WARA

A7k e pwe] GO A9 W nEAd) wRE Aol ohm ek e ASFORRE A2 ol But ohe

DESPAES) 100%) O 4L AL W F At R AA YYE w5 5 ] R FF BA T2 28L

S WS ol2 BUY BUR AYSAIY 8l ol B AR ALY Hgo] 7|tk

AP BAS WE A FE B AE AT

RO BS)) 2 x ET) o ofid] 2AS uEA Wk, ~
_ _ _ - - OOoF Ol x{O}

BT % v HUF RARTE A5 4FFORTE 2R AT

S Qe @7) AL HEY RS Hassit B .

A 1ot = 0] HejE F st 87 G50 Q)& spomAl A71202 AHE Bl
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e QY B §7] BAS WY BUR o] gat W20l ol U5)2Dx T Tx TF 59 BA HAS 0§ >
AND 4 T 24 §7] BARYE AL QWS A ok oo} BEe] HPuRA Mol oAIs] 13 6) 1A
2e A ol o] 2 HE WAL SIISHE AR olF A YRA-TRA AT FEH ) 1EA F =2
Slaf BA Lm0 A 2AT R AT A0l & HE wEAek WA 7F 128 A4 rigidity) F)
FH £ FA A AL AFS ol A §7] B 18 Yelo] KT AT, EF WEEol AL 1S ¢
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