
        

Novel liquid-crystalline PPE-naphthalene copolymers displaying blue
solid-state fluorescence
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Synthesis of poly(p-phenyleneethynylene)s (PPEs) contain-
ing 1,5-diethynyl-3,7-di-tert-butylnaphthalene leads to
novel phenylene-naphthylene-ethynylene copolymers which
show strong blue luminescence in the solid state.

Conjugated polymers are organic semiconductors and find inter
alia applications in electroluminescent devices1,2 and ‘plastic
lasers’.3 We have recently reported an efficient synthesis of
high molecular weight poly(p-phenyleneethynylene)s (PPEs)
by alkyne metathesis utilizing simple ‘instant catalysts’.4 PPEs
are promising materials, because they show quantum yields of
1.0 and blue emission in dilute solution. However, in the solid
state, the emission spectra of PPEs are much weaker and
considerably red-shifted as a consequence of aggregation and
concomitant excimer formation in the solid state.5,6 Likewise
poly(3,7-di-tert-butylnaphthyleneethynylene), which we re-
cently synthesized, is effectively non-fluorescent as film or
powder.7

Herein we repot the synthesis and characterization of the
unsaturated copolymers 3 which are efficient blue emitters in
the solid state (Fig. 1). The polymers 3 are obtained by adding
defined amounts of 3,7-di-tert-butyl-1,5-dipropynylnaphtha-
lene 27 to 1,4-dipropynyl-2,5-dialkylbenzenes 1 (Scheme 1) in
our alkyne metathesis protocol utilizing an instant catalyst
formed of Mo(CO)6 and 4-chlorophenol.8† The catalyst and a

varying ratio of monomers 1 and 2 were stirred in 1,2-di-
chlorobenzene at 140 °C for 11–25 h under a flow of N2. This
protocol results in a series of high molecular weight copolymers
3. Longer polymerization times give rise to higher degrees of
polymerization, as examined in the PPE system in detail.8

The UV–VIS spectra of 3a–d in dilute solution show a lmax
of 388–395 nm, very similar to that of dialkyl-PPEs (388 nm).
To our surprise, thin film absorption spectra of 3a–d are
identical to those in solution, which is in stark contrast to the
PPE case where a dramatic red-shift is observed. The unusual
optical behavior prompted us to investigate fluorescence of
3a–d. In solution an intense blue emission is observed (3a, 425
nm; 3d, 419 nm), again similar to dialkyl-PPEs (425 nm). In the
solid state, however, the situation is different, and in thin films

Fig. 1 Solid-state emission (hand held fluorescence lamp, lmax = 366 nm)
of PPE and PPE-napthalene copolymers 3: (a) didodecyl-PPE; (b) polymer
3a; (c) polymer 3c; (d) polymer 3d; (e) poly(3,7-di-tert-butylnaphtyle-
neethynylene).

Table 1 Characterization of 3a–d

GPC Absorbance/nm Emission/nm
Ratio Yield

Entry 1+2 t/h (%) Dp
a Pn

a CHCl3 Thin film CHCl3 Thin film

3a 5+1 25.5 86 96 2.9 395 395, 420 425, 446 446
3b 2+1 11 64 49 2.9 390 390, 420 422, 443 442
3c 1+1 17 79 56 4.7 391 391 421, 444 433
3d 1+2 12.5 77 42 2.3 388 388 419, 440 422

a Gel permeation chromatography results based on polystyrene standard.

Scheme 1
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of 3a–d we find emission maxima ranging from 446 (5+1, 3a)
to 422 nm (1+2, 3d), (Fig. 2), thus allowing the manipulation of
solid-state emission maximum from yellow–green to blue via
the amount of added monomer 2. The less PPE character the
copolymer 3 has, the further its emission is blue-shifted towards
that observed in dilute solution. We conclude that in the
copolymers 3 aggregation and supramolecular ordering are
efficiently suppressed by the presence of the bulky tert-
butylnaphthyl groups.9 This scenario must lead to a disordered
solid state in 3. To test this hypothesis we performed powder
diffraction on polymers 3 (Fig. 3). The polymers 3a–c display a
broad diffraction peak of large intensity according to d = 4.2 Å.
This diffraction peak can be attributed to the interchain distance
of the polymers. A second, weak diffraction peak is observed at
d = 8.8–11.7 Å, but is very weak in 3a–c. In the naphthalene-
rich polymer 3d the small-angle diffraction at 11.7 Å is most
prevalent. Molecular modeling indicates that this represents the
distance between the two 3,7-tert-butyl groups on individual
naphthalene units.10

For device purposes, liquid crystalline behavior offers the
entry to polarized emission. DSC and polarizing microscopy
performed upon 3a–c shows that 3a,b are thermotropic nematic
(3a: isotropic ? nematic 160 °C DSC; nematic ? isotropic
170 °C ? nematic 149 °C, evidenced by polarizing microscopy,
cooling. 3b: 194 °C polarizing microscopy, cooling isotropic ?
nematic), both displaying Schlieren textures. Copolymer 3c

displays a broad halo at 4.3 Å, and a weak small angle feature,
suggesting either small domain sizes or a disordered structure.
No identifiable textures develop upon thermal treatment. Only
in the case of 3a is the isotropic ? nematic transition observed
in the DSC and it is exothermic, with 0.27 kcal mol21 per
repeating unit, a small but not unexpected value.11 Polymer 3d
is crystalline and does not show any phase transition up to
300 °C.

In conclusion we have presented the synthesis and character-
ization of a new series of liquid-crystalline PPE copolymers 3
which exhibit blue solid state fluorescence. The blue shift
increases with the amount of naphthalene. Particularly attractive
is the intensity of luminescence of 3 in the solid state. The
increased solid-state fluorescence is attributed to the absence of
aggregates and excimers, which normally reduce PPE’s quan-
tum efficiencies of emission in the solid state. Application of 3
in LEDs and sensory materials12 is currently being explored.
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1,2-dichlorobenzene (20 mL) were held at 140 °C under a steady stream of
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Fig. 2 Solid-state emission spectra of thin films of 3a–d and PPE.

Fig. 3 Diffraction data of polymers 3a–d.
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