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Introduction. Bunoughes et al.' fmt demonstrated 
the light-emitting property of poly@-phenylenevinylene) 
(PPV) by fabricating a green-light-emitting diode (LED) 
using this polymer in the emitting layer. Since then a 
number of polymer LEDs have been reported, using 
different conjugated polymers"*l emitting in various 
portions of the vieible spectrum. For several reasons, a 
polymer emitting blue light is particularly desirable."' 
To date only poly(~lfluorene)~and poly@-phenylene) lo 
(PPP) have been reported to have such properties. It was 
conceivable that shortening the effective conjugation 
length of PPV would be one of the effective means of 
shifting the emission spectrum from green to blue because 
of the anticipated larger band gap. Burn et a l a 5 s 6  have 
indeed shown that light from partially eliminated PPV 
was slightly blueshifted relative to the emission of the 
'hormal" material. However, because of the presumably 
random distribution of the conjugation lengths in these 
PPV derivatives, the emitted light was still essentially 
green. In this paper, we discuss the concept of designing 
PPV-based copolymm with a blue-lighbemitting property 
based also on the knowledge that low molar mass conju- 
gated organic moleculee with photoluminescence maxima 
in the blue region often show parallel electroluminescence 
around the same wavelengthl2J3 and that small molecules 
can be blended into an inert polymeric matrix to make a 
liiht-emitting layer in a LED device.14 Thus, we specif- 
idysynthe&dacopolymer containing altematingrigid 
and flexible blocks in which the former have a molecular 
structure analogous to the appropriate low molar mass 
conjugated molecules while the latter are blocks of 
polyethylene. The rigid blocks of specified and uniform 
conjugation lengths are crucial to the tailoring of the band 
gap of the electronic transition which determines the light- 
emitting epectrum. The flexible blocks, on the other hand, 
contribute to the solubility and film-forming propertiee 
of the polymer. The advantages of such a copolymer over 
a small molecule/inert polymeric matrix blend lie addi- 
tionally in ita homogeneity and the prevention of recrys- 
tallization or elution of the small molecules within the 
matrix. 
The synthetic strategy (Figure 1) displays the chemical 

reaction scheme that was used to synthesize the copolymer 
and is based on these concepts. 

The block copolymer was synthesized by using a Wittig 
reaction between the appropriate dialdehyde and 1,4- 
xylylenebis(triphenylpho8phonium chloride) as shown. It 
forms homogeneous solutions in THF and chloroform from 
which transparent films can be cast. The films have good 
mechanical properties and are slightly yellow in thick 
section. It was found that this polymer indeed emits blue 
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Figure 1. Reaction scheme for monomer and copolymer 
syntheses. 

light, with a maximum peak in the electroluminescent 
spectrum at 466 nm. 

Experimental Section. Synthem of Dioldehyde 
Monomer and Polymer. 1,2-Bis(4-formy1-2,~eth~- 
yphenoxy)octane (3): A solution of 3.64 g (0.02 mol) of 

mol) of l,&dibromooctane in 160 mL of DMF was stirred 
and heated to reflux. A total of 3.0 g (0.022 mol) of 
potassium carbonate was added in portions. The solution 
was stirred and refluxed overnight after the addition. The 
resulting mixture was poured into 2 L of &tilled water. 
The precipitate was collected after standing 4 4 dried in 
air at ambient temperature, and recrystallieed fiom 
ethanol. The yield of dialdehyde was 3.76 g (79% with 
a mp 87-88 "C. lH NMR: 6 9.86 (e, 2 H, -CHO), 7.12 (e, 
4 H, Ph), 4.06 (t, 4 H, -OCHr), 3.91 (8, 12 H, -OCHs), 
1.75, 1.46, 1.36 (m, 12 H, -CH&H2)6-). Elem anal. 
Calcd: C, 66.81; H, 7.22. Found C, 66,43; H, 7.20. 

Poly[ 1,8octanedioxy-2,6-dimethoxy-l,4-phenylene- 
1,2-ethenylene-l,4-phenylene-l,2-ethenylene-~,S-di- 
methoxy-1,4-phenylenel (6): To a stirred solution of 2.37 
g (0.005 mol) of the dialdehyde (3) and 3.60 g (0.006 mol) 
of 1,4-xylylenebis(triphenylphoephonium chloride) (4) in 
100 mL of anhydrous ethanol and molecular sievedried 
chloroform (3/1) was added dropwise at ambient tem- 
perature a solution of 0.28 g (0.012 mol) of sodium in 16 
mL of anhydrous ethanol. The mixture was stirred for 4 
h after the addition, and then 6 mL of 2% hydrochloric 
acid waa added. The pastelike product waa collected and 
thoroughly washed with ethanol/water (3/1) to remove 
the byproducta triphenylphoephine oxide and NaC1. It 
wassubeequentlyieome~intoanall-tnursconfisuratian 
by refluxing for 4 h in toluene in the presence of a catalytic 

4-hydroxy-3,&dimeth0~y~~dehyde and 2.72 g (0.01 
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Figure 2. FTIR spectra of the dialdehyde monomer 3 (a) and 
of the copolymer 6 (b). 

amount of iodine. After removal of the toluene, the 
product was dieeolved in 10 mL of chloroform. The 
solution was slowly added to 200 mL of 90% ethanol to 
purify the copolymer by precipitation. The solid polymer 
product was dried in a vacuum oven at 40 "C at 0.2 mmHg 
for 1 week to give 2.46 g (90%) of copolymer 5. GPC 
measurement with polystyrene as the calibration standard 
shows a relative molecular weight of 34 OOO, diepersity 
2.0. Elem anal. Calcd: C, 74.97; H, 7.40. Found: C, 74.00; 
H, 7.46. 

A structurally analogous low molar mass molecule 6 was 
synthesized according to the procedure described else- 
where16 and was used in a comparative study. 

CH34 , F 3 3  

C H 3 O o C H  trans C H O C H  trans = C H - @ C H 3  

'WH3 6 

Characterhation of the Disldehyde and Polymer. 
The lH NMR and l9C NMR spectra (see below) were 
obtained on Varian XL-300 and XL-200 spectrometers, 
respectively. The samples were dissolved in CDCls; 
chemical shifts shown are referred to TMS. GPC mea- 
surements were performed on a Waters Model 500 with 
a Waters 416differential refractometer and a Waters data 
module 730, using THF as solvent. Polystyrene standards 
(Polymer Laboratorim Ltd., U.K.) were u88d for calibra- 
tion. DSC measurement was performed on a Perkin-Elmer 
DSC-7. Elemental analyses were carried out by the 
Microanalysis Laboratory of the University of Masea- 
chueetts, Amherst, MA. The W spectra were recorded 
on an IBM 9420 W-vis spectrophotometer. Photolu- 
minescence (PL) and electroluminescence (EL) spectra 
were obtained using a Perkin-Elmer MPF-66 fluorescence 
spectrophotometer. 

Fabrication of the LED Device. A solution of the 
copolymer 6 in CHC1-a was filtered and spin-coated on a 
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Figure 3. (a) 'H NMR and (b) '9c NMR spectra of copolymer 
6. 

PPm 

precleanedglaeesubetra~coveredwithanITOconducting 
layer. Typical thickneeees of the copolymer f h  were 
30-80 nm. The film was dried in vacuum, and aluminum 
electrodes were evaporated onto it in a vacuum of ca. 
1V-le Torr. Wires were attached to the respective 
electrodes with a conductive epoxy adhesive. 

Results and Discussion. Figure 2 shows the FTIR 
spectra of copolymer I and of the dialdehyde monomer 3. 
In spectrum a, absorption at 1701 and 2730 cm-l clearly 
indica- the existence of the aldehyde group, whersaa in 
b, their intenaities am drastically d d  and at the 
same time a new maximum at 969 cm-' appears which 
implies the formation of trune-vinylene. Figure 3 shows 
the 1H NMR and 1% NMR spectra of the copolymer. The 
assignments of the peaks16 as indicated in the spectra by 
comparison with literature values confirm the m o l d  
structure. A DSC tram of the copolymer displays what 
appears to be a glass transition at 341 K (T, can be 
i d  when the alkane block is shorheci);%o melting 
or other thermal event in the msaeured temperature range 
303-490 K was seen. No liquid crystalline behavior was 
obaerved. The results are consistent with the assumption 
of an amorphous homogeneous copolymer. 
The W spectrum of the copolymer in F w  4 shows 

the same maximum absorption wavelength and is similar 
to that of the low molar masa molecule 6 structurally 
analogous to the rigid block of 5. It should be noted again 
that highly transparent pinhole-free, homogeneous, thin 
f i  could be formed, by spin-coating, from a CHCls 
solution of 6. 

Figure 6 shows the respective solid-state photolumi- 
neecence (PL) and the electroluminescence (EL) spectra 
for 5 and ita absorption spectrum. The PL spectrum was 
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Copolymer 6 has obvious advantages over a low molar 
mass molecule/polymer matrix composite in an LED 
device. It has an intrinsic solubility that greatly facilitate 
fabrication of the device and enhances the film quality of 
the emitting layer. The uniform conjugation length of 6 
determines the spectral purity of the light emitted by the 
LED device, which in thii case is in the blue region. In 
conventional precursor-originating PPV, it is very difficult 
to control the effective conjugation length, which is often 
determined by a random distribution of chemical and 
morphological defede in the chain. 
Conclusions. A new macromolecule has been designed 

and synthesized by combining uniform conjugated units 
of specified length with intervening flexible-chain aliphatic 
oligomeric segments. The basic design concepts can be 
extended to produce useful soluble materials emitting in 
other regions of the spectrum and possessing optimized 
mechanical, optical, and electrical properties. 

400 
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Figure 4. UV spectra of the model compound 6 (a) and of the 
copolymer 5 (b) in a CHC13 solution. The spectra are offset for 
clarity. 
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Figure 6. (a) UV absorption spectrum, (b) photoluminescence 
spectrum (measured at room temperature with an excitation 
wavelength of 370 nm), and (c) electroluminescence spectrum 
(measured at 77 K) of the copolymer 5. Spectra b and c are 
offset for clarity. 

independent of the wavelength of the excitation. The EL 
spectrum was measured at  77 K by applying a dc voltage 
to the LED with positive polarity at  the IT0 electrode, 
using an electrical field s t r e w  exceeding 1 IW/cm. In 
an inert atmosphere EL could ale0 be seen up to rmm 
temperature, although, if the field is applied in air at room 
temperature, EL ceases in a few minutes. The intensity 
of the EL maximum observed was roughly proportional 
tothecurrent. Currentdensitiesusedwereupto0.1A/cm2. 
The EL and PL spectra were similar (Figure 51, a reeult 
indicating the common m-tic origin of the photon 
emission. Details of the luminescence measurements are 
reported elsewhere." 
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