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Summary

A new class of soluble polg{phenylenevinylene)-modified conjated polymers with a
simple aromatic unit of3,4-bis(phenylene)-3-cyclobutene-1,2-dione in thain chain was
synthesized by the dehalogenation polygdenation and the Heck reaoti. The monomer
and the polymers were characterized byIRT 'H-NMR, UV-visible, Elemental Anaylsis,
TGA and DSC. The resultant polymers were obtained as yellow povidened the
brittle film from the DMAc solution. These polymers were soluble in polar aprotic
solvents, such as NMP, DMAc, DMF and DMSO. The present polymers shawpads
bands in the range of 286~325nm, corresponding toTte electonic transition of the
conjugated polymer b&bones. The photoluminescenceespum of the polymer shows
a peak at 471nm vile the polymer2 has the peak at 522nm witbMAc solution, in the
blue emission region.

Introduction

The development of aromatic and/or heteroaromaticonjugated polymers showing
electroluminescence has become an extensive area of academimdasttal research
because of the potential application such as light-emitting diodes (LEDs) of this
technology®’. Application of conjugated polymers as active layers in LED®rs the
several advantages such as low cost and easy fabrication due to the spin coating
processibility. Since the first pert of polymer lightemitting diodes based on paoby(
phenylenevinylene) (PPV) bBurrougheset al’, a variety of conjugated polymers, such
as  poly(phenylphenylenevinylefig) poly(-phenylene)’,  polythiophen&™,  poly-
quinoling®, polypyridiné*** and poly(pyridylylen€}™, have been investigated to
fabricate high pdormance display deses. Recently, othegroups’ have reported new
soluble conjugated polymers that could be achieved byodating well-defined
lumophores into the polymenain chain to obtain the blue emw@si But, these polymers
inevitably contain saturated angon-conjugited spacergroups between the Ilumophores
that act as a barrier to the injection and mobility of the charge carriers.fdreeré seems
desirable to develop a new series of solulieonjugated polymers that control the
conjugation length to realize thkat wawelength emission.
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Recently, we rported a new class of soluble pgyghenylenevinylene)-modified
conjugated polymer having a simple aromatic u@i#4-bis(phenylene)-3-cyclobutene-1,2-
dione, in the polymer main chdinThe optical propeties of which, however, have not
been reported yet.

In this paper, we report synthesis andica propeties of new solublePPV deriatives
containing an eleodbn withdrawing 3-cyclobutene-1,2-dione @ty in their main chains.

Experimental

Materials

All chemicals were purchased from Aldrich, Junsei and Merckentical company.
NiCl:6HO was dried at 60°C under vacuum. Triphenylphosphine YRR&s purified by
recrystallizationfrom hexane. Powdered zinc was purified by stirring wéitetic acid,
filtering, washing thoroughly with ethyl ether, and drying at 60°C under vacuum. All the
solvents such as DMAc and DMF were dried witphprpiate drying agents such as
magnesium sulfate, then distilleshder reduced pressure, and stored over 4Aecotar
sieve. Thep-divinylbenzene was separatdtbm a mixture of p- and m-divinylbenzene
according to theliterature procedur€. The triethylamine was distilled over Catand
stored with a 3A molecular sieve.

Measurements

'H-NMR spectra were taken on Bruker AMX 500 using standard maneters and
DMSO+, or CDCl, as a NMR solvent. FT-IR sptra were taken on a @Rad Digi Lab
Division FTS-165 using KBr gllet. Elemental analysis was taken on a EP0O8 Fisons.
Thermograumetric analysis (TGA) was measured on a Du Pont m@&i& coupled to a
Du Pont Thermal Analysis StatioB900 at a kating rate of 10°C/minhunder nitrogen.
Differential Scanning Calorimetric (DSC) analysis wasfgened on a Du Pont 910.
Mass spectra were reded on a JeoMS-DX 303 GC/MS sy®em using an electron
impact mehod. UV-visible absorption (Abs) and Photoluminescence (Plectsp were
investigated inDMAc solution and thin ifms castfrom DMAc solution onto glass, using
a Shimadzu UMWM2101PC UV-visible scanning eptrophotometer and ISS PC1
spectrofluormeter.

Synthesis of mononi&(3,4-bis(4-bromophepiena-3-cyclobutene-1,2-dione)

The mixture of squaric acid3.04g, 26.6mmol), thionyl chloride (6.42g, 54.0mmol) and
catalytic anount of DMF was stirred at 65°Gor 2h. Then the Friedel-Craftgaction was
carried out with bromobenzene (20mL) and aluminum chloride (8.50g, 63.8mmol). The
mixture was poured into ater (20mL) and extractedrom ethyl ether. The ether layer
was dried over magnesium sulfate and thenperated to obtain therwude residue. The
crude residue was cnydlized from ethanol and diected by filtration and dried. Yield:
4.84g (46%); m.p. (DSC) 172°CH-NMR (CDCL) & 7.9 (4H, 2-H and 6-H)g 7.6 (4H,
3-H and 5-H); IR (KBr) 1780cih and 1718crh (C=0), 1585cm and 1489cm
(aromatic C=C); Mass (Mt 392g/mol; ANAL. Calcd. for GH,O,Br,; C, 48.9; H, 2.04;
O, 8.16; Br, 40.77, Found: C, 48.58; H, 2.04
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Synthesis of polymer: Poly(3,4-bis(peme-3-cyclobutene-1,2-dion&)[1]

To a stirred, deep blue solution of NJGHO (1.18g, 5mmol) and triphenylphosphine
(5.2g, 20mmol) inDMF (25ml) under nitrogen at 50°C, zinc powder (0.32g, 5mmol) is
added. After 1h, the color of the mixture has changed to reddish brown. After the red-
brown catalyst hadformed, dibromide monomer (1.96g, 5mmol) was added to the
reaction mixture. The reaction wasnowcted at 80°Cfor 24h. The redting mixture was
poured onto a large amount of concategd hydrochloric acid-methanol (B). The
polymer was collected, washed with methanol and dried in vacuum at f80°24h. The

yield was 0.68g. (60%); 'H-NMR (DMSO-<d,) & 7.5-7.6ppm (8H, amatic C-H); IR
(KBr) 1759cnt and 1724cm (C=0) 1604cni and 1489cm (aromatic C=C)

Poly(3,4-bis(pheyleng-3-cyclobutene-1,2-dione-1,4-phgienevinylene)2]

Triethylamine (0.35mL, 2.5mmol) was added to a solution mtivinylbenzene (130mg,
1mmol), dibromide monomer (392mg, 1mmol), Pd(QA¢.0mg, 0.04mmol) and to-
tolyphosphine (60.9mg, 0.2mmol) in 5mL ®@MF. The eaction mixture was heated at
100°C for 5h under a nitrogeatmosphere and themoured onto 20mL ofnethanol. The
precipitated polymer was collected by filtration ahdther purified by redissolving in a
minimum amount of hotDMAc and pecipitating from acetone. The yield wa$.30g
(83%); 'H-NMR (DMSO4d,) J 7.5-8.0ppm (8H, amatic C-H) & 5.5-6.5ppm (2H, Ch);
IR (KBr) 1777cm' and 1720cm (C=0) 1595cn and 1510cm (aromatic C=C)

Results and Discussion

The syntheticroutes to the monomer and the modified PPV polymers are described in
Scheme 1. The polymet was prepared by the dehalogenation polycoratéms of a
dibromoaronatic conpound with a squaric unit as a monomer, in the presence of a
zerovalent nickel complék and the polymer2 was easily carried out in DMF in the
presence of a catalytic aunt (2%-mol.) of Pd(OAC) with the tertiary amine and
triarylphosphine under a nitrogeatmospherg The polymers were obtained as yellow
powder and formed the brittle filfrom the DMAc solution and polymers were soluble in
polar aprotic solvents, such adMP, DMAc, DMF and DMSO. The polymers were
measured at inherent viscosity IDMAc at 30°C. At the concerdtion of 0.5g/dL,
inherent viscosity was in the vicinity di.16dL/g in the polymerl and 0.40dL/g in the
polymer 2. The glass transition temperature of the polymers can't be detected by DSC.
The thermal stability of the polymers was examined by TGA. The weight loss of a the
polymers began to start at 200°C ancordance with the onset ring-openitgnperature of
the cyclobutenedione, as assessed by TGA. It is known that the cyclobutenedione ring can
open to form a highlyeactive bisketen@ipon thermolysis and furthenejds the acetylene
by ejecting two molecules of d@on monoxide ag¢levated temperatufe

The polymer 1 exhibited an IR almption band at 1759chm and 1754cr{two-
carbonyl absorption band) and an absorption band of C-Br band (428sm the
monomer) disappeared. In the polymgr a weak sharp absorption peak at 95Qcm
corresponding to the out-of plane bending mode of tthesvinylene groups, appeared,
and this implied that the newlyfformed double bonds weremainly in the trans
configuration. The'H-NMR spectrum of the polymet showed peaks in the range 6f
7.5~8.2ppm due to the amatic protons of the benzene ring. The madic proton ortho to
a cyclobutenedione moiety in theonomer had a chemical shift & 7.9ppm, which was
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as high as that of the protoortho to the carbonyl group in 4,4-difluorobenzophenone.
This implied that the whole of the cwytlutenedione moiety itselfprovided letter
elecron-withdrawing chacter than a single-daonyl group. In the polymer2, new
vinylic proton peaks appeared @ 5.5ppm (douket) and & 6.5ppm (doulet). These
results indicated that polymerization was successfully carried out.
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Scheme 1. Synthesis of Monomer and Polymers

Figure 1 and 2 show the UV-visible absorptionedpa and thephotoluminescence
spectra of the polymers iDMAc solution and thin ifm coated on a quartz plate. As
shown in the absorption spectra giiie 1), the polymerl had an absorption band at
286nm in DMAc solution and at300nm in the case of thelmh. These abmrption bands
attributed to theremt electonic transitions of the conjugated polymer kizanes. Then,
the polymer 2 had the maximum absorption wavelength at 325nm for HDMAC
solution and film (Fyure 2). It has beenell established that the wavelength of maximum
absorbance in the-phenylenevinylene series increased (red shift) as the number of
conjugated phenylenevinylene sequence incréasddus, the differences in the UV
absorption for the polymet verses the polyme2 suggested that the conptgon length of
the consecutively substituted phenylenevinylene be different in two polymers. Since the
polymer 2 exhibits a longer waslength of absorption maximum than the polynierit is
suggested that the polym@rhave the structural sequence with the extended conjugation
length. With an excitation wavelength &fLOnm, theemission spectra of the polymér
gave a peak at 471nm IDMACc solution, and at 492, 530nm in théni, indicating a blue
emission. On the other handedause an aliphatic vinygroup was incorpated into
polymer main chain, the polyme2 exhibited maximum emission bands a22nm (an
excitation wavelength 0822nm) inDMAc solution and589nm (an egitation wavelength
of 340nm) in the ifm, respectively. The PL spectra of the polymershow longer
wavelength emission than the polymér This result indicates that the extended
conjugation system was effectiveiprmed in the polymer2. In the polymer2, the PL
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spectrafor the ilm are stongly red-shifted versus the solution samples. The strong PL
band at 589nm, which disappeared on dilution by the solvent, might beatgzhday the
excitons, which migrated to the aromatic pairs feom the eximers or the ggregate
states developed by interchain interactibns
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Figure 1. UV-visible absorption and photoluminescence spectra of polymer 1 ; The
concentration of the polymer 1 / DMAc solution was 2.4x10” M (repeating unit based).
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Figure 2. UV-visible absorption and photoluminescence spectra of polymer 2 ; The
concentration of the polymer 2 / DMAc solution was 8.0x10™ M (repeating unit based).

In conjunction with the change in the optical spectra presenbedea these results
indicate the presence of additional low-gjeemitting states in these systems. We may



564

suggest that these low-energiates be charge transfer effect between aobtytenedione
ring moiety and a phenylenevinylene moiety or tlygracgte site€”, where the ground
state and excited state wdwection can delocalize over the several chains. The film
samples show a tendency towards the formation of fugegate states, and it is possible
that higher PL efficiencies may be achievieugh the control of aggrateformation.

In conclusion, we report here the synthesis and the pgrepasf a new, soluble modified
PPV polymers, which have a simple m@uatic unit, 3,4-bis(phenylene)-3-cyclobutene-1,2-
dione, in the polymer main chain. These polymers were synthesized by the dehalogenation
polycondenation and the Heck reaoh. These wll-known methods in principle can be
applied to the preparation of a great number of polyconjugated systems having aromatic
rings in the main babone. The redting polymers were soluble in polar aprotic solvents,
such as NMP, DMAc, DMF and DMSO. The present polymer-DMAc solutions show
photoluminescence at 471nm and 522nm in case of the polgmend the polymer2,
respectively. The electroluminescence of light-emitting diode structures fabricated with
the present polymers is being investigated.
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