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Abstract- A novel blue Poly (arylene ether) s polymer was prepared for the organic polymer light emitting diodes which was 
composed of the guest material, anthracene derivatives, and the hole transport material, carbazole derivatives. Use of the CF 
bond and Carbazole increase the steric hindrance of the polymer chain and change the highest occupied molecular orbital - 
lowest unoccupied molecular orbital energy level by fluoride compounds. The two derivatives via nucleophilic 
polycondensation synthesis a novel blue polymer. At the fabrication of the device, light-emitting layer can make use of spin 
coating of solvent process. In the BH device, the maximum brightness is up to 7,466 cd/m2 and the maximum efficiency is 4.2 
cd/A. The C.I.E. coordinates of (0.15,0.08) is very close to the official regulations of the NTSC Blue coordinates (0.14,0.08). 
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I. INTRODUCTION 
 
Recently, organic light emitting diodes (OLEDs) have 
attracted the many academics attention because OLED 
possess the characteristic of flexible, response time 
and self-emission.[1] Polymer organic light emitting 
diodes (PLEDs) are more important for the 
illumination applications.[2] One of the important 
characteristic of PLEDs is film formation, so PLEDs 
can use wet-processing to fabrication the devices.[3] To 
achieve the high emission PLED for the illumination 
applications, the high light efficiency with the primary 
colors are indispensable. However, the development 
of the blue emitters have been a challenge because 
blue emitters have high energy level which lead to find 
the matching host materials not easily. Moreover, the 
concentration quenching is a major problem which 
need to be improved. 
 
Poly(arylene ether)s has potential withPLED 
applications. There were many results of research that 
were published in recent years. Chen’s group used 
polyfluorenesderivative in main chain and 
addedtriphenylaminederivative and 
carbazolederivative in side chain. The efficiency of 
polymer achieved up to 4.88 cd/A and 14700 cd/m2 at 
single layer structure.[4] Wang’s group combined 
pentafluorenederivativeand distyrylarylenederivative 
in a polymer which can tuned the different emission 
through changing the ratio of polymerization. The 
electrical performance achievement that the turn-on 
voltage, current efficiency and brightness were 4.2 V, 
2.15 cd/A and 3576 cd/m2, respectively. The C.I.E. 
coordinates of (0.15,0.15) was closed to idea blue 
emitter.[5] 
 
In this research, the carbazole derivative and 
anthracene derivative were used to synthesis the blue 
emission polymer (BH) and combined them through 
ether link by nucleophilic polycondensation.BH 
improved the problem of the lower thermal stability of  

 
anthracene. BH exhibit the deep blue fluorescent 
emission and there was no apparent concentration 
quenching at doping fifty percent guest materials. The 
BH showed the excellent property at characteristic of 
BHdevices.  
 
II. DETAILS EXPERIMENTAL  
 
2.1. Synthesized materials 
2.1.1.Anthracene derivative 
9 10-dibromoanthracene was added to dry toluene. 
After the solution was stirred at room temperature for 
30 min at N2 atmosphere, 
(4-fluoro-3-(trifluoromethyl)phenyl)boronic acid and 
Potassium carbonate were added to the solution. Then 
increased the temperature to 220oC and stirred for 48 h. 
After cooling, the solution extracted three times with 
ethyl acetate. The organic layer was dried over 
anhydrous magnesium sulfate and recrystallized from 
ethyl acetate. The crystals were dissolved in dry 
dichloromethane. 
 
2.1.2 carbazolederivative 
3,6-dibromo-9 hexyl-9H-carbazole was added to dry 
toluene. After the solution was stirred at room 
temperature for 30 min at N2 
atmosphere,4-methoxyphenylboronic acid and 
Potassium carbonate were added to the solution. Then 
increased the temperature to 220oC and stirred for 48 h. 
After cooling, the solution extracted three times with 
ethyl acetate. The organic layer was dried over 
anhydrous magnesium sulfate and recrystallized from 
ethyl acetate. The crystals were dissolved in dry 
dichloromethane. The solution was cooled to -78oC, 
and then boron tribromide was added. After stirring 4 
h, the reaction was terminated by DI water. The 
solution extracted three times with dichloromethane. 
The organic layer was dried over anhydrous 
magnesium sulfate and the crude product was 
recrystallized from ethyl acetate. 
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Fig.1 synthesis of monomers 

 
2.1.3 polymer materials 
9,10-bis (4-fluoro-3-(trifluoromethyl) 
phenyl)anthracene,4,4'-(9-(2-ethylhexyl)-9H-carbazol
e-3,6-diyl) diphenol and Potassium carbonate were 
added in the solution with toluene and DMAc and 
heated the temperature to 140oC. After stirring 21 h, it 
was poured in to 1000 mL beaker containing methanol. 
The solution separated out with methanol and 
dissolved in chloroform for several times. The 
precipitate was dried under vacuum oven. 
 

 
Fig.2 synthesis of BH 

 
2.2. Fabricated device 
BH wasused as an emitting material for PLEDs. 
Lithium fluoride (LiF) was used for the 
electron-injection layer (EIL) and 
poly(3,4-ethylenedioxythiophene): polysty4zrene 
sulfonate (PEDOT: PSS)was used for the 
hole-injection layer (HIL). 
 

 
Fig.3 PLED device structure and the chemical structure used in 

this work. 
 
2.3. Data measured 
The decomposition temperature and glass transport 
temperature were measured with Perkin Elmer PYRIS 
1 and Perkin Elmer Diamond DSC. Perkin Elmer 
UV-Vis Lambda 35 and Perkin Elmer LS 55 were 
used to get the absorption and emission spectrum, 

respectively. The molecular structure was identified 
through Varian UNITY INOVA-500 and Bruker 
APEX II. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Material properties 
Blue emission polymer (BH) was designed and 
synthesized and exhibited the decomposition 
temperatures by thermo gravimetric analysis (TGA) 
under with 10oC/min heating rate under N2 
atmosphere. The TGA data revealed the excellent 
thermal stability of theBH. The thermal properties is 
higher than the Anthracene derivatives and Carbazole 
derivatives. The decomposition temperatures of BH, 
Anthracene derivatives and Carbazole derivatives are 
350℃, 210oC and 330oC, respectively. The Td of BH 
and Carbazole derivatives is close because the carbon 
chain on the two molecular are be decomposition first. 
There was no glass transition temperatures to be 
obtained by differential scanning calorimetry 
(DSC).The poly (arylene ether) s let the polymer not 
easy stacking crystal. 
 
The trifluoromethyl group on the anthracene 
derivative processed some electrophile and let the 
solubility increase. Proportion of the electrophile of 
the trifluoromethyl group and the nucleophile of 
tertiary amine group on the carbazole unit can tune the 
highest occupied molecular orbital (HOMO) and 
lowest unoccupied molecular orbital (LUMO). Poly 
(arylene ether)s materials can keep the characteristics 
of the monomers and the ether linkage group increase 
backbone twist ability to given the higher steric 
hindrance.The results lead to reducing the effect 
between carbazole derivative and anthracene 
derivative and keeping the anthracene moieties 
preserving emission at blue region. Therefore, the 
Poly (arylene ether)s PLEDs can reduce the producing 
of the concentration quenching effectively. 
 
3.2. Optical properties 
Fig.4a shows the Uv-vis and PL spectrum of BH in the 
chlorobenzene solution and the resultsof these 
spectrum are attributed to intramolecular charge 
transfer because of increasing intermolecular distance. 
There are a large region overlap between the 
absorption spectrum and the fluorescent spectrum, it 
will produce high efficiency radiative energy transfer. 
The maximum absorption peak of BH is 353nm, 
373nm and 385nm, respectively. The PL spectrum of 
BH in solution is exhibited maximum peak at 416 nm. 
Fig.4bshows the Uv-vis and PL spectrum of BH thin 
film coating on the quartz substrate. Both of The two 
absorption spectrum in solution and thin film were 
almost the same. The PL spectrum was obtained a little 
red-shift from solution state to thin film state because 
the thin film state decreased the intermolecular 
distance. The result lead molecular stack and produced 
concentration quenching. However, BH has no effect 
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on concentration quenching so BH has the potential to 
fabricate the PLEDs device.[6] 
 

 
Fig.4 (a) Normalized absorption and fluorescent spectrum of 

the polymers in solution of chlorobenzene. (b) Normalized 
absorption and fluorescent spectrum of the polymers in the thin 

film state. 
3.3. Electroluminescence properties 
The properties and the measured result of the device 
BH showed on Fig.5 and Table1. The EL spectrum 
shows the maximum peak at 436nm which indicates 
that BH device is a good deep blue PLEDs. However, 
compare the EL spectrum with the PL spectrum, the 
EL spectrum exhibit slightly red-shift. Because of the 
different fabrication method that lead the different 

surface property between the thin film and the device. . 
The BH device exhibited low turn on  

 
Fig.5 (a) the EL spectrum, (b) the current 

density-volatge-luminance characteristics, and (d) C.I.E. 
coordinates of BH device. 

voltage 4.5V, maximum luminescence 7544cd/m2 and 
current density 453 mA/cm2, respectively. 
 

 
Table 1 the different Performance Data with the BH device 

 
 

a. Turn on voltage corresponding to the 1 
cd/m2luminance. 

b. Maximum brightness measured at 12V. 
c. CIE coordinates measured at 9V voltage. 

 
CONCLUSIONS 
 
Blue emission polymer material which combined 
anthracene derivatives and carbazole derivatives was 
designed and synthesized that improved their thermal, 
optical properties through ethers linkage. The fluoride 
group on anthracene derivatives and the tertiary amine 
group on the carbazole derivatives increased the 
charge transfer ability. By incorporation of ether 
linkage, BH improves device achievement with better 
separation between host and guest. The polymer BH 
with ether groups reduce the concentration quenching 
and elevated the efficiency. The decomposition 
temperature is higher than 350oC that represents the 
high thermal stability. The fluorescent 

spectrumisplayed deep blue performance at 416nm. 
The BH device exhibited the low driving voltage and 
the performance with a maximum efficiency 4.2cd/A 
and maximum brightness 7446 cd/m2. In the optical 
characteristic of material, the C.I.E. coordinates of BH, 
(0.15, 0.08) was very close to the official regulations 
of the NTSC Blue coordinates (0.14, 0.08). 
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