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MOLECULARLY DOPED LIQUID CRYSTALLINE POLYMER AS A 
HOLE TRANSPORT LAYER IN ORGANIC ELECTROLUMINESCENCE 
DEVICE 

L. S. PARK, S. N. LEE, Y. S. HAN, AND K. S. SHIN 
Department of Polymer Science, Kyungpook National University, Taegu, 
Korea 

Abstract Organic thin film electroluminescence devices were fabricated by 
molecularly doped method with N,Nf-Diphenyl-N,N’-bis(3-methylpheny1)-l ,1’- 
biphenyl-4,4‘-diamine (TPD) as a hole transport agent, tris(8-quinolinolato) 
aluminium(II1) (Alq3) as an emitting and electron transport agent, and 
poly(methy1 methacrylate) (PMMA), polycarbonate (PC), side chain liquid 
crystal polymers (SCLCP) and copolymer as matrix for TPD. The effect of 
polymer matrix and hole transport layer fabrication method on the 
electroluminescence characteristics were examined. The highest intensity and 
stability of EL device was obtained by film casting method using 
dichloroethane as a solvent at a polymer/TPD concentration of 0.005 wt% and 
evaporation temperature of 30 ’ C. The electroluminescence intensity increased 
in the order of PMMA<PC<SCLCP as polymer matrix. The luminance started 
at voltage as low as 3 V and reached the maximum luminance of 756 cd/m2 at 
11 V in the EL device consisted of ITO/SCLCP:TPD/Ale/Mg 
(SCLCP/TPD=30/70 by wt). 

Electroluminescence(EL) devices based on organic materials are of great interest 
due to their possible application as large-area light-emitting displays which are 
operative at low drive voltages.’” Generation of light in the cells is the result of 
combination of holes and electrons injected through the electrodes. A good 
performance of the EL cell was achieved by the insertion of a hole transport layer 
and/or an electron transport layer between the electrode and the emitting layer as 
shown by Tang and VanSlyke4 and Saito et. al.’. One of the problems in the 
organic EL cell is the short life time compared to the inorganic EL cells.4 This 
may be caused by the repeated crystallization of organic materials, destroying the 
contact between thin layers. A hole transport agent molecularly dispersed in a 
polymer matrix has been used to improve the life of organic EL c e l l ~ . ~ ”  In this 
study, we report the use of side chain liquid crystal polymers(SCLCP) as polymer 
matrix in hole transport layer and their effect on the resulting EL cells. 
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338 L. S. PARK et al. 

EXPERIMENTAL 

Material 

4-Hydroxy-4'-cyanobiphenylY 6-bromo-1-hexanol, methacryloyl chloride, and 
triethyl m i n e  (TEA) for the preparation of mesogenic monomer were Aldrich 
Chemical's regent grade and used as received. Methyl methacrylate (MMA), 
dichloromethane (DCM), dichloroethane (DCE), and tetrahydrofuran (THF) were 
distilled with calcium hydride. AIBN initiator from Wako Chemical was purified 
by recrystallization from methanol. NyN'-Diphenyl-N,N'-bis(3-methylphenyl)- 
l,l'-biphenyL4,4'-diamine (TPD) as a hole transport agent, and tris(8- 
quinolinolato)aluminium(III) (Ale) as a emitting and electron transport agent were 
from Tokyo Chemical Industry Company and used as received. Magnesium (assay 
99.9%) was purchased from High Purity Chemical Company. Polycarbonate (PC) 
was obtained from General Electric Co. and purified by precifitation. 

The synthesis of mesogenic monomer(MC) and corresponding side chain liquid 
crystalline homopolymer(MCH) and copolymer (MCC) are shown in Fig. 1. 

H-CN + HO(CH2)6Br - KlC% 

ErOH -. - 
4-Cyano-4'-hydroxy-biphenyl 

y 3  

Ho(cN)o-+-@cN + cH,=? 

c=o 
CI 

4-(Hydroxyhexyloxy)-4'cyanobiphcnyl I 

Methacryloyl chlorid 
7 4  - TEA 

THF 
c H, = c - c o o ( c H , ) , O ~  c N 

0-5 o c 4-[w-(2-methyloropenenoxyloxyl)hexyloxy]~'~~obiphenyl(MC) 

Homopolymer & C H 2 - { H q  
(MCH) C O O ( C H , ~ - O ~ C N  

Cot+mer +CH2-yH+cH2-yH& 

( M W  COOCH, X COO(CH&,-O-CN 

FIGURE 1 Synthesis of mesogenic monomer and side chain liquid crystalline 
polymers 

4-(Hydroxyhexyloxy)-4'-cyanobiphenyl was prepared by refluxing 4-hydroxy- 
4'-cyanobiphenyl(5.00 g) and K2C03 (5.00 g), and 6-bromo-1-hexanol (5.00 g) in 
ethanol (90 mL) for 24h. The reaction mixture was filtered hot, and the filtrate was 
poured into water. The crude product was collected by filtration and recrystallized 
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MOLECULARLY DOPED LCP AS A HTL IN ORGANIC ELD 339 

from benzene. 
4-(Hydroxyhexyloxy)-4'-cyanobiphenyl (7.00g) and methacryloyl chloride 

(3.71g) was reacted in dry THF (160 mL) with triethylamine (3.838) as catalyst at 
5 "C overnight. The resulting mesogenic monomer (MC) was purified by 
recrystallization from methanol. The mesogenic monomer had T, = 74-75 "C (by 
DSC), M' ( d e )  = 363.2 and elemental analysis data of C(75.51%), H(6.96%), 
N(3.84%) found and C(76.01), H(6.93), N(3.85%) theoritical. The synthesis of 
MCH and MCC polymers were conducted by free radical polymerization with 2,2- 
azoisobutyronitrile (AIBN) initiator in THF solution at 60 "C under N2 atmosphere. 
The monomer concentration was 15 % by wt. and initiator (AIBN) was 0.3 mol% 
based on monomer. The polymers were purified by precipitation twice in methanol 
and vacuum dried. 

EL D e v k  

Indium-tin-oxide coated glass with a sheet resistance of 30 nl0 and thickness of 
1.08 nm was cut into 2.5 cmX2.5 cm and the electrode area was etched by 
electrolysis method using NaOH aqueous solution (35 wt%). It was cleaned in a 
ultrasonic bath in acetone, methanol, and mixture of isopropyl alcohol and water 
(1 : 1). Hole transport layer was formed by film casting method, i.e. 0.005 %(wt) 
DCE solution of polymer/TPD (polymer/TPD=30/70 wt %) was distributed evenly 
onto an ITO-coated glass, and then solvent was vaporized in a petri dish at 30 C 
for 8h. A l e  thin film was deposited onto the hole transport layer (size lcmxlcm) 
with thickness 500 A using vacuum evaporator at 3-5 &sec rate. Finally Mg was 
vacuum deposited on the A l e  layer (diameter 0.7 cm) with 4,000 A thickness at 20 
k s e c  rate. The completed EL device and structure of TPD and A l e  are shown in 
Fig. 2. 

EL device 

CH @ 
TPD 
a CH, 

A h  

FIGURE 2 EL device and structure of TPD and A l e ,  

The NMR spectra of monomer and polymers were taken on a Bruker 300 MHz 
H- NMR spectrometer. The molecular weights of the polymers were obtained by 1 
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340 L. S. PARK et al. 

Waters gel permeation chromatograph (GPC) using THF as eluent against 
polystyrene standards. Current and luminance were measured with Model 8902A 
Digital Multimeter (Hyun Chang Product Co. Ltd), and Minolta Luminance Meter 
LS-100 equipped with close-up lens (No. 110, + 40.5mm) at room temperature, 
respectively. Photoluminescence was measured with fluorospectrophotometer RF- 
100 (Shimadzu) in DCE solvent. Electroluminescence was measured with Optical 
Multichannel Analyzer (EG & G, USA) equipped with OMA4 CCD detector. 

The synthesis of side chain liquid crystal polymers and molecular weights of other 
two polymers, PMMA and PC also used as matrix for TPD are shown in Table 1 .  
The number average molecular weights of polymers ranged from 8,800 to 62,000 g 
mor ' with corresponding polydispersity indices of 2.33-5.47. The copolymer 
compositions of MCC samples were nearly same as those of monomer feed. 

bv F- 

Hole transport layer containing TPD as hole transport agent was formed on the IT0 
glass by slow evaporation of solvent at constant temperature. The weight ratio of 
TPD to polymer was 1:l and the concentrations of polymer/TPD in different 
solvents were varied in the range of 0.14.005 wt %. When DCM was used as 
solvent and evaporated at 20 "C, the EL device gave weak luminance with many 
black dots at 5-10 V. The cell was destroyed above 10 V, indicating pin hole 
formation due to rapid evaporation of solvent. With DCE as solvent the optimum 
condition appeared to be 0.005 wt% polymer/TPD concentration and evaporating 
temperature 30 OC over 8 hr period. EL cells gave consistant electroluminescence 
over all the area under metal electrode. 

TABLE 1 Synthesis and characterization of side chain liquid crystal polymers 

Polymer Feed R@io Co- Data 
Sample MC:MMA MC:MMA M,x104 M,x104 PDI 

(mol%) (mol%) 
MCH 100 : 0 100 : 0 0.88 2.05 2.33 

MCC-1 66.7 : 38.3 68.4 31.68 1.80 7.20 4.00 
MCC-2 50:SO 55.3 : 44.7 6.20 33.9 5.47 

MCC-3 16.7 : 83.3 11.4 : 88.6 1.51 5.95 3.94 
PMMA - 4.88 8.92 1.83 

PC 2.74 5.04 1.84 
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MOLECULARLY DOPED LCP AS A HTL IN ORGANIC ELD 34 1 

Fig. 3 shows the luminance-voltage curves of three EL cells with different polymer 
matrix in the hole transport layer. Luminance started at voltage as low as 3 V. The 
maximum luminance values of 756 cum2 for MCH, 615 cum2 for PC, and 190 
cdm2 for PMMA were obtained at 1 1 V with current density of 81.7 mA/cm2 for 
MCH, 290.0 mA/cm2 for PC, and 387.0 mA/cm2 for PMMA. The liquid 
crystalline polymer (MCH) showed hightest luminance at lowest current density. 

Pc 
PMMA 

/ 

0 ,  , =  
0 2 4 6 8 1 0 1 2  

Volc.gc(V) 

Figure 3 Luminance-voltage characteristics of ITOTTPD:Polymer/AlqJMg 
cells ; 0 MCH, PC, A PMMA as polymer matrix in the hole 
transport layer. 

The effect of MCC copolymers on electroluminescence is shown in Fig. 4. 
As the content of MMA repeat unit increased the luminance decreased, 
indicating the positive effect of liquid crystalline polymer as matrix in the 
organic EL device. Kido and coworkers reported that PC gave higher 
luminance than PMMA as matrix material and suggested that close packing of 
hole transport agent (TPD) might help high luminance. It seemed that 
incorporation of well organized liquid crystalline polymer as matrix might 
allow even favorable configuration of planar hole transport agents and also 
effective blocking of electrons to the opposite (ITO) electrode. 

400 

G 300 

5 
i 200 
E 3 100 

0 

I 

0 2 4 6 8 1 0 1 2  
Voltage(V) 

FIGURE 4 Luminance-voltage characteristics of ITO/TPD:Polymer/Alq&lg 
cells ; 0 MCH, H MCC-1, A MCC-2, V MCC-3 as polymer 
matrix in the hole transport layer 
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342 L. S .  PARK et al. 

1 @)EL 1 
i 
I 
3 
H r i  

300 400 500 600 700 

Wavclcngth(nrn) 

FIGURE 5 Photoluminescence(PL) spectrum of (a) TPD and (b) A l e  and 
electroluminescence(EL) spectrum ITO/PMMA:TPD/Ale/Mg 
EL cell(c). 

Fig. 5 shows PL spectra of TPD and A l e  in DCE solvent and EL spectrum of 
EL device(ITO/MCH:TPD/Alq-,/Mg) together. The overlap of photoluminescence 
peak maximum of Alq, with electroluminescence peak maximum at about 5 14 nm 
suggests the electroluminenscence originates from A l e  layer. 

CONCLUSIONS 

Fabrication of organic ELD’s by film casting method with different polymers as 
matrix in the hole transport layer gave the following results. 
(i) The optimum condition for film casting method was as following ; polymer 
matrix/TPD = 30/70 (wt%), concentration = 0.005 wt%, solvent : dichloroethane, 
film casting temperature : 30 C O , (ii) EL intensity was increased in the order of 
PMMA<PC<SCLCP as matrix polymer in the hole transport layer (iii) In the case 
of SCLCP’s as matrix polymer, EL intensity increased in the order of MCC- 
3cMCC-2<MCC-l<MCH (iv) From the comparision of EL and PL spectra, 
luminescence was caused by the A l e  layer in the EL device. 
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