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ABSTRACT: A Novel monomer 9,I0-bis(4-hydroxy-1-butynyl)anthracene (Ml) was synthesized and some polyesters and 
polyurethanes containing a donor 9, 10-diethynylanthracene and acceptor pyromellitic diimide groups were prepared. The 
polymers were soluble in common organic solvents and gave transparent films by casting. They showed 5% weight loss at the 
temperature 250-300°C. All polymers showed luminescence and maximum depended on polymer composition. Polymers 
containing the 9,10-diethynylanthracene moiety alone showed luminescence with maximum at 470-480nm while those 
containing 9,10-diethynylanthracene and pyromellitic diimide groups showed luminescence with maximum around 600nm due 
to the charge transfer complex (CTC) formation between them. Some polymers showed electroluminescence with turn-on 
voltage of 10.5 V. 
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Various fluorescent polymers have been investigated 
in recent years. These polymers include pendent chro
mophore-functionalized polymers and polymers having 
chromophore in the backbone. They are used as fluores
cent labels, and photon harvesters. 1 - 3 Fluorescent 
labeling has been used to study specific interactions 
between macromolecules in water soluble polymers, 
polyelectrolytes, block copolymers, homopolymers, and 
random copolymers4- 9 water soluble polymers with 
aromatic chromophores sensitize photochemical reac
tions.10 

Novel polymers containing fluorescein moieties were 
prepared recently at our laboratory. 11 ·12 They were 
soluble in common solvents and gave films with excellent 
transparency when casted from solutions. The polymers 
showed intense yellow luminescence in solutions and as 
films, and exhibited non-linear optical susceptibility of 
the third order (x<3l) up to 3 x 10- 10 esu. A number of 
novel polymers containing arylenevinylideneethynylene 
groups was also synthesized via the Heck reaction. 13 
The polymers were amorphous and soluble in common 
organic solvents. Some showed strong blue luminescence 
in the region of 380-480 nm. All polymers showed (x<3l) 
around 1o- 10 esu. 

Another interesting class of photoactive polymers is 
anthracene containing polymers. They show intense 
blue fluorescence and photoconductive properties. 14 
Various vinyl type anthracene-containing polymers 
have been prepared. 15 However, only a few papers 
report on the synthesis of polycondensation type poly
mers containing anthracene moieties. The synthesis and 
luminescence properties of some anthracene contained 
polyimides derived from 9, 1 0-bis(3-aminophenylthio )
anthracene, and 9, 1 0-bis-(3-amino-4-methoxybenzyl)
anthracene with various tetracarboxylic acid dianhy-

t To whom correspondence should be addressed. 

drides, have been reported. 16·17 All the polymers show
ed luminescence and photoconductive properties and 
the position of the maximum of luminescence was lin
ear with electron affinity of diimide fragment due to 
the excited state of CTC formation between anthracene 
and imide moieties. Absorption bands in polyimide 
consisting of pyromellitic acid and 4,4'-diaminodiph
enylether moieties are due to intermolecular charge 
transfer n~n* transitions. 18 

This paper reports the first synthesis and characteriza
tion of donor-acceptor types of polymers containing 
9, 10-diethynylanthracene moiety as a donor, based on 
novel monomer, 9, 10-bis-( 4-hydroxy-1-butynyl)anthra
cene. A facile one-step synthesis of this monomer has 
been developed starting from commercially available 
9,10-dibromoanthracene and 3-butyl-1-ol. 9,10-Diethy
nylanthracene chromophore should possess a lower 
ionization potential and higher electron affinity than 
anthracene due to the conjugation of two additional 
triple bonds with an anthracene fragment while main
taining high photoluminescence efficiency of anthracene 
because of the rigidity of 9, 10-diethynylanthracene 
moiety. The expanded conjugation system of 9,10-di
ethynylanthracene should provide the polymers with 
novel interesting optical properties compared to anthra
cene, such as low turn-on voltage of electro luminescence, 
in particular. 

EXPERIMENT AL 

Materials 
1,2-Dichlorobenzene (ODCB), dimethyl sulfoxide 

(DMSO), hexamethylene diisocyanate, sebacoyl chlo
rides, and isophthaloyl chlorides were distilled under 
reduced pressure before use. Pyromellitic dianhydride 
was crystallized from acetic anhydride. Other reagents 
(all Aldrich) were used as received. 
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Monomer Synthesis 
The synthesis of the monomers is shown in Scheme 1. 

9,10-Dibromoanthracene was prepared by the bromina
tion of anthracene in chloroform. Tm= 225°C (224°C19). 

9, I 0-Bis-( 4-hydroxyl-1-butynyl)anthracene (M 1 ). 9, 10-
Dibromoanthracene (16.8 g, 50 mmol), 3-butyn-1-ol 
( 14 g, 200 mmol), triphenylphosphine (TPP (0.5 g, 1.9 
mmol), Cul (0.3 g, 1.57 mmol), and PdCl2 (TPP)z (0.5 g, 
0.71 mmol) were dissolved in a mixture of pyridine 
(200 ml) and triethylamine (200 ml) and refluxed for 6 h 
under nitrogen flow. The reaction mixture was poured 
in cold diluted hydrochloric acid and precipitate formed 
was filtered off and dried in vacuo at room temperature. 
The crude product was purified by column chroma
tography on SiO2 (eluent benzene) Yield 68%, Tm= 
l68°C. IR (cm- 1): 3285 (OH), 3057 (CH arom.), 2930-
2880 (CH aliph.), 2200 (C=C), 1618, 1520 (C=C 
arom.). 1H NMR (DMSO-d6): 8.62-8.59 (m, 4H, 
arom.), 7.64--7.61 (m, 4H, arom.), 4.15 (t, 2H, -OH, 
1=6.0Hz), 4.00-3.94 (m, 4H, O-CH2), 2.99 (t, 4H, 
=C-CH2 1=7.5Hz). 13C NMR (DMSO-d6): 132.9, 
128.0, 127.5, 119.4 (arom.), 104.4, 78.5 (C=C), 61.7 
(O-CH 2), 25.1 (-CH 2-C=). 

N,N' -Bis(3-hydroxy-n-propyl) pyromellitic diimide 
(M2). Pyromellitic dianhydride (21.8 g, 100 mmol) 3-
aminopropanol (18.75g, 250mmol) and ODCB (500ml) 
were heated to reflux. The reaction mixture was slowly 
distilled during 3 h until the volume was reduced to 
200 ml. The reaction solution was cooled to room tem
perature and the precipitate was filtered off. The crude 
product was crystallized from ODCB and dried in vacuo. 

HO 

M 1 

~o 
0 0 

... 

Yield 88%. Tm=240°C. IR (cm- 1): 3285 (OH), 3050 
(CH arom.), 2970-2890 (CH aliph.), 1776, I 720 (C = 0, 
imide). 1H NMR (DMSO-d6): 8.15 (s, 2H, arom.), 4.44 
(t, 2H, -OH 1=5.2Hz), 3.73 (t, 4H, >N-CH 2- l= 
7.7Hz), 3.51-3.42 (m, 4H, -O-CH 2), 18.2-1.73 (m, 
4H, -C-CH2-C-). 13C NMR (DMSO-d6): 166.1 (C=O, 
imide) 136.9 116.9 (arom.), 58.49 (O-CH2-), 35.72 
(>N-CH2-), 30.83 (-CH 2-CH2-CH2-). 

Polymerisation 
Polymer synthesis is shown in Scheme 2. 
Polyester PEI, PE2, and PE3. Monomer Ml, M2, or 

their mixture (2 mmol) and ODCB (5 ml) was heated to 
I 00°C under nitrogen flow and cooled down. Sebacoyl 
or isophthaloyl chloride (2.02 mmol) were added to the 
mixture and the solution temperature was raised to 
140°C. Then the reaction was followed by FT-IR spec
troscopy until the absorption band of acid chloride 
carbonyl (1780 cm - 1) completely disappeared. The re
action mixture was poured in methanol and the poly
mer precipitated was filtered off, washed with methanol 
and dried in vacuo at room temperature. 

Polyurethanes PUJ and PU2. Monomer Ml, M2 or 
their mixture (2 mmol) and DMSO (5 ml) were heated 
to I00°C under nitrogen flow and cooled down. Hexa
methylene diisocyanate (2 mmol) was added to the 
mixture and the solution temperature was raised to 
l 50°C during 2 h under nitrogen flow and maintained at 
this level until the absorption band of isocyanate at 
2260 cm - 1 completely disappeared. Then the reaction 
mixture was poured in methanol; the polymer pre
cipitated was fitered off, washed with methanol and dried 

Br 

~OH .. 
Br 

OH 

Ho/'vA.N~N/'vA.oH 

0 0 

M 2 
Scheme I. 
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Scheme 2. 

in vacuo at room temperature. 
PEI: IR (cm- 1): 3080 (C-H arom.), 2970-2890 (C-H 

aliph.), 2210 (C=C), 1730 (C=O, ester), 1620 (C=C 
arom). 13C NMR (ppm) (CDC13): 173 (C = 0 ester), 
133, 128, 127, 119 (arom.), 100, 79 (C=C), 61 (OCH 2-), 

34, 29, 24 (aliph), 20 ( = C-CH 2). 

PE2: IR (cm - 1 ): 3050 (C-H arom.), 2950-2900 (C-H 
aliph.), 2210 (C=C), 1730 (C=O, ester), 1610 (C=C 
arom). 13C NMR (ppm)(CDC1 3): 166 (C = 0 ester), 139, 
128, 127, 119 (arom. anthracene), 134, 131, 130, 129.5 
(arom. benzene), 102, 79 (C=C), 61 (OCH 2-), 20 (=C
CH2). 

PE3: IR (cm- 1): 3080 (C-H arom.), 2950-2900 (C-H 
aliph.), 2210 (C = C), 1780, 1730 (C = 0, ester and imide), 
1610 (C=C arom.). 13C NMR (ppm) (CDC1 3): 166.5 
(C=O, imide), 166 (C=O ester), 133, 128, 127, 119 
(arom. anthracene), 134, 131, 130, 129.5 (arom. iso
phtalic), 137, 117 (arom. pyromellitic), 102, 79 (C=C), 
61 (OCH 2-), 20 (=C-CH2). 

PUl: IR (cm- 1): 3400 (N-H urethane), 3060 (C-H 
arom.), 2950-2850 (C-H aliph.), 2220 (C = C), 1720 
(C=O, urethane), 1610 (C=C arom.). 13C NMR (ppm) 
(DMSO-d6): 156 (C=O, urethane), 133, 128, 127, 119 
(arom.), 101, 79 (C=C), 61 (OCH 2-), 40, 29, 26 
(hexamethylene spacer), 20 ( = C-CH 2). 

PU2: IR (cm - 1 ): 3400 (N-H urethane) 3060 (C-H 
arom.), 295-2850 (C-H aliph.), 2220 (C = C), 1720 
(C=O, urethane), 1610 (C=C arom.). 13C NMR (ppm) 
(DMSO-d6): 166 (C=O, imide), 156 (C=O, urethane), 
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133, 128, 127, 119 (arom. anthracene), 137, 117 (arom. 
pyromellitic), 101, 79 (C=C), 61 (OCH 2-), 40, 29, 26 
(hexamethylene spacer), 58, 36, 30 (trimethylene spacer), 
20 ( = C-CH 2 ). 

Measurements and Sample Preparation 
The relative molecular weights of polymers PE 1, PE2, 

and PE3 were determined using Varian 9012 GPC 
instrument at 30°C in CH2Cl2 with the polystyrene 
standard, universal column, and flow of 1 ml min - 1 . 

Inherent viscosity was measured 0.5 wt% solution in 
N-methylpyrrolidone (NMP) (PUl and PU2). DSC 
and TGA were performed at a heating rate of 10 
and 5°C min - i, respectively under nitrogen with a du 
Pont 2100 machine. FT-IR-spectra were taken using a 
Nikolett 510p spectrometer. UV-visible spectra were 
taken using a Shimadzu UV-260 spectrometer in chloro
form or in films spin coated onto quartz plates. 1 H NMR 
and 13C NMR spectra were taken using a Varian 
spectrometer at 300 MHz and 75.5 MHz, respectively, in 
CDC13 or DMSO-d6 with tetramethylsilane (TMS) as 
the internal standard. Photoluminescence was measur
ed using a Perkin-Elmer 630-I0S fluorimeter in CHCl 3 

for polyesters and in N-methylpyrrolidone (NMP) 
for polyurethanes solution or in solid films with exci
tation wavelength of 300 nm. Excitation spectra of the 
polymers were measured with emission wavelength of 
420nm. 
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RESULTS AND DISCUSSION 

All polyesters were soluble in chlorinated solvents 
such as chloroform, dichloromethane, or ODCB and 
gave optically transparent films with strong luminescence 
when casted. The molecular weights of the polymers 
(Mw) found by GPC were of 18000, 21000, and 16500 
for PEl, PE2, and PE3, respectively, with polydispersity 
index of around 3.5. According to X-ray diffraction data, 
the polyesters were generally amorphous with crystallin
ity of 14, 6, and 6% for polymers PEl, PE2, and PE3, 
respectively. The relatively high crystallinity of PEl 
compared to the others reflects the presence of long 
octamethylene spacer which makes it easier for the 
polymer chains of PEl to be ordered. 

DSC curves of polymers PE 1, PE2, and PE3 are shown 
in Figure 1. PEI exhibited a glass transition at 75°C, 

1 
.., 
ro 
(l) 

I 

PE3 

PE2 

PE2 at 65°C, and PE3 at l 72°C. A large difference 
between the glass transition temperature of PEI, PE2, 
and PE3 is due to the presence of mide moieties in the 
latter. All polymers showed exotherm peak with maxima 
around 250°C due to the thermal cross-linking of the 
triple bonds (IR spectra of the polymers showed no 
absorption band at 2210 cm - 1 after such thermal treat
ment and the polymers lost their solubility). According 
to TGA data polymers PEI, PE2, and PE3 showed 5% 
weight loss at 300, 280, and 250°C, respectively. 

Figure 2 shows UV-Visible absorption, emission and 
excitation spectra of films of polymers PEI and PE3. 
The absoption and emission spectra of PE2 are similar 
to those of PE 1 and not shown in the Figure 2. Both 
spectra exhibit a characteristic band of 9, 10-diethynyl
anthracene moiety in the range of 435-250 nm. PE3 
Shows an additional weak shoulder with a maximum 
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0 
VJ 
.c 
<( 

50 

-~--------

PE1 

100 150 200 250 300 

0 
Temperature C 

Figure 1. DSC curves of polymers PEI, PE2, and PE3. 
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Figure 2. Absorption (1 and 2) and emission (3 and 4) ().ex= 300 nm) spectra of films of polymers PEI and PE3, respectively, and excitation 
spectrum of PE3 (5) ().em =420 nm). 
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around 510 nm. This absorption can be explained by 
charge transfer complex (CTC) formation of donor 
9,10-diethynylanthracene moiety with the acceptor pyro
mellitic diimide fragment. This was proven by emission 
and excitation spectra of the polymers. Polymers PEl 
and PE2 showed emission spectra with maxima around 
470-480 nm, while PE3 exhibited fluorescence with a 
maximum at 600 nm and a maximum at 508 nm in the 
excitation spectrum. This means that in the case of PEl 
and PE2, excited 9,10-diethynylanthracene moieties are 
light emitting units while in the case of PE3 the existed 
CTC states are responsible for fluorescence. The bath
ofluoric shift of the fluorescence maximum for PE3 is 
due to the smaller difference in energy between the 
highest occupied and lowest unoccupied molecular 
orbitals (HOMO and LUMO, respectively) in CTC 
compared to the 9,10-diethynylanthracene unit alone. It 
is noteworthy that CT absorption and emission bands 

..... 
co 
Q) 

I 

50 

PU2 

100 150 

were observed only in films. In solution the emission 
spectra of all polymers were identical to PEI. This means 
that CTC formation takes place only in the solid state 
not in solution. 

Polymers PUl and PU2 were soluble in NMP and 
DMSO and showed inherent viscosities of 0.49 and 
0.61 dlg- 1 respectively. The former gave an opaque 
cast-film when cast while the latter gave a film of good 
optical quality. According to X-ray diffraction data PUl 
was semicrystalline with crystallinity of 12% whereas 
PU2 was almost totally amorphous. This difference is 
due to the fact that PU2 is a random copolymer. 

DCS curves of polymers PUl and PU2 are shown in 
Figure 3. Both showed a glass transition around 100°C 
and an exotherm peak with the maximum at 250°C due 
to the thermal cross-linking of the triple bonds. Ac
cording to TGA data, the polymers lost 5% of their 
weight on heating to 150°C due to evaporation of 
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Figure 3. DSC curves of polymers PU! and PU2. 
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Figure 4. Absorption (1 and 2) and emission (3 and 4) (Aex = 300 nm) spectra of films of polymers PU! and PU2, respectively, and excitation 
spectrum of PE2 (5) (Aem = 420 nm). 
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absorbed water and traces of DMSO used as solvent 
for the polycondensation. The polymers maintained 
their weight on heating to 280°C where the thermal 
decomposition started. 

UV-Visible abosrption, emission and excitation spec
tra of the films of polymers PU! and PU2 are presented 
in Figure 4. As can be seen from the figure, the absorp
tion and emission spectra of polymers PU! and PU2 
are similar to those of PEI and PE3, respectively. The 
CTC band can be seen in the absorption spectra of the 
PU2 around 500 nm and the emission spectra of PU2 
suffers a bathofluoric shift of about 120 nm as compar
ed to that of PU! due to the luminescence from the ex
isted CTC in PU2 which also proved by the maximum 
at 505 nm in the excitation spectrum of PU2. 

An electroluminescent device with PE3 has been made. 
The device consists of ITO coated glass, CuPc (20 nm 
evaporated), PE3 (dissolved in chloroform and spin
casted for thickness 50 nm), and Ca ( I 00 nm evaporated). 
After the PE3 layer was spun the film was baked for 
16 hat 70°C to drive off the solvent. This device showed 
diode behavior and emitted light with turn-on voltage 
of about 10.5 V, which is reasonably low. The spectra 
of electroluminescence were similar to the emission 
spectra of the polymer, suggesting that the nature of the 
emitting units was essentially the same in both cases 
(exited CTC). The internal efficiency of electrolumi
nescence was low, reaching only 0.002%. 

The polymers prepared in this article showed differ
ences from those synthesized previously. 16 •17 The first 
one is a long wave shift of the long wave absorption 
maximum by 30---40 nm due to expanding of the con
jugated system in 9, I 0-diethynylanthracene moiety as 
compared to anthracene. The second is increase in 
donor-acceptor interaction in polymers PEI, PE2, PE3, 
PU!, and PU2 as compared with those synthesized 
previously. Thus, polymers containing pyromellitic di
imide and anthracene moieties exhibited no CT ab
sorption band in the absorption spectra. 16 This dif
ference can be explained by the expanded conjugation 
system in 9, 10-diethynylanthracene moiety which makes 
its ionization potential lower. The third is that polymers 
synthesized previously16 showed no measurable elec
troluminescence while PE3 exhibited electrolumines
cence with turn-on voltage of 10.5 V. This difference is 
probably due to the stronger donor-acceptor interaction 
in the latter which makes charge separation easier. 

However, the triple bonds in the polymers showed 
decrease of thermal stability. Thus, all polymers contain
ing 9, 10-diethynylanthracene moiety underwent thermal 
crosslinking by triple bonds at around 250°C while poly
imides containing anthracene chromophore 16 •17 did not 
undergo chemical transformation at this temperature and 
showed 5% weight loss in the region of 360---420°C. 
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In conclusions, novel polyesters and polyurethanes 
were synthesized containing 9, 10-diethynylanthracene 
and pyromellitic diimide moieties derived from novel 
monomer 9, 1 0-bis(4-hydroxy-l-butynyl)anthracene. The 
polymers were semicrystallines and soluble in common 
organic solvents and showed strong luminescence with 
maxima around 480 and 600 nm for polymers PE 1, PE2, 
PU!, and PE3, PU2. For polymers PE3 and PU2 CTC 
formation between 9, 10-diethynylanthracene and pyro
mellitic diimide moieties occurs. Bathofluoric shift of 
the emission maximum for polymers PE3 and PU2 was 
due to the fact that exited CTC states are responsible 
for fluorescence. The polymers were electroluminescent. 
Thus, PE3 showed orange electroluminescence with turn
on voltage of 10.5V and internal efficiency of0.002%. 
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