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Abstract :

In this study, we designed color of tunable and high efficient organic materials

using the quantum dynamics and the semi-empirical calculation, and applied this results to
the fabrication of organic light-emitting diodes. Also we optimized the molecular structure of
phosphorescent materials and the energy transfer from a host to a dye which makes organic
light-emitting diodes improve. Using quantum dynamics method, the molecular structures of
ligand only and the whole metal chelate were optimized, and these energy levels were
calculated. From this test results, we could understand the emission mechanism of phosphors
with various ligands as well as design the proper ligands reducing the T-T annihilation and
the carrier lifetime. We also could design ligands with various colors using this test method.

Keywords -
blue, boron.

1. M B

A w3l Absle] QoA H# tjAZd ol Ak
Boku}h wlAl Botolx] ZHASA AFLH T 9

1L wekd A, oy FEF FRE

Man f44 e F YEF 2757 Bl
HE||T]o} & 1A% HAEA] SAke] T8
AA I Aok Fuietast, Aa6dEsE, a8a

HE B §2 stow HAHA &AM &

T 242} (e-mail : youngkim@hongik.ac.kr)

organic light-emitting diodes, density functional theory, organic materials,

aaEolgti sHTH2-6]. #7
(orgamc light-emitting  diodes,
A <k 2 mm o]3te] ®iupaist vt
saia, el We duas, T¥Y 5 AR
2% gojo) gagdo) o s A 5o
FRL 7hA 1 ok EE?} —11%14?35 5V ¢ 0}

o

ol _\ﬂ,

rir
>' of¥
i

A1 zeg de) ofat:, ww 2Ae W

AaEA Adud fegnz @ & a
-1 = A
e, ob2e Fae) ¥ 9 b
N

$ HEs S,
5% v F30) mgsd £an Aok @A
F71 % 247k 23 Qe 2 2 BdES



2 A9B- A9 - ANE

CECHIEL RIS S P I
aapel B oYY FHAMRH GFF %
FAR FH, 77 %% 249 A% 2 Pk,
g3 ol 2RE ol4F BUF EAY A
2 Sol ol2/7A e ATE FPsE 2R
o] Bashet.

2 AFE 94 4% AuS wFER A
& Fao] skt 4% WYHD B VHEE
2 4+ e A9 w3 84 WAL,
Ag Bd ANE Fael A¥%Y 47 2R
A7) F28 A3sgch

P o

o

2. 4 o

2 Age A4 2y EdE ded
BPhx(2-py-aza)$} BPh(2-py-in)ol tj3ld +
ZE HH3sln, §4 9 L4F wFFed o
3o AFERed, 59 At PHE ol &3}
o N2 FEE 7F  BPh(PBI-Me)9t
BPhy(PBI-Ph)& AASty HFELE ZASIA
tHB+ boron, Ph= phenyl, py¥ pyridyl, aza
£ azaindol, in< indole, PBIZ phenol
benzimidazole methyl, Met¥ methyl2 %F3).
T gFst T/ irdiumD) 2] i3k 7
Z HAHE JPsgon, HHsld FERE 9
23510] uigbate] 2 BB AElOA AxES F
Zof tiFt oxe} 71EEty FRE AL
o}

T2 HAAHzl AHgd AAHLE hybrid
B3LYPE ©o]&3 HE EF o] E(density
functional theory, DFT)olH¥, Al&-8 7|¥ JA4
2 54 A5 7Y 77 E2AE U=
dumtg oz wol ALESHE 6-31G(AE AH&3)
Aod, iridium F5°] WdldE Los Alamos
Effective Core Potential (ECP)& A&3l:
LANL2DZE H&3tHcHl5] #& 229 EE
Fejoll = vteatEle] F2E 7] FRE A
23l 28, hybrid BLYP & o] &3tE A
7+ gE-UE 5 o] E(TD-DFD)E A3
78 FAL B4 7 2AEY A A
A5 FAYA L BT 6-31+G(dE AL
tH o, iridium® 7% LANL2DZE AH&-3}
#ok o 7l(excitation)o] #AstE A=ES A
93 A x(occupied orbit)?t B A=
(unoccupied orbit) ZF ZtZ 107 o2 A%

BEMCPEE

sttt A7) BF3e FFE 53] 93y,
BAEE Sol2oz UFdd FxE FHH3
stgden, TD-DFT A#fAAME HHstd
ol F2E AMLIdd. EE A" e
A¥F vl@a7] 95t BPhy(2-py-in) £
o @ 23 548 AL boron AES
wPgZog v FIUF AAE A3 1
A7) 3 5EAHE FAsHd A¥E 249
TEE N,N’-di(naphthalene-1-y1)-N,N’-
diphenyl-benxoidine (NPB) (60A)/Z €U E
E(Bicarb) (20 A)/BPhy(2-py-aza)(20 A)/tris
(8-quinolinolato) aluminum(I)(Alqgz) (40 A)o°]
o},

3. = % 1@

2 dFoA ALgE A 3y HEgAHE
B7teyl YA EATFER7E #HEA e
BPhy(2-py-aza)9} BPh2(2-py-in)o| thsled +
Z HHE HYstH}. Table 12 F E=b9
ANE E3te AZ3E Ao Ao #F A
8¢ x-ray 23 AREES HAF5 U}
27 Al dig A d#3e x-ray AES 2
%2l o2k W e ZF dAsn JSE &
A& 4 Ut} uhepr] B AAbel A AMEE AL
U A B4 g9 A AHEEdn #@
©g 4 9ok

TD-DFT ®¥& ol &3t F &EAHa ¢ b9l
Az ¥ AHE Adsden, 1 AIE
UV-VIS &4 239led zge¢ A7) w3
(electroluminescence, EL) 2~#E# 2 &E H|
wWate ®WotvH(Table 2 F2). 7HE @& oy
g zZte HAxle B AeHE 247 4106 nm
o} 4486 nmE HFA L #F dAFE & 5 3
o A7) 43 2HEY oF9 AL 4540 nm
¢t 5100 nm ©ol%vl. d¥Hoe=z NN'-di
(naphthalene-1-y1)-N,N’-diphenyl-benxoidine
(NPB) (60A)/F &Y EE(Bicarb) (20
A)/BPhx(2-py-aza)(20 A)/tris(8-quinolinolato)
aluminum(I{Algs) 40 A)9 FF& 2+ &
2ol A7 #yg AHEY 49 BPhy(2-py-in)9
%4 g3 (photoluminescence, PL) 2#HE ojA]
A 3271 2tz 480 nm¥ 516 nmolA S
28 B F vk ol AnE At HdS
3 Ao vuwy & dXFgE A+ Urh

- 300 -



Vol. 22, No. 4 (2005) 7] B ouA) #9 2 AA dE AT 3

Table 1. The comparison of structural data between BPha(2-py-aza) and
BPha(2-py-in)[16]
BPh2(2-py-aza) BPhy(2-py-in)
bond length(A) bond angle(deg.) bond length(A) bond angle(deg.)

Param. x-ray DFT Param. x-ray DFT| Param. x-ray DFT| Param. x-ray DFT
Nir-Ca 1.343 1341} N;;-Bis-Cig 1134 1123 Nj3gCax 1329 1.341 | N;;-Bis-Cx 1151 1138
Ni7-Cua 1354 1.365) Ny-BisCie 1096 1143 | Nig-Cu 1.358 1.366 [ N;;-Bis-Cig 1112 1125
Ni7-Bis 1637 1644| Ci3-Bjs-Cis 1189 1157} Ni-Bis 1633 1638 | Cx»-Bi5-Cis 1154 1164
Noo-Cos 1.337 1.330| Ni1—-Bis—Nyi7 948 942} Bis-Nn 1.561 1.562 | Nii-Bis~Nig 935 944
Noo—Cos 1344 1.340| Cig-Bis-Nyi7 1087 1103 | Bis—Cx 1587 1621 { Cx-Bis-Nys  109.1 1075
Ni—Cos 1353 1.363| Cio-Bis-Ni7 1086 107.7{ Bis-Ci 1602 1622 ] Cio-Bis-Nis 1103 1098
Ni1—Cio 1.392 1.383 Ni11—Cio 1.369 1.384

Niu-Bis 1550 1.567 Niui-Bw 1.370 1.367

Cis~Bis 1.604 1.620

Cio-Bis 1616 1618

Table 2. The Calculated Data of UV and EL Peak

Method BPh,(2-py-aza) BPha(2-py-in) BPhyPBI-Me) | BPhx(PBI-Ph)

B3LYP/6-31G(d)
\% 410. X . .
U TD:B3LYP/6-31+G(d) 06 4486 79 3632

B3LYP/6-31G(d) 454.0 510.0

EL 456.0 480.0
TD:B3LYP/6-31+G(d) [experiment:"480] | [experiment:516]

(a) (b) (c) (d)
Fig. 1. Chemical structures of various boron compounds emitting blue fluorescence.
(a)BPha(2-py-aza), (b)BPh2(2-py-in), (c)BPhy(PBI-Me), (d)BPh:(PBI-Ph).
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(c)BPh2(PBL-Me)

(d)BPh2(PBI-Ph)

Fig. 2. Chemical structures of various boron compounds of optimized B3LYP/6-31G(d)

calculation.
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(a) fac-Ir(ppy)s HOMO

(b) fac-Ir(ppy)s LUMO

Fig. 3. Optimized structure of fac-Ir(ppy)»s HOMO and LUMO.

(a) fac-Ir(ppz)3 HOMO
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(b) fac-Ir(ppz); LUMO
Fig. 4. Optimized structure of fac-Ir(ppz); HOMO and LUMO.
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Fig. 5. Energy diagram and absorption spectrum for excited fac-Ir(ppz)s.
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& 9230 F F Ae NMEE FE7]9 x4l
da s Ao wdh Irbtp)sd A% 449 371
o] HOMOOIA T4 F&°] AA3L e A
zpe]l Hl&o] 32 %, 20 %, 20 %BE Ir(ppy)stt
Ir(ppz)yE ot Hlud g, o3 He
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Table 3. LUMO(eV), HOMO(eV), Energy Gap(eV) and Dipole Moment(Debye) for
Various Ground State Iridium Compounds.

Ir(ppz), Ir(ppz-2), (acac)Ir(ppz), Ir(pim-R), Ir(pbpz),
LUMO -0.5537 -1.0759 -0.6891 -0.2695 -1.1875
HOMO -5.0251 -5.5609 -4.8977 -4.3094 -5.0316
GAP 44714 4.4850 4.2086 4.0399 3.8441
Dipole 4.5758 1.3564 0.8021 6.8727 5.0921
Ir(ppy); | Ir(x4-ppy-y)s Ir(btp), Ir(x,-ppy-y); | (acac)lr(ppdz),
LUMO -1.1952 -2.0367 -1.4747 -1.9430 -1.6876
HOMO -4.8547 -5.4784 -4.9366 -5.3009 -4.9124
GAP 3.6539 3.4417 3.4619 3.3579 3.2248
Dipole 6.2647 7.8845 5.7427 13.6789 0.6682
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