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The syntheses of a series of oligo ( phenylene vinylenes)
(OPVs) were described. The extended n-chains were built up
by sequences of Wittig reactions. Their electronic structures
were systematically studied with absorption spectra, photo-lu-
minescent spectra. The influences of the effective conjugation
length on the performance of the light emitting devices were
investigated.
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Introduction

Poly ( paraphenylene vinylene) ( PPV) and its
derivatives are the subjects of continuing experimental
and theoretical efforts for their promising applications in
electronic and optical fields.' The electronic and opti-
cal properties of a conjugated organic polymer are basi-
cally determined by its effective conjugation length.* The
real conjugated polymer can be considered as an assem-
bly of the segments with different conjugation lengths
which are organized by the weak interactions between
them. Based on this conception, the electronic structure
of the polymer is dependent on the electronic structure of
the segments. The condensed entity property is depen-
dent on the Van der Waals’ interaction between the seg-
ments. The existence of molecular weight distribution
and the insolubility of pristine PPV in organic solvents a-
long with occurring structural inhomogeneities have
severely inhibited detailed studies of the intrinsic elec-
tronic and optical properties.

There are two approaches towards this strategy.

* Received February 21, 1999; accepted January 24, 2000.

One is to incorporate OPV segments with well-defined
structure into the polymer main chain or polymer side
chain.>® The other is to synthesize OPVs with well-de-
fined chemical structure and different conjugation
lengths.'®" In this paper, we synthesized a series of
OPVs with different conjugation lengths through se-
quences of Wittig reaction. The relationship between the
spectral property and the effective conjugation length is
systematically studied. The single layered light emitting
devices are fabricated with these OPVs, their I-V char-
acteristics and electro-luminescent properties are investi-

gated.
Experimental

Fig. 1 illustrated the chemical structure of the
OPVs. We have synthesized the OPVs of n =1,2,3 and
5 according to the synthetic route schemed in Fig. 2.
The detailed procedure for the synthesis of n =1 sample
was described by Gourley et al.!* The odd members of
the homologous series OPVs can be regarded as being
built up from two benzaldehyde and a xylene chain.
From the bis-phosphonium salt (A), the molecular

n=1,2,3and 5

Fig. 1 Chemical structure of the oligo( phenylene vinylene) .
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chain can be lengthened about two styryl unit, this pro-
cess is similar to that of sample n =1 via a bis Wittig
reaction with 4-methylbenzaldehyde. The following func-
tionalization was done by bromination of the methyl
groups with N-bromosuccinimide (NBS). The phospho-
nium salt was obtained by a subsequent reaction of C
with triphenylphosphine in para-xylene.

. cpp. _NBS BPO

—_
3 3 CCl,
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In principle,

NaOC 2H5
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the larger phosphonium salts were accessible in a analo-
gous reaction sequence, but the insolubility of the
lengthened bis-methyl-OPVs curbed their bromination,
consequently, only the n =5 and n =7 can be obtained
by this route in a very low yield (11% and 4% , respec-
tively) .
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Fig. 2 Synthetic route of oligo( phenylene vinylene) .

The even members of the homologous OPVs can be
derived in another way, which is also shown in Fig. 2.
The target molecule n =2 was obtained in a Wittig reac-
tion of (E) and 4-styrylbenzaldehyde (D), which was
synthesized by carefully controlled Wittig reaction of
benzalbromide triphenylphosphine and terephthalade-
hyde. With (C) and (E), n =5 sample can be ob-

tained by a bis-Wittig reaction. The pure all-trans iso-
mers of the OPVs were prepared by heating them with
catalytic amount of iodine in toluene." All the products
were purified with a colum chromatography on silica gel
except n =5 sample, whose solubility was too low to be
washed off the silica gel. This sample can be purified by
recrystallization in N, N-dimethylformide (DMF) . Fur-
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ther characterization was carried out of the purified
OPVs. The obtained physical/chemical characterization
data were as follows:

n=1 mp 273.8°C (DSC, 5C/min). dy
(CDCL): 7.54(2H, ArH), 7.49(2H, AH), 7.43
(2H, AH), 7.37(1H, AH), 7.14(1H, Vinyl H),
7.09(1H, Vinyl H). m/z(%): 282.2(M* 100).
Anal. CxHyg. Caled: C, 93.57; H, 6.43. Found:
C, 93.44; H, 6.50.

n=2 mp > 400°C (DSC, 5C/min). 8y
(CDCl): 7.51—7.43(m, 8H, ArH), 7.37(1H,
ArH), 7.10—7.06(3H, Vinyl H). m/z(%): 384.2
(M*,100) . Anal . CyHy, . Caled: C,93.70; H,
6.30. Found: C, 93.56; H, 6.42.

n=3and n =5: These two samples are too insol-
uble in available organic solvents to be characterized
with 'H NMR and common MS technique. The element
analyses gave the following data: n =3, Anal. CyHzy.
Caled: C, 93.78; H, 6.22. Found: C, 92.92, H,
6.82.n =5, Anal. CisHs. Caled: C,93.83;H,6.17.
Found: C, 93.29; H, 6.24. Their melting points are
both higher than 400°C . Their melting endothermic have
not been recorded up to 400C on DSC experiments.

The UV-visible spectra and photo-luminescent
spectra were measured on the UV-3100 spectropho-
tometer and RF5301 PC spectrafluorophotometer respec-
tively. The configuration of the light emitting device was
single layered structure, with Al and ITO as top and
bottom electrodes, OPV as emitting material respective-
ly. The I-V characteristics and electro-luminescent
properties of the devices were measured on IM-15 digi-
tal multimeter and RF5301 PC spectrafluorophotometer,
respectively .

Results and discussion

Figs. 3 and 4 show the room temperature optical
absorption spectra and photoluminescence (PL) spectra
for all four OPVs in their dilute CHCl; solution, respec-
tively. The lowest energy peaks can be assigned to the
zero-zero ( phonon) mt-1* transition.’® For n = 1, this
peak is at 3.20 eV, which agrees very well with the val-
ue reported by Tian et al." In all of the absorption
spectra, the phonon structure is evident on the absorp-
tion edges though the bands are broad. The highest en-
ergy emission peak for n = 1 is at 2.77 eV. We as-

signed this emission to the radiative recombination of a
singlet exciton from the lowest vibrational level of the
first excited singlet state to the lowest vibrational level of
the singlet ground state. The vibronic shoulders are a
common feature to most fluorescent conjugated sys-
tems. '$*® We consider the lower energy peaks to be in-
duced by the excitation of vibrational quanta due to
modes coupling excited and ground state geometries.
The energy spacing between peaks of about (.16 eV is
consistent with this assignment.
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Fig. 3 Absorption specira of the OPVs with different conjuga-
tion lengths, the curve A, B, C and D stand for the
spectrum of n=1, 2, 3 and 5, respectively.

Intensity (a.u.)
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Fig. 4 Emission spectra of the OPVs with different conjugation

lengths, the curve A, B, C and D stand for the spec-
tumof n=1, 2, 3 and 5, respectively.

The spectra from absorption and photo-luminescent
spectra described above show a monotonic red-shift with
the increase of chain lengths. To further study this ef-
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fective conjugation length dependence, we have correlat-
ed the wavelength of the lowest energy peaks with the
number of C = C bonds between two ends of the molecu-
lar chain. We extrapolated that the effective conjugation
length in the polymer is between about 30 and 50 C=C
bonds or 8 and 14 phenylene vinylene units. This value
does not agree well with those reported by Tian et al ."’
and Schenk et al .?° whose values were 10 to 17 phenyl
rings and 10 to 11 phenyl rings, respectively. The ef-
fective conjugation length estimated by our experimental
data may come from the weaker solvation effect duo to
the poorsolubility of our OPV samples in CHCl;. Ac-
cording to the results of Woo, et al.,?! the better solu-
bility implied stronger solvation effect, and the solvation
effect provided the necessary energy to overcome the po-
tential barrier and the phenyl rings torsion would be a
favorable conformation.

The single layered light emitting devices were fab-
ricated with Al and ITO as top and bottom electrodes re-
spectively. The emitting layer was made of the OPVs
described in Figs. 1 and 2, which are sandwiched be-
tween top and bottom electrodes. For samples n =1, 2,
and 3 the emitting layer was vapor deposited onto the
ITO substrates in high vacuum (about 1 x 10* Pa); but
for n =5 sample, this layer was a casting film from its
hot solution in DMF, because its sublime temperature is
too high to be suitable for vapor deposition. DSC mea-
surement presented that the decomposition temperature
of sample n =6 was about 470°C, but it cannot sublime
at 450°C in our experimental condition. Fig. 5 shows
the I-V characteristics of these devices at forward bias.
From Fig. 5, it can be seen that the turn-on voltages of
the LEDs decreased with the increasing of the oligomer
chain lengths, though this trend is not very evident in
comparison with the results reported by Yu et al.? On
the other hand, however, the increment of the inject
current with the oligomer’ s chain length is more evi-
dent. The fundamental principle for this phenomenon is
the narrowing of the energy gap between the HOMO and
LUMO energy levels in the conjugated oligomers. The e-
longation of the conjugation length in a mw-conjugated
system leads to the elevaion of the HOMO level, thereby
results in the ease of the injection of holes from the ITO
electrode. There are still an energy space between the
optical energy gap and the turn-on voltage. This dis-
crepancy may result from the device structure and the
fabrication technique. But it is imporiant to emphasize

that the I-V characteristics of these LEDs have con-
firmed the influence of the effective conjugation length
on the electronic structure of OPVs.
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Fig. 5 I-V characteristics of LEDs fabricated with different

OPVs’ films, the lines from the left to the right stand
for the samples of n=5, 3, 2 and 1, respectively.

The corresponding electro-luminescent spectra of
the LEDs described above are shown in Fig. 6. The
feature of these spectra is very similar to that of PL
spectra, and a red-shift trend of the maxima with the
conjugation length of the OPVs evidently demonstrated
in the electro-luminescent spectra. These similarity lies

6
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Electroluminescent spectra of the LEDs fabricated
with different OPVs’ films, the spectrum from bot-
tom to top corresponds to the emission of sample n
=1, 2, 3 and 5, respectively.
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in the fact that the excitons generated in the electro-lu-
minescent process are the same as those in the photo-ex-
citation process.” We noted that the emission color var-
ied from blue to yellow-green, it implies that the display
color can be adjusted by changing the effective conjuga-
tion length. The high PL efficiency (81%) and the
pure blue emission of the sample n = 1 indicate the
promising application in blue LEDs if the device struc-
ture can be optimized and the reasonable chemical modi-
fication can be introduced into this sample. Those are
our ongoing research work .

Conclusion

We have synthesized a series of OPVs containing
from two to six phenylene vinylene units with standard
Wittig reaction. The experimental data of the optical ab-
sorption and photo-luminescent spectra for these OPVs
have been presented. The absorption shows a well-de-
fined zero-zero phonon feature in the low energy side and
the maxima of the absorption and emission spectra show
evident red-shift trend. This tendency leads us to esti-
mate the effective conjugation length in PPV as 8 to 14
phenylene vinylene units. The single layered light emit-
ting devices based on these OPVs as emission materials
were fabricated. Their I-V characteristics demonstrated
the influences of the effective conjugation length on the
turn-on voltage and carrier injection ability. The electro-
luminescent spectra suggested that the display color of
the devices can be modulated by adjusting the effective
conjugation length of OPVs,
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