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Burroughes et al. first introduced conjugated poly-
(phenylenevinylene) (PPV) as an organic electrolumi-
nescent (EL) material for light-emitting diodes (LED)
in 1990.1 Tremendous progress has been made since
then in the discovery of new polymers and in the
performance of the related LED devices.2 The colors
emitted by the current polymers span almost the whole
range of the visible spectrum with the exception of blue.
Stable, efficient, and high-brightness blue light emitting
materials are desirable for full color display applica-
tions. These materials can also serve as energy-transfer
donors in the presence of lower energy fluorophores.3
Recent material research has been focused on the
synthesis of polymers with large energy band gaps to
emit blue light.4-8

An effective approach to achieve large energy band
gaps for blue light is to control the conjugation length.
For example, the introduction of meta linkages in the
PPV type of polymers leads to the interruption of
conjugation.9 An alternative approach is to incorporate
the well-defined conjugated chromophores in polymer
side chains10 or main chains. In the latter case, the
conjugation length of the chromophores can be con-
trolled by introducing flexible nonconjugated spacer
groups. This approach has been demonstrated in several
examples.11 However, the incorporation of such flexible
spacers into a rigid conjugated polymer backbone re-

duces its stiffness, thus affecting the microscopic mo-
lecular order of the polymer12 and also leading to high
turn-on and operating voltages.

In this paper, we report on the design, synthesis, and
characterization of a new blue light emitting polymer
P1 (Figure 1) containing adamantane as a rigid spacer
group. For comparison, a similar green light emitting
polymer P2 containing a phenylenevinylene (PV) seg-
ment has been synthesized. Adamantane has been
incorporated into polymers because of its rigid and
spherical structure, which provides unusual physical
and thermal properties.13 The incorporation of the
adamantane spacer group is expected to increase the
glass transition temperature (Tg), thermal stability,
chain rigidity, and solubility, to reduce crystallinity, and
to prevent the aggregation of chromophores in the solid
state.14 Compared with P2, the use of electron-rich and
more bulky naphthalene units modifies the band struc-
ture and molecular conformation of the polymer.15 The
degree of conjugation between the naphthalene moiety
and the vinyl double bond, naphthalenevinylene (NV),
is lower compared with that between a benzene ring and
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Figure 1. Chemical structures of polymers and model com-
pounds.
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a vinyl double bond (PV), resulting in a shorter effective
conjugation length and a blue shift in emission.16 Thus,
we can effectively control the conjugation length of the
polymer to tune the emitting color. The long side chains
in both polymers are introduced to enhance the solubil-
ity of the polymers. To demonstrate the concept that
adamantane is an effective spacer, two model com-
pounds, M1 containing a NV segment and M2 contain-
ing a PV segment, were synthesized.17

The synthesis is shown in Scheme 1. Compounds 1
and 3 were synthesized according to modified literature

procedures.18,19 Monomers 2 and 4 were prepared by the
Horner-Emmons reaction and are highly fluorescent
crystals.20 The large alkene coupling constants of 17 Hz
observed in the 1H NMR spectra and the FTIR band at
960 cm-1 indicate exclusive trans-olefin bonds. Monomer
6 was synthesized from its diiodide precursor 5.21,22 The
synthesis of the model compounds and the polymeriza-
tion were carried out via the Suzuki coupling reaction.23

The model compounds and polymers are highly fluores-
cent materials. M1 and P1 are blue fluorescent, while
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Scheme 1. Synthesis of Polymers and Model Compounds
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M2 and P2 are green fluorescent. The polymers are
soluble in organic solvents such as THF, chloroform, and
1,2-dichloroethane. A pinhole-free thin film was ob-
tained easily by spin-coating. The molecular weight of
the polymers were determined by size-exclusion chro-
matography (SEC) using polystyrene standards in THF.
P1 has a weight-average molecular weight (Mw) of
17 900 with a polydispersity of 2.30, and P2 has a Mw
of 18 800 and a polydispersity of 1.79.

The polymers possess excellent thermal stability. P1
shows an onset thermal decomposition temperature (Td)
at 362 °C and a Tg at 151 °C. P2 has a Td of 411 °C and
a Tg of 152 °C. The results indicate that the adamantane
moiety increases the rigidity of the polymer main chain,
resulting in high Tg and Td. A relatively low Tg has been
reported for polymers containing flexible spacer groups.24

No other thermal transitions were observed for both
polymers before their Td. This is consistent with our
design that the adamantane moiety decreases possible
crystallinity and thus offers an amorphous homogeneous
polymer.

The UV-vis and photoluminescence (PL) spectra of
the model compounds and polymers in toluene, obtained
with a FluoroMax-2 spectrometer, are shown in Figure
2. The UV-vis spectra of M1 and P1 are almost
identical. Both have strong absorption bands at 373 and
395 nm, which might be attributed to the π-π* transi-
tion of the conjugated segment. Similarly, M2 and P2
show almost identical absorption spectra, with λmax at
407 nm. The blue shift of λmax of P1 relative that of P2
suggests that incorporation of the naphthalene unit into
the backbone twists the vinyl double bond out of the
plane of the aromatic ring more than a simple benzene
and forces the π conjugation to be less extended. This
explanation is also supported by the PL spectra.

In a dilute solution, P1 and M1 show almost identical
PL spectra. This is also observed for P2 and M2. The
almost identical UV-vis and PL spectra of the model
compounds and the polymers confirm our design that

the active chromophores in solution are the NV and PV
segments for P1 and P2 and that the adamantane unit
is an efficient π-conjugation interrupter. In solid thin
films, the main emission peaks of the polymers shift to
longer wavelength (Figure 3). P1 showed blue emission
at 470 nm while P2 had green emission at 516 nm.

Single-layer LED devices indium-tin oxide (ITO)/
polymer/Mg:Ag were fabricated by spin-coating the
polymer solution onto an ITO-coated glass substrate.
The coating thickness was about 700 Å, and the active
device area was 0.1 cm2. All of the devices exhibited
typical diode behavior. The EL spectra of the polymers
are shown in Figure 3. P1 showed blue emission at 470
nm where the PL emission also appeared. P2 emitted
green light at 516 nm, which overlapped with the PL
emission peak. These results suggest PL and EL might
experience similar excited states. The turn-on voltage
of the P1 LED is 5.5 V (Figure 4). Thus, we have
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Figure 2. UV-vis and PL spectra of polymers and model
compounds in solution.

Figure 3. EL and PL (solid thin film) of the polymers.

Figure 4. Current density-voltage characteristic for a single-
layer LED device fabricated from P1.
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demonstrated that our adamantane-containing poly-
mers show relatively low turn-on voltages compared
with polymers containing other saturated and noncon-
jugated spacer groups.25

In summary, we have synthesized and characterized
new light-emitting polymers containing a rigid adaman-
tane moiety in the polymer main chain. These polymers
show good solubility and excellent thermal stability. The
incorporation of the adamantane units significantly
increases the Tg and Td of the polymers. Moreover, the
adamantane unit is an efficient π-conjugation inter-

rupter. In addition, blue light emission and low turn-
on voltage were obtained from a single-layer LED
fabricated from P1. LED made from P2 emitted bright
green light. By rational design of the chromophores, we
were able to effectively control the conjugation length
to tune the emitting color of the LED devices.
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