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FEM 6.56x107 2.06%10’

¥-2,3-dicyanopyrazino phenanthrene (DCPP)" (143).

K QM/MM ()[R B T SR Y, 45 21 )20 K21
300 K Fl 3 72 SR AR 5 0 RS N ISR I 5 70
B8 B RO R, 93 S LR 2 AN R 3,

ME2FE3G H LR 458 (1) 485 BRI s %2
WAEAT R DL B AR BB IR FE A2 AL (2) IEAIESS T
(14) TG 88 S R Tk e 5% TR FE AN URK (3) AIEAr 1
YIRS, TR AT BRIE 20 K 2300 KIE N 1 ix24>
B, (4) AIEFA R M ER ;T B R AR AR, 72 &AM
N ICHR S BRI A I T

X g5 LR ], ALE AR U5 AR Sk 2 JR A ) Jo e
STRRIE. 48R, E AR IUE B MOZ B B 2SSk

ARG S i, RATAEE B3R T AR
ATENLER [ 5256 7 i JE4RHir 2 61O ] 47 % ATE
RN, Bl T IR B SR T IE B TR SN B
TRAEGHR) RS, B T 518 B ATE > 1 R AR
SIX 58 R A X B R GR, T E Rk 45 230
) T ek 55, S B AE SRR b 2R b R I AR X
F i 38 ek 55, T B4 BT

H T S B R R AN A2 BT 25, T8 )

(b) 17

B 3 DCDPP (a)HIDCPP (b)) 4T 4511

R2 o IRBIKRIC R HOT %4 H K AIEZS T DCDPPAE AR A7 TR T Mk ko F 926 BT 20050, IR 02240

R L
T(K) -1 -1 -1 -1
ke (s) Jour () ne ke () ke (s ) nr
300 7.5x10° 1.8x107 0.30 9.3x10° 4.5x10° 0.2x10°
250 7.9x10° 9.0x10° 0.47 9.8x10° 2.4x10° 0.4x107
200 8.3x10° 4.5x10° 0.65 1.0x107 1.2x10° 0.8x107
150 8.7x10° 2.4x10° 0.78 1.1x107 5.3x10° 0.02
100 9.0x10° 1.4x10° 0.87 1.1x10’ 2.1x10° 0.05
77 9.1x10° 1.1x10° 0.89 1.2x107 1.4x10° 0.08
50 9.3x10° 9.6x10° 0.91 1.2x107 9.0x10’ 0.12
20 9.3x10° 9.0x10° 0.91 1.2x107 6.7x10’ 0.15

3 RENRIKR BT AL HIAEATE S T DCPPAE AN B 7 TRZS T My oo A5 2003, B FEE (942 1K

RAEM L

T (K -1 -1 -1 -1
ke (s) ke (s ) e ki (s) ku () e
300 1.64x10° 8.37x10° 0.66 1.59x10° 3.29x10° 0.83
250 1.71x10° 5.12x10° 0.77 1.60x10° 2.74x10° 0.85
200 1.78x10° 3.30x10° 0.84 1.61x10° 2.42x10° 0.87
150 1.85x10° 2.26x10° 0.89 1.61x10° 2.25%10° 0.88
100 1.90x10° 1.68x10° 0.92 1.62x10° 2.15%10° 0.88
77 1.93x10° 1.52x10° 0.93 1.62x10° 2.13x10° 0.88
50 1.94x10° 1.40x10° 0.93 1.62x10° 2.11x10° 0.88
20 1.95x10° 1.36x10° 0.93 1.62x10° 2.09%10° 0.89
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T 5O A BARE N ROGIE M B 6 T8 R 2
A, ARG AHI3HREE =48, R =48
ANBER G, WM BT RRSZBR N25%. A& R &
VIR T ER U & R m ROt s =4 A, |
HLEUBEOE. o WA, Pt. OsFIRu%s, 3+ Mark
Thompson #1Steven Forrest%s Ff & HIIr it &4 2& B 71
TR R, CEB AT A AL KTUDC 2 =) & A
ESANER STV AR TV IS PINGLEWIE 53232 1N
g, = Hohgoub R R E, T H AR &,
LM R B AR &, R R A R, H 2
WG BHC I DIORERAFAE R FRAR . ANEEE 1 i) . 2
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Ui G R - IR B S AR B D RE I B AL ST T

Wi B R XTI R WG RHE i fr R R W, IF
g5 o TR H RS FRATH T 450 5 RO R
(4] £ BE SRR B 88 6 AR ]

AT 28 B Ir 1) B AR AL & WA AR TR B, B
Ir(ppy)s it & V0 A2 5 L) 5 2 2 A Bk, B A B B 4
phenylpyridyl (1, Fl6) A ™. AT T 3RF
PR, FE1 B R gk — 2P H 91045 2l phenylpyrazolyl
(2) 1 bipyridinato (3) (1¥6). /L& i HL 7 [ 1E FAE
1R X AN S P ) B 2 FUE (HOMO) FE AR, AT
RSPICUERE, (HR R SR B, BATTE S R 3 S R
HOTVER AT SR S AN o S R AT I 2, WX AN T T
SIAT T AR T BRI R AL LR b, SR TR T
wit, B4k & PIpyrimidinpyridyl (4) fpyrimidinprazolyl
(5) (El6). AT I, 4F05HH 522 W et Rk, I BT A
W OR TR &S, Red TR, REAR.

BT X KA AW K OCHE 2 R IK = 28T &2
FEA SoFBE Y, T T) A4 Bl 3 22 HOMO- S (K A (5 4
T (LUMO) [ BRI, HOMO Y R4 1 B R Ir i dhiE 5
BCAAR I n B IE (1 2H &, LUMO & Zk B BCAR i n* i .
AT e B M EI3H s T 250 8 4k AT B 4K
[ Be g BRAR, I ELZET A, O A4 (1) DT ik 76 28 3 36 B2
& U4 B I dBUE (1) DT R R R D, T-So iR BURE &

HAE I, TR 5 06 1 B, 0% R . sibi b,
12— JUMAR R, 18 5 0 R AR R T DA i
(Sl S)(SIH*IT, )

E, - E,

(SH™IT, )(S,, T,,)
+chlﬁple[szj:*],07] ESO_ETn l ( )

’uso“Tl,m Zlc singlet

W TR ) =S RS SR 2, (45 25 00
7 BEK, T3S — WU SR A h 2 R WU S, B, 3K
TR 545 2 ) e HURE A FE BE 70 R Hl Dalton 2 /) 41
fEZR 4.

AV AR BT 48 BRI A . B S A TG
BRSO ERIT I 2 TR 5. UL O A B S50
WAER g . AT LUK, JATHI 50 R A fE
fig 2 5 LB — B g5 R, TR T PE. AR 4R
) SR IR PR AT AT B A5 S R R A B TR R
i B AR EREPLIE(NTO) 0 #r, T LAAS 2T T)-So T R
IR TR A . T DA B, 2% B Sk
TSSRUESPR TS

WEYARISRE T2, 3RS MHOE, (H2
A5 755 Sk R S AR AT F $E T

Ir(ppz)oppy  Ir(F2ppz)2F2ppy Ir(F2ppz)3 Ir(Fappz)2Fopypy  Ir(Fopmpz),Fapmpy
\
N | N[N /
N’N N~ N
I, F F
2
1 2 3 4 5
B 6 1thEM~sHn 1450
Fa4  HEAINMNT S S IEK A E-HUERE A (em™)
1 2 3 4 5
<SO |HSO| Tu> 97.35 95.54 -1.29 75.61 69.38
<S0 |H SO| T1,y> —262.81 —-249.25 7.02 —-288.38 —-180.16
<SO |HS°| TI,Z> -118.56 —85.60 —242.21 —-26.07 —65.58
Ave. ¥ 175.69 161.84 139.90 172.78 117.72

a) Ave. = \/“(so |9 Tl’x>r +[8,1H% le),|2 +[sy 1% T1,Z|2] /3.
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£S5 AEWN-SIHILEIERIT BE(AEu) A5 SIS ()~ 08 565 R IE AT 48 S BRI 3 46 (3 5 vh Bl A K S 30 8,

PLAE HEAT EL )
AE (eV) Jmax (nm), at 298 K ke (s7) ke (57)
1 2.81 496.1 (500) © 1.47X10° (4.2x10°~5.6X10°) ¥ 3.08x10° (0.29%10°~2.0x10%)
2 2.99 467.0 (457) © 1.14X10° (4.6x10%) ¥ 2.47%10° (3.1x10°%) ¥
3 3.40 435.8 1.70x10* 3.43%x107 (~10%) ¥
4 3.09 453.8 1.04x10° 2.35%10°
5 3.12 447.9 4.26x10* 3.97%x10°

a) Ref. [44]; b) Ref. [45].

16
& 125
12+ \. ;\?
< n 120 :
‘n 2,
- O, o
= ¢ {15 T
x" _
4 J 10 5
g
0 T T T T r 5
1 2 3 4 5
Compounds

B 7 AR SHERT R () ENTO 2 #1432 A Ty T e pT o5 i 3%
(A (9 45 b % &)

T AT B S BRAE 1) A PSR 3 T B AR BE T
HIT SCAT 1, BE AR AT LU 2 Al 2 B & e d L1 xR
RASITTER. R, Ao ) HL 7 - 4R 50 ot B T FE UK
ey T AR 2L Y SRATT AR $2 AR O S B st 7R
BETE P9 A7 3 7 0 7 1020, AT LR 0K A () T 4 g 4
figp 9 P 2 B 4 A B T A ) DR, W P 8 R
HT AT BUR B, srmkoR i #R R B B 4. L a3

N3-C48 H AT IR =i AR5t B e, AT T DASERE 9 A 4 4
S EIRAE A B RO, BN KK, XAETTK T
A RS Y. T 4RSI S IR AE I R FE

K9P 7R R TCfa i BRIT . 9 LR T5 (68, A I K
W W OR A IR 2l b 78R BE A th i £E &, TR
B B H A BRI LS4 S SE BAT BRI it
BRI R S BRI . R R B B 34,
R R N % 2 R 2

3 Hig5RYE

TR 2 HI104E, A1 E EIUE TR AiX —
YeE e PERE I R R 3R, [l Ge o AROR R . AT
R, BRSO, KB T IR 5K
PR IR, $EH T MR TR R R g Y, JETERE
B I HEZL T HR T AR A B - o B W is
P TE R 7 8, (A B F Wannier-Fourier 8 W ¥ 77 7% K
TR T IFE B T- TR G I HbR . AR ST a4
T YR BN IR R T VAR A LR G T T AN B, B

1000 4

*4pon
N B W N -

B8 WORAM IR AL MR B 5 (ML A L BRI SAME)™ (M 25 % )
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8.0 4000
s T {3500
2 70t —

= 13000 §
:'f’ 6.5} /' =
[=2] ./ ~
9 6.0f p {2500
55 e=—
T . . —2000
1 2 3 4 5
Compounds

B9 IRBh Ik R BT S04 B SR AL S W 0 TS R S RAE
R () RO A IR 3 5t 74 B ()™ (W 2% BRI

P B T IR AR T RO ML LA AR B i ACE AL
R GBI R 7 1. RAE IR R BT iR
T T, iR T ARG S S R S R

s RW PR, . FEAL RAEK.
XF,AERMALARISEERETUFAHH .

SE Rk

Ptk ERERER R BT-LmE a5, XSl
JRT K 2 A2 207 8RR LA AR 89, (A3 A0 ik
T TR AR R R R A LR AR ROt AR
RUARDN. PRI B MR E A KR &R, H AT
AR IR I A AR H OB R A B ik, SEiE 0, Bl
(A TR N7 5 B DB 0, DRI, BT A 4 A
AN TG A ST IR I 3 4 S B #2300 ARSI 6 45 2R, Rl
T B[R 2R AR A 2 7 SR I AR SE. AT LAARAE, B
AR SR LIRS e i I ATENLEE . 0 A3
THETH RO & 23 23— D IS is STRF. Bh4h,
AT LB TR AR B, A ILATER 5 i H A
TR EZ N T TR R e, 3 ECR
B AR (R IR AN R SR O 1 8 23 1 R R UK S AR
G E M.
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Theoretical investigations on the electron-vibration couplings and
description of opto-electronic properties of materials
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Abstract: One of the challenging topics for physical chemistry is the theoretical modeling of atomistic dynamics at
quantum mechanical level, including the processes for chemical bond breaking and formation. If the atomic motions are
simply slight deviations away from the equilibrium, their couplings with electrons will determine the physical properties
related to mechanical, including opto-, electric/magnetic, and thermal functions. Taking organic light-emitting materials
as examples, we developed a vibration correlation function formalism to elucidate the essential role of electron-vibration
couplings in evaluating the optical spectrum and light-emitting quantum efficiency starting from electronic structures.
Such formalism has been successfully applied to explain the exotic aggregation induced emission phenomena and help
molecular design of highly efficient organo-metallic ligand compounds. The predicted aggregation causing isotope effect

has been validated by experiment.

Keywords: clectron vibronic coupling, excited state relaxation, vibration correlation function,
theory for organic light-emitting
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