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Variation of the linking positions of the arylene groups in polyarylene vinylene
block copolymers can be used as an effective method to fine tune the polymers'
emissive characteristics. Through Wittig reaction mechanism 2,5-dioctyloxy-1,4-

dicarboxaldehyde and varying positional isomers of naphthalene bis(methyl triph-
enylphosphonium) dibromide gave alternate-block copolymers of poly(2,5-dioctyloxy
phenylene vinylene-co-1,4-naphthalene vinylene) (P1), poly(2,5-dioctyloxy phenylene
vinylene-co-1,5-naphthalene vinylene) (P2), and poly(2,5-dioctyloxy phenylene 
vinylene-co-2,6-naphthalene vinylene) (P3). These polymers were highly soluble in
common organic solvents. The chemical and physical characteristics of these polymers
were carried out using TGA, FTIR, 1H NMR, optical absorption and emission spectral 
methods. The thermal stabilities of the first two polymers (P1 and P2) were significant-
ly higher than the third polymer (P3). The glass transition temperatures of these 
polymers were found to be around 70°C. The first two polymers (P1 and P2) showed
absorption maxima around 360 nm, whereas the last case showed it at 406 nm. As thin
films, all three polymers exhibited red-shifted absorptions. The photoluminescence (PL)
emission maxima of P1, P2 and P3 polymers were 467 nm, 484 nm and 495 nm, in the
given order. Polymers P1-P3 also showed red-shifted PL emission for their thin films.
The differences in the absorption maxima and PL emission maxima of P1 to P3 are due
to the strain force between the vinylene and naphthalene protons. While, P3 polymer
exhibited electroluminescence maxima at 540 nm and 555 nm in single layer device
with a specific configuration (ITO/PEDOT/P3/Al). 

INTRODUCTION

Light emitting conjugated poly-
mers have attracted much attention
owing to their application in new
generation of display and solid
state lighting devices. Burroughes
et al. demonstrated that polypheny-
lene vinylene (PPV) has an intense
emission at 440 nm in solution, at
550 nm as thin film while it
exhibits electroluminescence [1].
The advantage of light emitting
polymers is that the emissive light

as well as its efficiency can be
tuned by suitable chemical modifi-
cation of polymer backbone [2-6]. 

A large variation in polymer
backbone has been tested by poly-
mers such as: polyarylene vinylene
(PAV), poly(para-phenylene)
(PPP), polythiophene (PT), poly-
fluorene (PF), and their physico-
chemical and the electrolumines-
cence (EL) characteristics have
been studied [7-10]. Among these
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materials, PAVs are intensively studied using a 
variety of aryl groups, either as homopolymer or with
different aryl groups as copolymer. Polymers having
different aryl groups as block alternating copolymers
are expected to exhibit different optical properties
[11-14]. 

Different synthetic strategies have been adopted
for the synthesis of polyarylene and polyarylene
vinylenes, viz., Wittig or Horner condensation [15-
18], Gilch Reaction [19, 20], Wessling route [21, 22],
Yamamoto coupling reaction [23] and Suzuki-Heck
reaction [24,25]. Among these reactions, Gilch 
condensation reaction generally results in the 
formation of high molecular weight random 
copolymers. The other reactions yield block 
alternating copolymer as two different functional
monomers are employed in the reaction. Yamamoto,
Suzuki and Heck coupling reactions require 
expensive palladium based catalysts, whereas
Wessling coupling reaction is limited to certain 
substrates that can undergo oxidative coupling 
reaction. In contrast, Wittig reaction is simple,
straight forward and does not require special reagents
or conditions for its procedure.

There are few reports incorporating naphthalene
into the polymer backbone to form homopolymer or
as one of the aryl groups to form a random or 
alternate copolymer [26-30]. Polynaphthalene
vinylenes, as homopolymers, are not soluble in
organic solvents and hence, longer alkyl chains are
introduced to enhance their solubility. Recently, Bai
et al. [31] have synthesized random copolymer 
comprising of naphthalene and dialkoxy benzene
moieties by Gilch type reaction. They have observed
that with increase in the naphthalene content in the
polymer chain the maximum emission has shifted to
lower wavelength. Mori et al. have recently reported
the preparation of polymers bearing substituted 
naphthalenes [32-34]. Mikroyannidis et al. have
reported the preparation of poly(fluorene vinylene-
alt-naphthalene) vinylene by Heck coupling 
reaction [35]. 

It is noteworthy to point out that the electronic
properties of the polymers may depend upon the way
the naphthalene group is linked to the vinylene group
[36,37]. Among the various linking positions 
available, "1,4", "1,5" and the "2,6" quinoid forms

would be in conjugation with the vinylene groups of
the polymers. Hence, the present work reports the
synthesis of novel alternate copolymers with 2,5-
dioctyloxy phenylene and varying positional isomers
of naphthalene vinylene building blocks which show
different optical and emission characteristics. The
synthesized polymers were characterized and their
optical absorption and emission spectral data and the
EL tests for P3 are studied and reported.

EXPERIMENTAL

Materials
Bis(bromomethyl) naphthalenes [2,6-BBMN, 1,5-
BBMN and 1,4 BBMN] were prepared by bromina-
tion of dimethylnaphthalenes, using N-bromosuccin-
imide (NBS) in CCl4 with benzoyl peroxide as the
initiator. BBMN was reacted with triphenylphosphine
in refluxing DMF solution to give naphthalene
bis(methyltriphenylphosphonium) dibromide
[NBMTPPDB] (Scheme I). The 1H NMR data of the
materials are presented in Table 1.

Preparation of 1,5-Bis(bromomethyl)naphthalene
Dimethyl naphthalene (1.0 g, 6.4 mmol) was 
dissolved in 200 mL of CCl4 followed by addition of
NBS (2.272 g, 12.8 mmol) into the solution. Benzoyl
peroxide (0.10 g) was added to the mixture as 
initiator and the solution was refluxed under constant
stirring for 3 h. At the height of the reaction 
succinimide floated on top of the solution and the
mixture was filtered under hot condition. The filtrate
was concentrated and cooled. The required 
bis(bromomethyl)naphthalene was crystallized, 
separated by filtration and dried. The yield was 
about 75%.  

Bis(1,4-bromomethyl)naphthalene and bis(2,6-
bromomethyl)naphthalene were prepared by the same
method using 1,4-dimethyl naphthalene and 2,6-
dimethyl naphthalene as the starting materials. The
yields for both products were about 60%. 

Preparation of Naphthalene 1,5-Bis(methyl triph-
enyl phosphonium) Dibromide
1,5-Bis(bromomethyl) naphthalene (2 g, 6.36 mmol)
was dissolved in 50 mL of DMF and  triphenyl 
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1,5-BBMN                              1,5-NBMTPPDB

2,6-BBMN                              2,6-NBMTPPDB

Scheme I. Synthesis of naphthalene functional monomers.

Naphthalene 
isomer

Chemical shift (ppm)

BBMN NBMTPPDB

1,4 8.22-8.25 (m, 2H), 
7.6-7.7 (m, 2H), 7.51 (s, 2H),
4.9 (s, -CH2Br, 4H)

7.69-7.50 (m, 32H), 
7.21 (s, 2H),
6.81-6.79 (m, 2H), 
5.79-5.76 (d, -CH2P+ 4H, J=12.0 Hz)

1,5 8.22-8.20 (m, 2H), 
7.63-7.55 (m, 4H), 
4.98 (s, -CH2Br, 4H)

7.74-7.53 (m, 32 H), 
7.19-7.15 (m, 2 H),
6.82-6.90 (m, 2H), 
5.71-5.63 (d, -CH2P+ -4H, J=12.0 Hz)

2,6 7.84-7.82  (m, Ar-4H), 
7.53 (m, Ar-2H), 
4.67 (s, -CH2Br, 4H) 

7.80-7.44 (m, 34H), 
6.95-6.93 (m, 2H),
5.56 (d, -CH2P+ -4H, J=12.0 Hz)    

Table 1. 1H NMR Spectral data of naphthalene derivatives.



Scheme II. Synthesis of 2,5-dioctyloxybenzene-1,4-dicar-
boxaldehyde.

phosphine (3.336 g, 12.72 mmol) was added into the
solution. The mixture was refluxed with stirring for
12 h and then the volume of the reaction mixture was
reduced to 10 mL before being cooled. Naphthalene
1,5-bis(methyltriphenylphosphonium) dibromide
was crystallized as white crystals, filtered, washed
with ether and dried under vacuum (yield = 70%).

Preparation of "1,4" and "2,6" isomers were also
carried out using the same procedure with suitable
starting materials. The yield for both products was
about 70%. 

1,4-di-Octyloxybenzene (DOB) was prepared by
Williamson synthesis employing 1,4-dihydroxyben-
zene in butanol using NaOH as base and 1-bromo-
octane as an alkylating reagent. DOB was bromo-
methylated using (HCHO)n/HBr in acetic acid and
yielded 1,4-bis(bromomethyl)-2,5-dioctyloxyben-
zene (BBDOB) [38]. Oxidation of BBDOB was 
carried out using H2O2 in ethanol to yield 2,5-diocty-

loxybenzene 1,4-dicarboxaldehyde (DOBDC) by
adopting the procedure of Tang et al. [39] (Scheme
II). The 1H NMR data of these products are given in
Table 2.

Preparation of 1,4-Dioctyloxybenzene
1,4-Dihydroxybenzene (11 g, 100 mmol) was 
dissolved in 250 mL butanol in a 500 mL double-
neck round-bottom flask followed by addition of 
concentrated NaOH solution (8 g, 200 mmol) with
constant stirring. Then, 1-bromooctane (48.28 g, 
250 mmol) was added slowly, after completion of
addition the solution was refluxed for 24 h. The
butanol layer was washed with 5% NaOH solution
and then with water. The solvent was evaporated to
give dark coloured pasty mass. The product was
extracted using hot methanol and was crystallized as
white flakes on cooling, filtered and washed with
methanol (yield = 70%). 

Preparation of 1,4-Bis(bromomethyl)-2,5-diocty-
loxybenzene
A mixture of 1,4-dioctyloxybenzene (16.7 g, 
50 mmol), para-formaldehyde (6 g, 200 mmol),
hydrobromic acid (18 mL, 47%) and acetic acid 
(150 mL) were refluxed with stirring at 80°C for 
24 h. After cooling to room temperature, it was 
slowly poured into the saturated sodium bicarbonate
solution. The solution was extracted with CHCl3
(3×40 mL) washed with water. The organic layer was
dried with anhydrous sodium sulphate and evaporat-
ed by Rota Vapor system to give the product in 75%
yield. 

2,5-Dioctyloxybenzene-1,4-dicarboxaldehyde
1,4-Bis(bromomethyl)-2,5-dioctyloxybenzene (2.3 g,
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OH

OH

n-C8H17Br/NaOH

Butanol

OC8H17

OC8H17

(HCHO)n

HBr/CH3COOH

CH2Br

CH2Br

OC8H17

C8H17O

Ethanol      H2O2

CHO
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C8H17O

OC8H17

DOB                                                  BBDOB

DOBDC

Compound Chemical shift (ppm)

DOB

BBDOB

DOBDC

6.84 (s, 4H), 3.9 (t, 4H, J=6.4 Hz), 1.8-1.1 (m, 24H), 
0.9 (t, 6H, J=6.8 Hz)
6.87 (s, 2H), 4.5 (s, 4H), 3.95 (t, 4H, 6.4 Hz), 1.8-1.1  (m, 24H), 
0.9 (t, 6H, J=6.8 Hz)
10.52 (s, 2H), 7.43 (s, 2H), 4.08 (t, 4H, J=6.4 Hz),
1.8-1.1 (m, 24H), 0.9 (t, 6H, J=6.8 Hz)

Table 2. 1H NMR Spectral data dioctyloxy benzene derivatives.



4.4 mmol) was dissolved in ethanol (100 mL) and
hydrogen peroxide (30% solution, 3 mL) was added
to this mixture and refluxed. The progress of the 
reaction was monitored by thin layer chromatography
which was complete after 10 h. Ethanol was removed
under reduced pressure and 50 mL of water was 
added to the residue which was then extracted with
chloroform. The chloroform layer was dried over
MgSO4 for the product to be concentrated. The crude
product was purified by column chromatography
using activated aluminium oxide to give yellow 
crystals of the required product (yield = 60%). 

General Procedure for Wittig reaction
Naphthalene bis(methyltriphenyl phosphonium)
dibromide (NBMTPPDB) (0.50 mmol) and 2,5-
dioctyloxybenzene-1,4-dicarboxaldehyde (DOBDC)
(0.50 mmol) were dissolved in dry THF. Sodium
ethoxide in ethanol (1.3 mM) was added using a
syringe pump and the mixture was kept under reflux
for 48 h under a blanket of argon. The solution turned
pale yellow and clear solutions were obtained at the
end of reaction. The solution was concentrated and
methanol was added to this solution to precipitate the
polymer, and then the product was filtered, washed
with methanol and dried at 60°C. The process of 
purification, viz., dissolving the polymer in minimum
amount of THF and its precipitation from methanol
was repeated three times and the resultant polymer
was dried at 50°C overnight. The materials thus
obtained were used for further characterization. 

Methods
FTIR Spectra of the polymers and the monomers were
recorded using a Bruker spectrophotometer (Model
Tensor 27, USA). 1H NMR Spectra of the monomers
as well as the polymers were measured using a 
400 MHz multiprobe Bruker spectrometer (USA)
using CDCl3 as the solvent and TMS as internal stan-
dard. The optical absorption spectra of the polymer
samples were recorded in THF solution using a Varian
Cary 500 UV-vis-NIR spectrophotometer (USA). The
PL emission and excitation spectral data were
obtained using a Varian Cary eclipse fluorescence
spectrophotometer (USA). The molecular weights of
the synthesized polymers were measured by gel per-
meation chromatography (GPC) using HPLC-GPC

systems (Shimadzu model No LC-20AD, Japan).
Polystyrene was used as the calibration standard and
THF as the solvent for the measurement. The EL
spectral measurements were carried out using a single
layer device, ITO/PEDOT/P/Al, (P = P1, P2 or P3).
ITO glass plate (obtained from Sigma-Aldrich India
(Pvt) Ltd., India) was coated with PEDOT-PSS and
was employed as the anode. Each of the polymers, 
P1-P3 was coated onto the ITO/PEDOT electrode by
spin coating (Spin Coater Model ws-400b-6npp,
India). Aluminium was coated by thermal evaporation
as the electron injection layer. An impressed potential
of 12 V was applied and the spectra were measured
using optical fibre spectrometer (Ocean Optics USP
4000 spectrometer, USA).   

RESULTS AND DISCUSSION

Schemes I and II depict the synthesis of functional
monomers and the 1H NMR spectra are presented in
Figures 1 and 2. The 1H NMR data of the intermedi-
ates are given in Tables 1 and 2. A perusal of the tables
indicates that the observed spectral data 
matches with the expected functional monomers.
Scheme III sketches the synthesis of vinylene poly-
mers employing Wittig reaction, whereas the yield
was around 60% for all the polymers. Poly(2,5-
dioctyloxy phenylene vinylene-co-1,4-naphthalene

Figure 1. 1H NMR Spectrum of naphthalene 1,5-bis(methyl
triphenyl phosphonium) dibromide (NBMTPPDB).
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Scheme III. Synthesis of polymers P1-P3 by Wittig reaction.

Figure 2. 1H NMR Spectrum of 2,5- dioctyloxybenzene-1,4-dicarboxaldehyde.



vinylene), poly(2,5-dioctyloxy phenylene vinylene-
co-1,5-naphthalene vinylene), and poly(2,5-diocty-
loxy phenylene vinylene-co-2,6-naphthalene viny-
lene) were designated as P1, P2 and P3, respectively. 

The molecular weights of these materials were
measured by GPC using polystyrene as standard and
THF as the solvent. The weight average molecular
weights of P1-P3 samples with polydispersity values
are provided in Table 3 and including the optical data.
P1 and P2 samples had the Mw in the range of 2800
Da and polydispersity indexes in the given order were
found to be 1.196 and 1.184. The molecular weight of
P3 was 4023 Da, slightly higher than other two 
polymers, with the polydispersity of 1.33. 

It can be seen that the molecular weights of the
synthesized polymers are low, as generally 
polymerization reactions under Wittig's reaction 
conditions are reported to produce polymers with
lower molecular weights [36-38]. This is attributed to

effective termination step, nature of solvent, mild
reaction conditions and relative stoichiometry of the
monomers in the reaction mixture.  

The synthesized polymers were characterized
using FTIR and 1H NMR spectral methods. The 
1H NMR spectrum of P2 sample is given in Figure 3.
It can be seen that the proton resonances appear as
broad lines indicating the polymeric nature of the
sample. The aromatic and vinyl groups appear
between 8.0 and 6.4 ppm and the aliphatic protons
appear between 4.0 and 0.9 ppm. The peak positions
of the naphthalene, phenylene and vinylene peaks are
based on the reported values and the peak position of
the functional monomers. It is noteworthy to mention
that 1,4,5,8 protons of the naphthalene group appear
in the low field of approximately 8.0 ppm and a 
similar trend could be expected in the polymers, as
well. Hence, the peak at 8.0 ppm is due to 1,4,5,8 
protons of the naphthalene group and the peak at 
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Table 3. Physical and optical properties of polymers P1-P3.

Polymer Mw#

(Da)
PDI Tg

(°C)
λmax (Abs.)

(nm)
λemission

soln. (nm)
λemission

film (nm)
Φf* soln.

P1
P2
P3

2813
2858
4023

1.196
1.184
1.331

58.0
75.0
78.5

360
360
406

470
475
492

486
490

540, 554

0.16
0.06
0.32

(#) polystyrene was taken as the standard. (*) Quinine sulphate in sulphuric acid was taken as the standard (Φf = 0.546).

 

Figure 3. 1H NMR Spectrum of P2 in CDCl3. 



Figure 4. FTIR Spectrum of P2 in KBr pellet.

7.4 ppm is due to 2,3,6,7 protons of the naphthyl
group. The relative intensities of the peaks at 8.0 and
7.4 ppm depend on the naphthalene linking position.
Hence, the relative intensity of the peak at 8.0 ppm for
P3 is higher than that of P1 and P2 samples, as the
substitutions take place at positions 1,4 for P1 and 1,5
for P2. The peak at 6.8 ppm arises due to the DOP
protons and the peaks at 7.1 and 6.4 arise due to the
vinylene protons. 

The peak at 4.0 ppm corresponds to the -OCH2-
protons of the octyloxy group. The other protons of
the octyl side arm appear at 2.0 to 0.9 ppm and the 
1H NMR spectra of P2 and P3 samples also exhibit
similar features in this region. 

FTIR spectrum (Figure 4) of the polymers shows
the -CH vibrations at 3050 cm-1 (aromatic) and 2928
and 2858 cm-1 (aliphatic). Absorption signals at
1598.9 (trans CH=CH stretching mode) and 969.5
(trans CH=CH out-of-plane deforming mode) 
indicates the formation of polymer. Furthermore, all
the polymers exhibit the ring vibration and finger
print region due to the naphthalene group in their
polymer backbones.  

The TGA graph of polymer P1 is presented in
Figure 5. It is evident that significant weight loss has
not occurred below 200°C. Further, this polymer loses
nearly 20% of its weight at 400°C and its residue at
800°C is 11.05%. In the case of P2 sample the weight 

Figure 5. TGA Plot of P1 sample at a heating rate of
20°C/min under nitrogen atmosphere. 

loss at 200°C is again 2%, however the decomposition
is higher and the weight loss of 35% is observed at
400°C. For both polymers P1 and P2, the decom-
position onset started around 345°C. In the case of P3
the decomposition onset started much earlier of
approximately 149°C. The stability of P3 sample is
found to be lower than P1 and P2 samples as there
was weight loss of 15% at 200°C. However, the
weight loss at 400°C is 40%. The glass transition 
temperatures of 58°C, 75°C and 78.5°C have been
observed in the order given for polymers P1, P2 and
P3. The lower glass transition temperature may be
attributed to the long alkyl chains present in the poly-
mer network and the lower molecular weight of the
synthesized polymers. 

The optical absorption spectra of the dilute 
solutions of polymers P1, P2 and P3 in THF are 
presented in Figure 6. It can be seen that P1 and P2
absorb at 360 nm and P3 sample absorbs at 406 nm.
The concentrated samples of the polymers result in
the red shifted absorption maxima of approximately
365 nm for P1 and P2, whereas P3 absorbs at 410 nm
(Figures not shown). The optical spectra of these
polymers in the form of thin films indicated to red
shifted peaks. Thin film of polymer P1 absorbs at 
370 nm, wherein for polymers P2 and P3 the peak  
values are 375 nm and 435 nm, respectively. The 
marginal red shift in the concentrated solutions and 
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Figure 6. Optical spectra of polymers: (a) P1, (b) P2 and (c)
P3 samples and PL spectra of: (a') P1, (b') P2 and (c') P3
samples in THF solution.

the significant red shifts in the absorption peaks of
thin films indicate that these polymers tend to 
aggregate. 

It is well established in the literature that polymers
with long alkyl chains aggregate in concentrated 
solutions as well as in thin films. Furthermore, it may
be noted that the absorption maxima of P1 and P2 are
more or less the same and the value for P3 is shifted
to longer wavelength. Similarly, the shift in the
absorption maxima for the films was found to 
be stronger for P3 in comparison to about 35 nm to 
10 nm for polymers P1 and P2. These observations
may be attributed to the linking positions of the 
vinylene group to the naphthalene moiety. The 
interactions between the vinylene protons and “5,8”
or “4,8” protons of naphthalene group will be greater
than that of vinylene protons and naphthalene protons
at “1,3” and “5,7” positions (vide infra).   

The PL spectra of the polymers are presented in
Figure 6. The dilute solutions of these polymers emit
at 470 nm, 475 nm and 492 nm, corresponding to
polymers P1, P2 and P3. The quantum yield of 
emission was calculated using quinine sulphate as the
standard (Table 3). A perusal of the table indicates that
P3 sample has higher quantum yield when compared
to P1 and P2 samples. The PL emission maxima for
the thin films of these polymers were found to have

Figure 7. PL Emission spectra of polymer thin films of: (a)
P1, (b) P2 and (c) P3 samples.

shifted to longer wavelength. The values are 486 nm
for P1 and 490 nm for P2.  However, the shift was 
significant in the case of P3 and we have observed
two peaks at 540 nm and 554 nm (Figure 7). 

The red shift observed in the PL emission maxima
for thin films of these polymers are attributed to the
long side chains in the polymer backbone that may
enhance the interaction between the polymer 
interchains in the thin films. This results in lower PL
emission efficiency of the polymer thin films, when
compared to polymers in solution state. Moreover, the
shift in the emission maxima is higher for P3 sample
when compared to P1 and P2 samples changing from
solution state to thin films as shown in the case of
absorption spectral data. The lower energies of
absorption and emission may arise due to number of
factors. In the present case, P1, P2 and P3 samples are
positional isomers and the linking positions 
correspond to "1,4", "1,5" and "2,6", which in the
order given are in conjugation with the vinylene
groups. Hence, it is expected that all the isomers
should have very close absorption and emission 
maxima. However, the interaction between the 
vinylene protons and those of 1,4,5,8 of the naphthyl
group is significantly higher than the interaction of
the vinylene protons and 2,3,6,7 protons of naphtha-
lene group (Scheme IV). Hence, the conjugation
length could be perturbed when the repulsive 
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interactions are significant. 
It is also reported that introduction of naphthyl

group in the polymer backbone could lead to out-of-
plane configuration due to the bulky naphthalene
group. In the present case for both P1 and P2 samples
the repulsive interaction between the vinylene protons
and 1,4,5,8 naphthalene protons are higher than P3
system where there are interactions related to vinylene
protons and "1,3" and "5,7" naphthalene protons.
Hence, the latter system is expected to be planar 
compared to former systems. Therefore, the observed
higher absorption and emission maxima for P3 
sample compared to those of P1 and P2 samples. The
decreased emission efficiency and the red shifted
absorption and emission peaks for the thin films are
due to the fact that the long alkyl chains in the 
polymer backbone facilitates enhanced interchain
interaction of the polymers in thin films.

It is pertinent to compare the PL spectral data of P1
to P3 with the observations of Bai et al. [31]. They
have synthesized the random copolymers using 1,5-
dibromomethyl naphthalene and 1,4-bisbromomethyl
2-methoxy 5-((2-ethyl) hexyloxy) benzene under
Gilch condition by varying the concentration of the
monomers to 80/20, 50/50 and 33.3/66.6. For better
comparison the corresponding homopolymers were
also synthesized. The emission maximum for
poly(MEH-PPV) is around 600 nm and that of PNV
was found to be 360 nm. 

It may be worthwhile to compare the spectral 
characteristics of 50/50 random copolymer (PNV 50)
prepared by Bai et al. with the present systems. The
absorption maximum for PNV 50 was found to be 
465 nm with the emission maximum of 551 nm in 

solution. These values show blue shifts when 
compared to that observed for MEH-PPV, which has
the absorption maximum around 600 nm. 

In solid state, PL of PNV 50 also shows the 
maximum around 608 nm, whereas in the present
case, all these polymers (P1-P3) show absorption
maximum below 550 nm for thin films and below 
500 nm for solutions. The red shifted peaks observed
by Bai et al. may be attributed to the random copoly-
merization process, wherein the number of MEH-
phenyl moieties may be adjacent to each other and
show similar optical absorption and emission 
characteristics. Hence, in the prepared block copoly-
mers of the present work, [naphthalene-DOP] groups
define the absorption and emission characteristics of
these polymers. Naturally, the linking positions of the
naphthalene groups result in the increase or decrease
of the absorption as well as the emission maxima of
the synthesized polymers.   

PLED devices using P1 to P3 samples were 
fabricated with single layer configuration viz.,
ITO/PEDOT/P/Al. The polymer films were coated by
spin coating method employing PEDOT coated ITO
glass plate as the substrate material. Among these
polymers, P1 and P2 emit feebly at voltage of 12 V
and the EL spectra could not be recorded. However,
the device employing P3 sample emitted a green light
at voltage of 8.0 V. The EL spectrum of P3 is 
presented in Figure 8 and shows that P3 sample gives
rise to two emission maxima at 540 nm and 555 nm
which are similar to the PL of P3 thin films. The poor
EL characteristics of P1 and P2 may arise due to the
lower PL quantum efficiency of these materials, when
compared to P3 and the lower glass transition 
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Figure 8. Electroluminescence spectrum of P3 sample in a
single layer device at an impressed potential of 12 V.
Device configuration: (ITO/PEDOT/P3/Al).

temperature of these polymers. 
Further work is under progress to construct a

multi-layer EL cell with an electron injecting layer
and hole transporting layer to reduce the turn on 
voltage and efficiency of the system.

CONCLUSION

Synthesis of alternate-block copolymers bearing
dioctyloxy phenyl and naphthalene building blocks
have been carried out using Wittig reaction. The 
linking position of the naphthalene group in 
these polymers was varied and its effect on the 
optical absorption and emission characteristics were
studied. It was observed that both the absorption and
emission peaks are red shifted for P3 sample, 
wherein the naphthalene linking position is "2,6"
when compared with P1 and P2 samples (where 
linking positions are "1,4" and "1,5", respectively)
indicating that the P3 sample is a relatively strain 
free system. P3 sample exhibits EL wherein, for P1
and P2 samples it is not measurable. Further, 
it is realized that the introduction of octyl chain in the
polymer may decrease its film emission intensity.
Hence, in next step the alternating side chains 
may be considered as a better way for performing of
EL devices.
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