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New red light emitting dendrimers were synthesized by reacting 2-{2H{is(6-hydroxyhexyl)amino]-
pheny}vinyl)-6-methylpyran-4-ylidene]malononitrileLb) or 2-[2,6-bis(2{ 4-[bis(6-hydroxyhexyl)amino]-
pheny} vinyl)pyran-4-ylidene]malononitrile16) with 3,5-big 3,5-bis[2-(10-hexyl-1B-phenothiazin-3-
ylvinyl]benzyloxy} benzoic acid 9) by DCC catalyzed esterification. Two kinds of red emitting core
dyes capable of electronic excitation vidrsr energy transfer were encapsulated by phenothiazine
(PTZ) dendrons. Photoluminescence (PL) studies of the dendrimers demonstrated that, at the high density
of a PTZ dendron, a significantly high-energy transfer to the core is achieved as a result of the large
overlap between the absorption spectrum of a core emitting dye and the PL spectrum of the PTZ dendron.
The electroluminescence (EL) spectra of multilayered devices showed red emissions, similar to those

observed in the PL spectra of dendrimer thin films. The multilayered devices showed a luminance of

490 cd/nt at 254 mA/cm (11.4 V) for 17 and 210

cd/rhat 321 mA/cm (11.7 V) for 18. The EL

guantum efficiency ofl8 (ex = 0.56%) increased with an increase in the density of a light-harvesting
PTZ dendron. The larger dendrimé&®8 bearing a more polar emitting core exhibited a considerably pure
red emission with CIE 1931 (Commission International de L’Eclairage) chromaticity coordinates of

0.64,y = 0.34.

Introduction

Recently, semiconducting organic materials have attracted
considerable interest as good candidate materials in electron
ics and optoelectronids® Among their many application
fields, electroluminescence (EL) devices using small molar

mass organic materials have become the most popular

technology that have already been employed in practical
applications such as flat-panel or flexible display devfcés.
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unique molecular architecture and characteristics. It has been Instrumental Analysis. *H NMR spectra were recorded on a
found that the photophysical properties of the core such asVarian Mercury NMR 300 Hz spectrometer using deuterated
the absorption and emission behaviors can be fine-tuned bychloroform or DMSO purchased from Cambridge Isotope Labo-
modifying the environment around the céFe&s In order to ratories, Inc13C NMR spectra were regorded using a Varian Inpva—
improve the EL efficiency, periphery-to-core energy transfer 500 spectrometer. Elemental analysis was performed by using an

systems based on light harvestimgconjugated dendrimers EALL12 (Thermo Electron Corp,) elemental analyzer. High-

have often been prepardét® EL dendrimers exhibit a resolution mass analysis was perfo.rmed on a JMS-700 MStation
. p' P . . . mass spectrometer (JEOL, resolution 60,000z range at full

unique feature that is attractive for use in EL devices. The sensitivity 2400). MALDI-TOF analysis was performed on a

peripheral groups assist in core isolation as well as opt_imal Voyager-DE STR MADI-TOF (matrix; DHB) mass spectrometer.
geometry formation for an improved light harvesting  Thermal properties were studied under a nitrogen atmosphere
property337 The site-isolation effect provided by bulky on a Mettler DSC 82Linstrument. The redox properties of the
dendrons minimizes the undesired ceo®re interaction. synthesized compounds were examined by cyclic voltammetry
Moreover, by systematically modifying the structures of a (model: EA161 eDAQ). The dendrimer thin films were coated on
peripheral dendron, the overall energy transfer efficiency of a platinum plate using chloroform as a solvent. The electrolyte
EL devices can be optimized. solution employed was 0.10 M tetrabutylammonium hexafluoro-
In this work, we report the synthesis and photophysical Phosphate (BINPF) in a freshly dried acetonitrile or MC. The
properties of two dendrimers (see Scheme 3) consisting 0ng/AgCI and Pt wire (0.5 mm in diameter) ele_ctrodes were utilized
phenothiazine (PTZ) peripheral moieties and red emitting as reference and counter electrodes, respectively. The scan rate was
. L .2 at 50 mV/s.
cores. We found that the electron-rich phenothiazine ring is . . .
an excellent light harvesting molecular dendritic wedge Absorption and Photoluminescence Spectroscopystudying

L2 . . - absorption and PL behavior, dendrimer films were fabricated on
whose PL emission is well-suited to excite the red emitting quartz substrates as follows. The solution (3 wt %) of each

core. Moreover, the nonplanar phenothiazine ring structure gengrimer in chioroform was filtered through an acrodisc syringe
of the dendrimer restricts-stacking aggregation, which fiiter (Millipore 0.2 um) and subsequently spin-cast on the quartz
prevents the detrimental pure singlet exciton recombination glass. The films were dried overnight at 8@ for 48 h under
process® Furthermore, we investigated the density effects vacuum.

of the PTZ moiety at a periphery on the PL and EL  Absorption spectra of film samples and of chloroform solution
characteristics, which are discussed with references to(concentration 1x 1075 mol/L) were obtained using a UWis

possible mechanisms. spectrometer (HP 8453, PDA type) in the wavelength range of 190
1100 nm. PL spectra were recorded with an AMINCO-Bowman
Experimental Section series 2 luminescence spectrometer.

For time-resolved PL analysis, all samples were excited by 400
nm pulses generated by frequency-doubling of the 800 nm 100 fs
pulse from a mode-locked Ti: sapphire laser oscillator (Coherent,

X Chameleon). The PL kinetic profiles were recorded using a time-
(24) ((:a_l)é;hgg?k,s\}iJA'ém/IO;téflggal_ig,' leVZ—i]ﬂGJ(IIJ) I(_:i%n(g:]', '; u!'-_;ee' correlated single photon counting (TCSPC, EG&G Ortec) setup
Jin, J-1; Lee, C. H.; Lee, C. Bdv. Mater. 1998 10, 684-688. (c) equipped with a photon-counting MEPMT (Hamamatsu) detec-
Kim, K.; Hong, Y.-R.; Lee, S.-W.; Jin, J.-I.; Park, Y.; Sohn, B.-H.;  tor.
Eérg, gvv'v_' Ev%gkﬁ JK'K\‘(J.‘ I]\ﬂ? tirllc.:rll,zrpkzof.l K1|%n 382%_333\;?&”(3)' Electroluminescence MeasurementThe multilayer diode have
W. Chem. Mater2001, 13, 565-574. (€) Park, J. H.; Kim. K.; Hong, @ structure of ITO/PEDOT:PSS (40 nm)/dendrimer (50 nm)/BCP
Y. R.; Jin, J.-I.; Sohn, B. HMacromol. Symp2004 212, 51-61. (g) (10 nm)/Algg (40 nm)/LiF (1 nm)/Al (100 nm), respectively. The

Synthesis.Detailed synthetic procedures for all compounds and
characterization data can be found in the Supporting Information.

Cha, S. W.; Jin, J.-ISynth. Met2004 143 97—101. ; i _

(25) Kuwabara. Y.: Ogawa, H.: Inada, H.: Noma. N.. Shirota,Ad. conductl_ng PEDOT layer was spin coat.e(_j onto th_e ITO-coated
Mater. 1994 6, 677—679. glasse§ in an argon atmosphere. The emitting dendrimer Iayer then

(26) Wang, P. W.; Liu, Y. J.; Devadoss, C.; Bharathi, P.; Moore, J. S. was spin-coated onto the thoroughly dried PEDOT layer using the
Adv. Mater. 1996 8, 237-241. solution (concentration 5 wt %) in monochlorobenzene.

(27) Kwok, C. C.; Wong, M. S.Chem. Mater2002 14, 3158-3166. ! . . .

(28) Weil, T.; Reuther, E.; Mien, K. Angew. Chem., Int. EQ002 41 qu multilayer dev!ces, 2,9-d|methyl-{1,7-d|phgnyl-1,10-phenan-
(11), 1906-1904. throline (BCP) and tris(8-hydroxyquinoline)aluminum (A)dayer

(29) fgrgzg\/},?-‘g\ga'enfam, P.R.L.; Feget, J. M. JChem. Mater200Q were vacuum-deposited using a VPC-260 (ULVAC, Japan) vacuum

(30) (aj Furuta, P. Brooks, J.: Thompson, M. E.:dFret, J. M. JJ. Am. coater a_m_d a CRTM-6000 thlckngss monl_tor (ULVAC, Japan) onto
Chem. Soc2003 125, 13165-13172. (b) Furuta, P.; Foaet, J. M. the emitting dendrimer layer. Finally, LiF (1 nm)/Al (100 nm)
J.,J. Am. Chem. So@003 125 13173-13181. electrodes were deposited onto the Algyer under the same

(31) Halim, M.; Pilow, J. N. G.; Samuel, I. D. W.; Burn, P. 8ynth. Met. condition

1999 102 922-923. . ]
(32) Lo, S.-C.; Male, N. A. H.; Markham, J. P. J.; Magennis, S. W.; Burn, EL spectra of the synthesized compounds were also acquired

P.L.; Salata, O.V.; Samuel, D. VAdy. Mater. 2002 14, 975-979. on an AMINCO-Bowman series 2 luminescence spectromet&f. |

(33) f3°r£'(')|53é;ﬁ?gg$nne’ D.; Calbert, J-P.; Bi#s, J.-L Adv. Mater. 2001, characteristics were measured using an assembly consisting of dc

(34) Satoh, N.; Cho, J.; Higuchi, M.; Yamamoto, &. Am. Chem. Soc. power supply (Hewlett-Packard 6633B) and a digital multimeter

2003 125, 8104-8105. o _ ] (Hewlett-Packard 34970A). Luminance was measured by using a
(35) Comnil, J.; dos Santos, D. A; Crispin, X.; Silbey, R./8as, J.-LJ. Minolta LS-100 luminance meter. The thickness of the dendrimer
Am. Chem. Sod 995 120, 1289-1299. . .
(36) Deb, S. K.; Maddux, T. M.; Yu, LJ. Am. Chem. Sod.997, 119 was determined by a TENCOR P-10 surface profilometer.
9079-9080. When measuring the hole and electron mobilities of the two

(37) Pogantsch, A.; Wenzl, F. P.; List, E. J. W.; Leising, G.; Grimsdale, ; : f . -
A. C.c Millen. K. Ady. Mater. 2002 14, 10611064 dendrimers, we fabricated thick sandwiched samples3.2—4.3

(38) Kramer, C. S.; Zeitler, K.; Muller, T. J. Drg. Lett.200Q 2, 3723 um) using ITO and Al electrodes. Sandwich-type samples of ITO/
3726. dendrimer/Al (300 A) were fabricated for TOF measurements. A
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Scheme 1. Synthesis of 9 (PTZ-Dendrof)
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aKey: (i) phenothiazine, 1-bromohexane, NaH, DMF, rt; (ii) PQCIMF, 1,2-dichloroethane, reflux; (iii) KBu, methyltriphenylphosphonium iodide,
THF, rt; (iv) dibromobenzaldehyde, KOs, TBAB, Pd(OAc), DMF, 100 °C; (v) NaBH,, MeOH, THF, 60°C; (vi) PBr, THF, 0 °C, rt. (vii)
3,5-dihydroxybenzoic acid methyl ester,®0;, 18<crown6, acetone, reflux; (viii) K@Bu, THF, rt.

Scheme 2. Synthetic Procedure of 15 and 16
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aKey:( i) 6-chlorohexan-1-ol, BCOs, KI, DMF, 140°C; (ii) Py, AcO, MC, reflux; (iii) POCk, DMF, 1,2-dichloroethane, reflux; (iv) KOH, THF, reflux;
(v) 2-(2,6-dimethylpyran-4-ylidene)malononitrile, piperidine, 1-propanol, reflux.

transient photocurrent was measured using a commercial TOF setugcoupling reaction offt with dibromobenzaldehyde to produce
(OPTEL TOF-401), equipped with a nitrogen lasér< 337 nm, a light harvesting peripheral dendron. The base-catalyzed
pulse duration= 600 ps) and recorded by a digital oscilloscope hydrolysis produced 1-carboxylic acid substituted PTZ
(Tektronjx TDS3054B). The induced photocarriers were movgd bY branched dendro®) quantitatively. We synthesized two red
the applied voltage between two electrodes, and the decay time ofg iing core dyes that contained either one dihexylami-
the electric current due to the photocarriers drifting through a nophenyl donor or two donors (see Schemel®)and 16

dendrimer film was determined after light illumination was switched . -
off. In this experiment, by changing the polarity of the applied were encapsulated with the PTZ dendrons. Eight PTZ groups

voltage, the hole and electron mobilities can be measured individu- ere attached to two hydroxyl groups in the cifdo yield
ally. Measurement of EL device performance and TOF were @ Second generation dendriméf. Sixteen PTZ moieties

performed in Center for Organic Light Emitting Diode located in were attached to four hydroxyl groups 6 to yield 18.

Seoul National University, Korea. Two reactions were conducted by DCC catalyzed esterifi-
cation. The PTZ dendron and red emitting core were
Results and Discussion connected through a nonconjugated alkylene spacer in order

to isolate the photophysical properties of the two moieties.

General Properties of Dendrimers.The synthetic routes  The newly synthesized dendrimers are well soluble at room

to prepare9, 15, and 16 and two dendrimersl(/ and 18)

can be found in Schemes-B. The syntheses of the PTZ (39) Cho, M. J.;Kim, J. Y.; Kim, J. H.; Lee, S. H.; Dalton, L. R.; Choi, D.
precursor compounds aridwere reported in our previous H. Bull. of the Kor. Chem. S0@005 26, 77-84.

] 8 (40) Zhang, X. H.; Choi, D. H.; Choi, S.-H.; Ahn, K.-Hetrahedron Lett.
work3%40 The synthesis 06 was carried out by the Heck 2005 46, 5273-5276.
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Scheme 3. Synthesis of 17 and 8
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aKey: (i) 15 DPTS, DCC, MC, rt; (ii)16, DPTS, DCC, MC, rt.

Table 1. Electrochemical and Absorption Properties of the
Synthesized Compounds

peak  EXS Jewor  E' HOMO  LUMO

temperature in common organic solvents such as chloroform,
THF, and chlorobenzene; they display good self-film forming

properties. sample (V) (V)  (m) (V)  (eV) (V)
The glass transition temperaturéel§ {alues) of the two ga 061 053 435 285 -493  -207
dendrimers obtained by DSC are 786 for 17 and 83.5 1% 084 074 546 227 —5.32 —2.87
°C for 18. No discernible melting behavior up to 29C ¢ 079 072 588 211 512 -3.02
. . 1.37 087 554 224 -527  —3.08

was observed in the DSC thermograms of these dendrimers. g 118 085 600 207 -525  —320

Electrochemical Analysis and Absorption Spectros-
copy: Molecular Energy Levels of the Compounds.
Electrochemical analysis was performed to determine the the UV—vis absorption edges are 2.24 eV fbf and 2.07
redox ionization potentials of the synthesized compounds. eV for 18 (see Table 1). The optical band gapléfis slightly
The oxidation and reduction potentials are closely related to smaller than that ofl5. Because the core moiety is
the HOMO and LUMO levels of the analyzed compounds. incorporated into the PTZ dendron via an alkylene unit, the
They can thus provide important information on the energy overall band gap energy of each dendrimer was not affected
transfer process. Cyclic voltammograms were recorded onsignificantly. Based on the measured energy levels of the
a film sample, and the potentials were obtained relative to compounds, we also confirmed the energy transfer facilitated
an internal ferrocene reference (FcflrcThese CV scansin  from the PTZ dendron to the emitting core via the near-
the range of~2.0 V to +2.0 V (vs Ag/AgCl) range show resonance of the energy levels of the energy donors and
quasi-reversible oxidation peaks and irreversible reduction acceptors.
peaks. The dendrorg 15, and16 in acetonitrile have one In order to deconvolute the absorption spectral properties
quasi-reversible oxidatiorEf;>®) at 0.53, 0.74, and 0.72 V,  of the two dendrimers, it is necessary to study the absorption
respectively. Unfortunately, the reduction potentials were property of the individual compounds (i.&8, 15, and 16)
irreversible; therefore, we were unable to estimate their separately. Figure 1 illustrates the absorption specti@ of
HOMO and LUMO energies accurately. In order to deter- 15, 16, 17, and18 both in chloroform solutions (A) and in
mine the LUMO levels, we combined the oxidation potential thin films (B) on fused silica glass. In the solution state, the
in CV with the optical energy band ga;ng“) resulting PTZ dendron8, has a maximum absorbano@lbfx) at 376
from the absorption edge in an absorption spectrum. The nm with an extinction coefficient of 70 000 M cm™2. 15
HOMO levels 0of8, 15, and16 were determined to be4.93, and 16 exhibit a maximum absorbance at 482 and 497 nm
—5.32, and-5.12 eV, respectively (see Table 1) Since two with the extinction coefficients of 40 000 and 50 000 M
dihexylaminophenyl donor groups are presentli) the cm™L, respectively. Each dendrimer exhibits distinct dual
HOMO level decreases, which is also observed in the HOMO absorption maximas in the film state: one at around 386
levels of the other two dendrimers. Accordingly, the optical nm and the other over a longer wavelength region (488 nm
band gapsHj values) of the two dendrimers estimated from for 17, 506 nm for18), which are attributed to the—n*

a Solution stateP Film state.



46 Chem. Mater., Vol. 19, No. 1, 2007 Kim et al.

10 L0

(e)

\ /7 A 0

€ (x10~ M'cnr?)

Absorbance(Arb. Unit)

0 T T T y T ——y
350 400 450 500 550 600 650

Wavelength (nm) Wavelength (nm)

Figure 1. UV —vis absorption spectra of the PTZ dendron, core dyes, and the dendrimers. (A) Solution (concentratioh0120M). The absorption
coefficients of the two dendrimers were multiplied by 0.4 for a good comparison. (B) Film. Sampl8; ((8)15, (c) 16, (d) 17, (e) 18.
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Figure 2. UV—vis absorption and PL spectra 8fand the core dyes in a solution state. (A) 8)b) 15. (B) (a) 8, (c) 16. Inset: PL spectrum o8 and
absorption spectra df5 and 16 in a film state. Sample: (&, (b) 15, (c) 16.

transitions of8 and the transition from the core d§e*? of 400 nm display two characteristic emission bands at about
Absorption and Photoluminescence Spectroscopy of the 500 and 580 nm forl7 and 620 nm forl8. The weak

Two Dendrimers. The solution PL spectrum & and the emission at 500 nm is considered to originate from the PTZ
absorption spectrum of a core dye were superimposed anddendron, and the strong emission at 580 nm is the result of
are represented in Figure 2 (A5, B: 16). From this figure, the energy transfer from the PTZ dendron to the core dye,
it is clearly evident that the emission spectrum&#and 15. It is noted that the coupling of the PTZ moiety and the
absorption spectrum of a core dye overlap favorably, which core dye to form an energy doreacceptor complex nearly
enables an efficient Fster energy transfer. Furthermore, a quenches the emission of the PTZ moiety. Furthermore, a
large energy difference between the absorption and PL more drastic PTZ emssion quenching and consequently an

maximum wavelength of the PTZ dendron over 100 nm increased transfer efficiency are observed in the film sample.
assists in the minimization of the simultaneous excitation of

the donor and acceptor moieties. This large energy difference A_‘S _Sho:an mhF'%‘_'rr; (?B’dm the two den%r(;?er f.|Irrr]1$, no
is believed to originate from the large conformational change emission rom_t € endron appears Z_it nm. NOWEver,
between the ground and excited states. only a red emission from the core units is observig (s
For a clear comparison, we have introduced the inset figure 598 nm forl7 anq 630 fm for1-8). These result;. can be
for the absorption spectra af5 and 16 and emission explained by easier exciton migration or effective energy
spectrum ofg using spin-cast films in Figure 2B. A larger transfer from the PTZ dendron to the lower energy sites

overlap in 16 was observed, which implied a higher containing the core dy&:*344This implies that the energy
efficiency of energy transfer a8, transfer is much faster than the radiative decaying process

As shown in Figure 3A, the PL spectra of the dendrimers
obtained in chloroform solutions at the excitation wavelength (43) Klamner, G.; Lee, J.-1.; Davey, M. H.; Miller, R. DAdv. Mater. 1999

11, 115-119.
(44) (a) Lee, J.-1.; Klaerner, G.; Davey, M. H.; Miller, R. Bynth. Met.
(41) (a) Chen, C. H.; Shi, J.; Tang, C. Wlacromol. Symp1997, 125 1999 102 1087-1088. (b) Cho, N. S.; Hwang, D.-H.; Lee, J.-I.; Jung,
1-48. (b) Jung, B.-J.; Yoon, C.-B.; Shim, H.-K.; Do, L.-M.; Zyung, B.-J.; Shim, H.-K Macromolecule®002 35, 1224-1228. (c) Huang,
T. Adv. Funct. Mater.2001 11, 430-434. (c) Kim, J. H.; Lee, H. J.; Niu, Y.; Yang, W.; Mo, Y.; Yuan, M.; Cao, YMacromolecules
Chem. Mater2002 14, 2270-2275. 2002 35, 6080-6082. (d) Lee, J.-I.; Zyung, Y.; Miller, R. D.; Kim,
(42) Peng, Q.; Lu, Z.-Y.; Huang, Y.; Xie, M.-G.; Han, S.-H.; Peng, J.-B.; Y. H.; Jeoung, S. C.; Kim, D. 1. Mater. Chem200Q 10, 1547~

Cao, Y.Macromolecule004 37, 260-266. 1550.
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Figure 3. Photoluminescence (PL) spectra of the PTZ dendron and two dendrimers in a solution (A) and a film state (B). SarBplg) 1d) (c) 18.

Table 2. Measured and Calculated Parameters for the Synthesized Compounds

absorption photoluminescence
dipole Tm Ty solution e(x 104 film solution film
sample moment (D) (°C) (°C) (A2 nm) M-1cm?) (A2 nm) (AP, nm) (AP, nm)
8 2.7 71.0 376 7.0 385 505 498, 528
15 8.9 62.0 482 4.0 485 580 650
16 9.7 175.0 497 5.0 500 620 650
17 78.5 382, 485 15,4.0 386, 488 500, 580 598
18 83.5 382, 498 24,5.0 386, 506 500, 620 630
a Calculated values.
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Figure 4. Time-resolved PL signal profiles of two dendrimers: (A) in a chloroform solution and (B) in a film state. Excitation at 400 nm and PL decay
monitored at the corresponding PL maximum wavelength. Sample8, (&) 17, and (c)18.

of the PTZ dendron. The parameters obtained from the Table 3. PL Decay Lifetime of 8, 17, and 18 in a Solution and in a

Film State
absorption and PL studies are summarized in Table 2. —
o j . Adet(nm) lifetime, 7 (ps)
PL Kinetics for the Two Dendrimers. Time-resolved PL - - - -
. . . . sample solution film soluticH filma
spectroscopy was employed to obtain additional information o e A106 e
on the energy transfer dynamics of the two dendrimers. 17 530 508 1038 655

Figure 4A presents the PL decay profileslof and 18 in 18 620 630 1661 1013

chloroform solution at the detection wavelengths of 580 and . Uncertainty is£ 5% of the measured valueAverage lifetime of the

620 nm under an excitation at 400 nm. We also attempted two-exponential decage; (nm) = detecting wavelength.

to measure the PL emission at 500 nm originating from the

PTZ dendron as well. However, the PL intensity at 500 nm (8) is smaller than or comparable to those of the core dyes

was quenched substantially. Figure 4B displays the PL decayboth in solution and the film state.

profiles of the dendrimer films monitored at 598 and 630  On close examination, it is observed that the PL decay in

nm where the fluorescence is originated from the core a solution state shows two decay components. This is likely

moiety. The observed decay profiles fitted well with the to occur due to the minor simultaneous excitation and the

single- or double-exponential decay functions for calculating decay channel of the PTZ dendrons under an excitation at

the life time. 400 nm, in addition to the major emission channel from the
In Table 3, the fitted results of the analyses are summarizedcore dyevia energy transfer from the PTZ dendron.

for the PTZ dendron and the dendrimer samples either in a Figure 4B displays the PL decay profiles bf and18in

solution or in a solid film. Figure 4A,B and Table 3 clearly thin films. In contrast to the solution sample, the PL decay

demonstrate that the PL decaying rate of the PTZ dendronfor a thin film exhibits a monoexponential behavior. This is
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Figure 5. EL spectra of multilayered devices. (AY. (B) 18. Dotted line: corresponding PL spectrum in a film state.

due to the negligible PTZ donor emission and also due to 11 _ '

the increased efficiency of energy transfer on solid formation.
It is considered that the enhanced energy transfer originates
from the high density and restricted conformation of the
molecules in a solid, which tends to fix the spatial locations 7 {
of the PTZ and core dyes at a more favorable geometry for @ o1
energy transfer. The longer lifetime (1013 ps) of the larger & a Cum,m“limmw} '20
dendrimer at 630 nm is mainly because of a higher shielding € 0.01 1 ‘_‘t‘
effect provided by a larger number of PTZ dendrons than 5 : Y
those in17. © oot
The dendrimer film samples exhibit much smaller PL o000 f—®
lifetimes when compared with those of the chloroform 1
solutions. The reduction in the excited-state lifetime of the Voltage (V)
films is due to the various fast radiative and nonradiative Figure 6. Dependence of current density and luminance on the electric
. . . . field, Inset: external quantum efficiency of a multilayered EL device with
decay channels available for the solid-state samples in solidy,e ¢yrrent density. Sample: (a7 (circle), (b) 18 (triangle).
states, such as exciton trapping by defect sites via enhanced
interchain interaction®3545 line in the figures. No trace of emission from the Algyer
Electrical and Electroluminescence PropertieswWe used was observed in the two spectra. The EL spectra are quite
two dendrimers for light emitting diodes (LEDs) as the similar to the PL spectra, suggesting that the same excited-
emissive materials in multilayered devices. Poly(ethylene state species is responsible for both the PL and EL emissions.
dioxythiophene):poly(styrene sulfonic acid) (PEDOT:PSS) At all forward bias voltages, only the characteristic orange-
thin film was deposited on indium tin oxide (ITO) as the red or red emissions of7 and 18 with a maximum EL
anode for facilitating hole injection and the dendrimer was emission at 590 and 622 nm are observed. As the voltage
coated on it as an emissive layer. A thin film of 2,9-dimethyl- increases, the emission mainly originates from the core
4,7-diphenyl-1,10-phenanthroline (BCP) with a thickness of emitting dyes. By comparing the variation of thg.,
10 nm was subsequently vapor deposited on the dendrimerprecisely, we were able to observe that the smaller dendrimer
as a hole blocking material to confine exciton recombination 17 shows a slight blue-shift by 10 nm&ﬁ;x from 10 V to
and limit the loss of the faster moving holes to the cath- 21 V). On the other hand, the stability of mééx for 18is
ode?*4 This was followed by the sequential deposition of much better, exhibiting a variation of only 5 nm variation
a 40 nm electron injection layer of tris(8-hydroxyquinoline) in the voltage range of £325 V. This could be attributed
aluminum (Alg)*® and a LiF(1 nm)/Al electrode sequentially.  to the higher shielding effect with the higher density of the
We found that the EL device with BCP/AJdayers were  pTz dendron in18 and reduction in the intermolecular
much more efficient than those without these layers. interaction between the core dyes.
Figure 5 shows the EL emission spectra of devices with  Another characteristic feature of these EL spectra is that
17 (A) and 18 (B) at varying forward bias voltages. The PL  no leakage of holes into the BCP and Alayers diminishes
spectrum of each dendrimer is also indicated by a dottedthe blue/green emission. This indicates that the exciton
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Figure 7. Double logarithmic plots of transient photocurrent at®5 Arrows indicate the transit time for each carrier drifting. ITO/dendrimer-<3.3
um)/Al (~100 nm). (A)17. (B) 18.

recombination zone is located in the emitting dendrimer %"
layer. BCP is crucial for confining the charge recombination @
in the emissive layer of the dendrimer and preventing from 10° 1 ,.//'/ ®)
undesired emissions from AldWhen the EL spectrum was g ,'/_,_,./-*"4‘,.,/1'/4
converted into chromaticity coordinates on the CIE 1931 T 108 1 /
diagram, a highly saturated red emission frdi@ was o
obtained x = 0.64,y = 0.34), which is almost consistent £ 107 A, 18 B @
with the National Television System Committee (NTSC) & /u/“”'
standard for red colox(= 0.67,y = 0.33). The coordinates = 10 - /
of the smaller dendrimef7, which displays orange-red /o/‘
emissions, arg = 0.58 andy = 0.41. 10¢ 4

The currentvoltage and luminaneevoltage curves of the
two dendrimers are shown in Figure 6. The turn-on voltages  1¢-1 : : . :
(electric fields) of the two LEDs were in the range of 4.7 800 900 1000 1100 1200 1300
4.8 V. The voltages were almost identical due to the close E12(V/cm)12

prOX|m|ty_of the HQMO energy levels of the tV\_IO dendrimers. Figure 8. Electric field dependence of carrier mobilities for two dendrimers.
The maximum brightness of the LEDs was in the range of pgje mobility: (a)17, (b) 18. Electron mobility; (a) 17, (b) 18.

490 cd/n? (at 254 mA/cm) for 17 to 201 cd/m (at 321

mA/cn) for 18. The larger dendrimer had a lower luminance Worth proving this by a precise hole and electron mobility
value as an effect of the longer emission wavelength of the measurement. This could be confirmed by the direct mea-
core® The inset figure displays the dependence of the surements of the electron/hole mobilties using the TOF
external quantum efficiency on the current density for two technique.

dendrimer EL devices. The maximum external quantum We investigated the transient photocurrent of the den-
efficiencies ofL7 and18 EL devices were determined to be drimer sample with a 3:24.3 um electrode distance by
0.35% (at 0.31 mA/cf) 0.58 cd/A, 0.38 Im/W and 436 Measurement in the electric field. The optical densities of
cd/n?) and 0.58% (at 0.24 mA/cin0.40 cd/A, 0.29 Im/w 17 and 18 films were 41100 and 43300 crh at a
and 175 cd/r). It should be noted that the smaller dendrimer, Wavelength of 337 nm from the Naser. This result shows
17 device clearly showed a lower efficiency than the larger that the carrier transport df7 is slightly more dispersive
dendrimer18 device unequivocally at a relatively lower than that of18. The double logarithmic plots to determine
current density. In a higher electric field, a quenching effect the transit time t) are illustrated in Figure 7. The transit

was induced that was observed to reduce the efficiency. _time was determined by using the software loaded in the
instrument.

the opposite carriers is important for achieving improved In F?gure 7, the representative transient photocurrents from
efficiencies of EL devices. Although the difference between th? drift g_fﬁthe holeband elecr:rorr: ?t 113 I\I/IV/ m are shown.
the external quantum efficiencies is not so significant, it is ~* larger difference between the hole and electron transit time
in 17is noticed in comparison to that 8. Such a difference

between the transit times implies the presence of unbalanced

It is also well-knowR° that a balance in the mobility of
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carrier flows, rendering the recombination region close to energy transfer or exciton migration from the PTZ dendron
the cathode, where a high density of quenching centers orto the acceptor moieties. The molecular architecture of the
carrier traps is located. For instance, we determined the transitdendrimer with a PTZ dendron and a core unit suppresses
times and drifting hole mobilities df7 and18at 113 MV/m an undesired short wavelength emission and leads to a
as 5.51x 102 ms (5.32x 1078 cn?/Vs) and 2.01x 101! stabilized emission from these dendrimers due to rapid
ms (2.42 x 106 cn?/Vs), respectively. Using the same energy transfer from the light harvesting dendron to the core
method, we also measured the hole/electron mobilities of unit.
the two dendrimers with the applied electric field. When we fabricate multilayered devices by inserting a thin
In Figure 8, the hole and electron drifting mobilities are layer of electron injecting Alglayer and hole blocking BCP
plotted as a function of the applied voltages. While the hole layer between the emitting dendrimer layer and the cathode,
mobility in 18is much lesser than that itV and the electron ~ we observe a significant improvement in the EL efficiencies.
mobility is more than two times than that kv. Thus, 18 The EL quantum efficiency of dendrimer devices largely
exhibits a considerably improved balancing of the charge increases with increasing the concentration of the light
carrier transport tharl7, which functions to move the harvesting PTZ moiety. This was clearly demonstrated by
radiative region away from the interface where the quenching the TOF experiment. Our work unambiguously demonstrates
centers are abundant. This explains the enhanced externathe complete utilization of the dendrimers that take advantage
guantum efficiencies inl8. of the excited energy transfer fully utilized for fabricating
better EL devices.
Conclusion
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