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Theoretical Investigation of N-Coumarin Derivatives as Emitting Material for Organic

Light Emitting Diodes (OLEDs): TD-DFT study
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Abstract
In this research, the structure and energetic properties of N-Coumarin derivatives as the emitting material for
Organic Light Emitting Diodes (OLEDs) were investigated by means of quantum mechanic calculations based
on density functional theory (DFT). N-Coumarin acts as core molecule and Pyrene and Carbazole-Pyrene as
end-capped moieties. The ground state structure of N-Coumarin derivatives were optimized at the B3LYP/6-31G
(d,p) level, the absorption spectra of these molecules was studied by TD-DFT//B3LYP/6-31G (d,p) level, and the
emission spectra was also calculated by TD-DFT method on the basis of optimized excited state geometries by
CIS/B3LYP/6-31G (d,p) level. All calculations were implemented in the Gaussian 03 program. It was found that
the absorption spectra of CTCz(Py),, CT,Cz(Py), and CT,Py are located at 407, 463 and 492 nm respectively
and Egq, of all molecules are 3.04, 2.67 and 2.51 eV respectively, which are considerably red shifted relative to
thiophene and bithiophene respectively. The calculated values of the emission wavelength of all molecules were
located at 488, 490 and 539 nm respectively, corresponding to experimental observations. It was found that N-

Coumarin derivatives can be used as the emitting material for Organic Light Emitting Diodes. Furthermore, it
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was demonstrated that TDDFT provides an accurate performance and can be one of the useful and affordable

methods for future studies involving conjugated organic materials in OLEDs.

Keywords: Density Functional Theory, Organic Light Emitting Diodes, N-Coumarin derivatives
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aanauuaslug9aMuE1IATL 364 nm iunInTug
o { g < a o
Fuan HOMO 7 LUMO+2 Ga1flu TT-T0* NIu&tu

va9ny IrlafuuazIniu uaasluarsen 3 anduldd

AIN1IQANAURFIFIFA (Aye) Hd NI luiana
CTCz(Py), w8  CT,Cz(Py), Boilunatilasnain
Iw,aqa CT,Py fin1stadenfivesdianason
(delocalization) ﬁ"'sﬁu'ﬂmaqa lassgafiansuzidu
lawauianisaauginduldania Tmaqaﬁﬁmﬂi%
oiduasunlaa-1wsu CTCz(Py), uaz CT,Cz(Py),
Fawaanafunlaaiduluanafiilassaosmalng
Wasdanyulslefluinlwilasesirefidalyanszuuls
Tou gamaliiia ﬂa%fﬂtﬂfu‘lms\iaLﬁaLﬂ%UULﬁﬂU
ﬁ‘quLaqaﬁ"Lajﬁﬂﬁmim CT,Py
3.4 AnmamandAnisanauas
aulaaiunIapuasvasluans  CTCz(Py),
CT,Cz(Py), uaz CT,Py filadmisuimanlassadrof
anazilenldsedouss TD-DFT fiszau B3LYP/ 6-
31G(d,p) LLamﬁagﬂﬁ 5 (a) WU MIABURILUTI
AINLINEY 488, 490 WA 539 nm MNEIG IINKA
maswrmuaasiiiniinmavswanlslefwie
Lﬁummmaﬂaugm%’umNﬂlﬁmﬂﬂm%’mﬁmm%ﬂﬁ
FamoandasiunanInasad (Titiya, 2010) gﬂﬁ 5 (b)
¢ fluorescence energies (Eg,), oscillator strength (f)

WRaIA13190 5 awsainlus 1w e radiative

lifetimes (T) Tagidudnfiugasfistrsnaiildlunisaa
5z<ﬁ'uwz‘i’amumnama:ﬁmé’umf,jama:ﬁulugﬂmaa
NI UES %aﬁwﬁ@hﬁar_lLLamdﬂmaqaLﬁ@n'm%aa
usslerinn Geein radiative lifetimes vasluanadiuim
Ianaunsesii
. h%g,m,c®
27e*(Ey,)* f

NIAWILAT  radiative  lifetimes madIuLaqa
CTCz(Py),, CT,Cz(Py), w8z CT,Py @a 3.46, 2.01
W8z 2.28 ns 996 radiative lifetimes AAgnwronleais &
AIROAARBINUNANIINARES ABAN radiative lifetime
Fsfiarugaandasain

) gl;lwﬁ’J 3 nanosecond

NEIWILVRI N. Agarwal Uazatue (2008)
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NI TINmaasuazinalulad M Angasauan it 10 12 atun 3 Awensu-tuna 2553 21

0137197 3 ANANIULOUTBITN (Egep) AN ANUIIBORTALALAT (Oscillator strength, f) WATMINTIURTUA le

nnmMIswadissziiouds TDDFT/B3LYP/6-31G(d,p) (luan1izufiy)

Electronic 1 ;\’1 Main contribution 2 }:
Molecules nm nm
transition  [Eos V)| % (M) f H=HOMO, L=LUMO B (V)| (M)
So™™ S, | 304 407 | 0.8533 H-2 — L0 (82%) 2.53 452
CTCz(Py)
2
S S, | 317 390 0.3258 H-0 = L+1(91%)
S S, | 268 463 | 0.9589 H-0 —> L-0(88%) 2.41 493
CT Cz(Py)
L sy S, | 22 385 | 0.2735 H -0 —» L+1(+85%)
Sg ™™ S, | 251 492 16188 H-0 — L-0 (84%) 2.35 508
0 1
CT Py
’ S ™S, | 340 364 | 02515 | HO —> L+2(58%)

1 ° ad 2
ﬂ’liﬂ’lu’JmI@lf_l']ﬁ TD-DFT WRIINNIINARBI [8]

A19199 4 1W3suifsunssnuuautasinawaInIdiwInlasds TD-DFT wagkaannInaaad (Titiya, 2010)

1 2
Molecules FAWCY) E,us(TD), .. (6V) Equo (eV)
CTCzPy) 2.97 3.04 253
CT Ca(Py). 2.94 2.68 2.41
CT Py 278 251 235
1.0 10
7777777 N - CTyPy
S A T cTCapy, _ 08+ - creay,
T e T, CaPy, < ! - crycapy
2 6] (42) 2)2 E 0.6 PolD Ty,
E 0.4 e 5 04
é 02 = 02
00 e \('("'}' — , e 00 T T T >
250 300 350 400 450 500 550 600 650 700 750 400 450 500 550 600 650 700

Wavelength (nm) Wavelength (nm)

311 5 suaasunmsansus (a) Tdnnmasmwauas sidaadunmsanauss (b) ldannmasas (Titiya, 2010)
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22 NI TINmaasuazinalulad M Angasauan it 10 12 atun 3 Awensu-tuna 2553

A13199 5 ATWRINBNNTANDUES (fluorescence energies) ANuLTIBFSALaLADS (oscillator strength, ) A1k

desndsuis TDDFT/CISE-31G(d,p) (luanzufia)

1 1 2.
Molecules E (ev) A (m) Radiative lifetime (ns) A (nm)
flu max max

CTCZ(PV)Z 253 488 1.0337 3.46 602

CTZCZ(PV)Z 2.52 490 1.7878 2.01 641

CTZPV 2.30 539 1.9048 2.28 654

1 HAINNITAIWITE - HAINNITNARDY (Titiya, 2010)
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