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ABSTRACT: Synthesis, characterization, and photophysical properties of four differamtjugated oligomers
containing alternate arylenevinylene and pyrrolenevinylene repeat units are reported. The optoelectronic properties
are traced from the molecules to oligomers and to thin films and single layer electroluminescent (EL) devices.
These oligomers exhibited strong absorption and emission correspondingrtbtransitions which vary with
electronic nature of the aryl moieties. The band gaps of these oligomers are in the rang2.0484V and they

emit in the orange to red region. The photoluminescence (PL) spectra of the oligeirelel in solution and

film state are significantly different from each other. The time-resolved fluorescence decay in dichloromethane
solution showed a fast decay profile for the anthracene-bridged oligomer and a relatively slow decay for benzene-
bridged oligomer. Polymer light emitting diodes (PLEDs) with single active layer of oligomers with the
configuration ITO/PEDOT:PSS/oligomer/Ca/Al exhibited low turn on voltages and yellow to deep red emission.
Though the anthracene-bridged oligomer did not show any detectable PL in the film state, a weak electrolumi-
nescence (EL) emission around 730 nm was observed.

Introduction Table 1. Yield (%), Mw, Mn, PDI (Mw/My), and T4 (°C) of Oligomers
(P1-P4)

The discovery of electroluminescence in pphghenylenevi-
yield (%) M2 Mi2  PDI (My/My) T (°C)

nylene)s (PPVs) has generated considerable interest in the desigrP!igomers

of a variety of new polymers and oligomérs As a result, the P1 52 5586 2527 22 413
past decade has witnessed the development of a plethora of Eg gg ig ggg 11323? iz ggg
strategies in the design of new materials and their use as active P4 53 1586 1167 14 324

components in polymer light emitting diodes (PLEDSs), thin film ) i
transistors (TFTs), and photovoltaic devided Organic semi- aDetermined by GPC, relative to polystyrene standatd$A was done
’ ) under nitrogen atmosphere at a heating rate of@nin.

conducting polymers have the inherent advantages of easy

structural modification and solution processability. From the applications are thiophene, bithiophene, benzothiazole, carba-
chemistry viewpoint, a crucial aspect of the design strategy is ole, and phenothiazine derivativés2! Polypyrroles have been
the choice of the proper monomer with suitable electron gpoyn to exhibit high redox stability, high conductivity, and
donating or withdrawing groups on the polymer backbone in petier electrochromic properties. In addition, structurally modi-
order to facilitate the modulation of the HOM@UMO gap, fied pyrroles with aromatic bridging groups have been shown
thereby allowing the molecule to emit, virtually at any wave- ¢ jnfluence the oxidation potentials for electropolymerizatfoR
length in the visible region. The selection of monomers with y6\yever, pyrroles and its derivatives have not received proper
suitable side chains greatly influences the intermolecular iention to the synthesis of electroluminescent polymers though
interactions and the electronic properties. These requirementspere is a report on a solution processable 2,5-pyrrolenevinylene
have prompted chemists to the design of a variety of copolymers ¢ 5 |ow band gap conducting polynfér.
which gllowed the control _and _tuning of the op_toelectro_nic The band gap of linear polyaromatic conjugated systems are
properties’®~** From the device viewpoint, the semiconducting getermined mainly by contributions from the energy related to
polymers should have good thermal and chemical stability and g |ength alteration, the mean deviation from planarity, the
should lead to high electroluminescent (EL).efficiency atlow 5romatic resonance energy of the cycle, the inductive or
turn on voltage. The commonly used aromatic heterocycles for yesomeric effects of the substituents, and the intermolecular
the synthesis ofz-conjugated polymers for optoelectronic o interchain interactions in the solid st&fThe changes in
such properties need to be studied when the monomers are
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Scheme 1. Syntheses of Bispyrroles (BB4) and the Corresponding Arylenevinyleneeo-pyrrolenevinylene Oligomers (P1-P4)
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During the past few years we have been interested in theto 11558 M) and from 1586 to 30583{y,), respectively with
design of arylbridged bispyrroles, which can be used as a polydispersity indices ranging from 1.4 to 4.1, indicating the
monomer for the design of a variety @fconjugated materials.  products are mainly oligomers. In Table 1, the yield, molecular
In this context, we have reported the synthesis and electropo-weight, polydispersity, and thermal stability of the oligomers
lymerization of several bispyrroles containing aromatic bridging are presented. The thermogravimertic analysis (TGA) of the
units26 They are also useful to the design of functional dye oligomers was carried out in nitrogen atmosphere at a heating
based low band gap systeRfsHerein, we report the use of rate of 10°C/min. The oligomers exhibit an onset of degradation
these fluorescent building blocks for the synthesis of arylenevi- between 324 and 41°%. 'H NMR spectra of oligomers showed
nyleneco-pyrrolenevinylene oligomers. Detailed studies on the required resonance peaks of the aromatic and vinylic protons
characterization, photophysical, and electroluminescent proper-(6 8.3—6.5 ppm),—NCH, and—OCH, protons ¢ ~4.0 ppm),
ties are reported. We trace transformations from molecules and the aliphatic protons)(2.00-0.8 ppm). In addition!H
(bispyrroles) to oligomers, and from thin films to devices to NMR spectra of oligomers also showed weak resonance peaks
reveal the comparative logic of inclusion of bridging groups at 6 9.4 (terminal G1O), and 4.4 ppm (OB, and NCH,)
and, hence, their role in tailoring the optoelectronic properties corresponding to terminal groups. The all-trans conformations

of materials derived from bispyrroles. of the oligomers were confirmed from their FTIR spectral
analysis, which revealed the absorption corresponding to the
Results and Discussion C—H out-of-plane vibrational mode of theansvinylic group
Synthesis and Characterization.The bispyrrolesB1—B4 at 950 cnr.
were synthesized as per reported proced#fr&ynthesis of the Absorbance and Photoluminescence Spectra. Bispyrrole

oligomers P1—P4 involves the Vilsmeyer formylation of = Monomers (B1—B4) in Solution. The normalized absorption
bispyrroles B1—B4, followed by Wittig—Horne—Emmons and emission spectra BfL—B4 in dichloromethane (DCM, 1¢
olefinatior?® using the required bisphosphonates in the presenceM) are shown in Figure 1, and the data are summarized in Table
of t-BuO K™ in THF (Scheme 1). Dark colored products were 2. They showed structureless absorbance maxima in the range
obtained by reprecipitation with Gigl,/ MeOH followed by 375-429 nm that are typical of their—=* transitions. A
Soxhlet extraction with methanol. The yield of oligomers ranged considerable shift int—s* transitions is noticed with change
from 52 to 73%. The number-average molecular weid) ( of the bridging units. The 1,4-dioctyloxybenzene substituted
and the weight-average molecular weightt,j of the oligomers, bispyrroleB2 showed a red shift of 13 nm when compared to
as determined by gel permeation chromatography (GPC) usingthe absorption maximum of the unsubstituted benzene derivative
THF mobile phase and polystyrene standards, ranged from 1167B1 in DCM, due to the electron-donating effect of bisoctyloxy
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Figure 1. (a) UV—vis absorption and (b) photoluminescence (PL) spectra of bispyrroles in dichloromethane solutfol )10
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Table 2. Optical Properties of Bispyrroles (B+-B4) in DCM
i 5
Solutions (10> M) 0.50 N\
Amax (nm) 0.41 \
UV-vis PL 7 (ns) 835 z
bispyrrole abg emission TATS lifetime?P
B1 397 455 (474)  0.98 [100%]
B2 410 477 (500) 1.44 [100%]
B3 375 497  3.13[100%]
B4 429 534  0.197 [83.3%)], 1.25 [16.7%] 0.00
a Absorption, emission, and lifetimes were determined in dichloromethane T R
solution.? Lifetimes were determined by fitting time analyzed transient % b ey
spectroscopy (TATS) spectra of corresponding time correlated single photon -
counting (TCSPC) photoluminescence decay. po
A
groups. On the other hand, a 22 nm blue shift can be noticed in %
the absorption maximum of the naphthalene-bridged bispyrrole S
B3 when compared to that of the bispyrrd¥d, indicating a 2.0
less planar conformation of the-backbone, due to the steric '
requirement of the 4,8-bisoctyloxynaphthalene groups. However, 243
the anthracene bridged derivatiBal showed maximum red- -2.49
shifted absorption spectra with the absorption maximum around .2.59
429 nm. 2.66
The PL emission spectrum of the unsubstituted divinylben- j%:@%
zene-bridged-bispyrrolB1 is significantly different from those -2.80
of B2—B4. The former shows a structured emission with two Configuration Coordinaie —

maxima at 455 and 474 nm. The bisoctyloxybenzene-bridged

compoundB2 showed an emission maximum at 477 nm with Figure 2. Schematic configuration coordinate diagram for the purpose
of comparison. Total energy corresponding to LUMO was taken as

a shoulder around 500 nm, whereas the bisoctyloxynaphthaleneseference. Energies corresponding to band gaps (HOMIMO) were
bridged derivativeB3 and anthracene derivatiié4 showed  calculated from onsets of absorption spectra of bispyrroles in solution.
broad emission spectra with maxima around 497 and 534 nm
in DCM. ltis interesting to note that the naphthaleBd)and units in the presence of the side chain causes significant
anghracenem) derivatiV(Ies Shlswed large Séokes hShift ﬁf 122 (distortion affecting both coordinate and curvature significantly.
and 195 nm r_espective y, when compared to the other two Oligomers (P2—P4) in Solution. The normalized absorption
gﬁngazt'\r/:g' v;?;ﬁ/k;lshowed Stokes shift of 58 and 67 nmEfbr and emission spectra of oligomdPd—P4 in DCM are shown
) P y: o in Figure 3, and the photophysical data are summarized in Table

The difference betweeB1 and B2 lies in the presence of 3 p1_py show structureless absorption spectra with their
the electron donating side chains of the latter, which reduces ,4vima in the range of 446538 nm and are typical of—*
both the energy of absorption and emission. The trend of transitions. The oligomé?P2 showed a red shift of 36 nm when
lowering peak energy of absorption and emission simultaneouslycompared to the absorption maximurrRiindicating electron-
continues with the introduction of anthracene as the bridging donating effect of bisoctyloxy groups as observed in the

upl'lt?;:;;hel trerrlld |r;1tr\1; S?n”?l’ Bi’ ZH?BA' I(i\gnttr; trr:e ei>t<r(]:erpt(|10n ¢ corresponding bispyrrole. There may be some contribution to
0 clearly shows Increased delocalization, €iiner aue 10 4 gpig o spectra due to molecular weight difference® df
electron-donating side chains or the aromatic group which in . . g

; . andP2. The absorption maxima d¢¥1 and P2 exhibited large
trn leads to progressive decrease in the energy gap. Vvered shifts of 105 and 128 nm, respectively, compared to those
summarize these conclusions in a simplified configuration for their corr nding bi r’r IeEg nng,Th pl e red
coordinate diagram as shown in Figure 2. We kept the total ?fft € Cott?ts)ptodt ?h sp);] 0 daff t'. ese atge ? h
energy corresponding to LUMO as the reference and adjustedS IS are atiributed to the enhanced eflective conjugation 'eng

of the oligomers. The absorption maxima of oligomeBand

the mean coordinate and curvature of HOMO level of the P4 60 bl hifted dRb indicati h
different compounds (bispyrroles) so as to account the experi- .+ @€ ca. 60 nm blue-shifted comparedRtd indicating that
the degree of conjugation is lesser in these systems. The PL

mental values of emission and absorption in the process."'~ ~~ ' i
However, naphthalene-bridged compound does not belong to€MISSion §pectra of the oligomd?d andP2 are struc_tured with

this trend and shows increase in energy of absorption, thoughtn€lr maxima around 587 and 623 nm along with shoulders
emission energy shifts as expected. This can be understood aground 626 and 670 nm, respectively. The emission spectra of
a relative shift of the total energy curves corresponding to the P3 andP4 are broad and structureless which are blue-shifted
HOMO level along the coordinate axis in a configuration by approximately 28 nm when comparedRa. Both P3 and
coordinate diagram. That would induce higher absorption energy P4 showed large Stokes shifts of nearly 120 nm. Comparative
and lower PL emission energy witBl and B2 serving as configuration coordinate diagrams can be constructed along the
reference. Clearly, naphthalene-bridged unit along with the lines of Figure 2 for the case of oligomers as well. Note that
alkoxy side chains leads to distortion of the molecule, in the the large out-of-plane distortion in naphthalene-bridged molecule
form of deviation in planarity, which can be represented as a Seems to reduce significantly when the molecule is extended to
shift in the configuration coordinate and increase in the oligomer chain. The lateral addition of cyclic units then cause
curvature. The comparative diagram implies significant qualita- little changes as seen in the caseR8 and P4, where the

tive features: (i) the effect of side chains as in going frBin emission and absorption bands are virtually the same except
to B2 is to cause decrease in energy alone; (ii) addition of a for difference in broadness with the anthracene bridge causing
cyclic unit laterally changes the stiffness constants; (iii) cyclic larger variations.
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Table 3. Photophysical and Device Properties of Oligomers (P1P4)

lmax (nm)
7 (ns)
UV—visabs PLemission UV-visabs PL emission TATS lifetime Amax (M) CIE
oligomer  (solution} (solution} (thin film)¢ (thin film)¢ (solutiony-P EL emissiod  coordinate
P1 502 587 (626) 487 620 (665) 1.12 [100%)] 620 (670) (0.66, 0.33)
P2 538 623 (670) 558 655 (695) 0.473[96.7%)], 1.73 [3.3%)] 650(700) (0.71, 0.29)
P3 441 559 434 574 (664) 0.455 [53.6%)], 1.45 [46.4%] 600 (0.53, 0.46)
P4 440 560 454 0.151 [64.6%)], 1.04 [20.74%)], 3.59 [14.7%] 730 (0.68, 0.32)

a Absorption, emission, and lifetimes were determined in dichloromethane solbitidetimes were determined by fitting TATS spectra of corresponding
TCSPC photoluminescence dec&pbsorption and emission spectra were measured on quartz substrates by spin-casting 10 mg/mL solution of oligomers
in toluene and dried under vacuufrDevices were fabricated with the following configuration: ITO/PEDOT:PSS/oligomer/Ca/Al.
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Figure 3. (a) UV—vis absorption spectra and (b) photoluminescence (PL) spectra of oligomers in dichloromethane solutit).(10
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Figure 4. (a) UV—vis absorption spectra and (b) photoluminescence (PL) spectra of oligomers on quartz substrates. Films were prepared by
spin-casting 10 mg/mL solution of oligomers in toluene and dried under vacuum.

Thin Films of Oligomers (P1—P4). Thin film absorption A comparison of trends in the spectral properties of bispyr-
and PL emission spectra of the oligomét$—P4 on quartz roles and oligomers from solution to thin films is best sum-
substrates are shown in Figure 4, and the data are given in Tablenarized as follows:

3. The maxima of absorption spectra are centered around 434 (i) The trends in the case of benzene bridged bispyrrdas (
558 nm. The oligomeP1 shows a structured absorption with and B2) and oligomers R1 and P2) are as expected both in
maximum at 487 nm and shoulders around 410 and 560 nm_SOlUtion and thin films. The side chains lead to |0nger Conjuga-
The oligomerP2 absorption maximum is red-shifted to 36 nm tion, lesser degree of sharpness in phonon-related features, and
when compared tB1with its maximum at 558 nm and shoulder  1arger red-shifted spectra due to solid-state effect.

at 600 nm. The oligomer$3 and P4 exhibit broad and (i) The nonplanarity of the .naphthalene bridged bispyrrole
structureless spectra and are blue-shifted when compafet to (B3) seems to be arrested in its oligomé3) form as can be
and P2 The onsets of the thin film absorption spectra were deduc_ed from the reIan_ve changes_ln_emlssmn_and abs_orptlon
used to determine the band gap of the oligomers. The calculated."S"9'€S- Both absorption and emission energies of oligomer

. - . (P3) increases compared to benzene derivativg),( while
band gaps for °"9°me’31 P4 arein the range of l'_842'_04 absorption energy increases and emission energy decreases in
eV and are shown in a schematic band diagram in Figure 7.

7 ) the case oB3 compared to the benzene bridged bispyrrole
The PL emission spectra are structured in the cadelaind B1).

P2 For exampleP1 has two maxima at 620 and 665 nm while iy The optical properties of naphthalene and anthracene
the emission spectrum ¢%2 has a maximum at 655 nm and  pyigged oligomersR3 andP4) are dominated by the presence
shoulder at 695 nm. The emission spectrun®8is broad and  of the |ateral aromatic units shortening the effective conjugation
blue-shifted compared to boBl andP2with maximum at 574 along the length of the chain compared to benzene derivatives
nm and a shoulder around 664 nm. Surprisingly, the fill?4f  (P1andP2). However, only comparison of the absorption and
was practically nonemissive, indicating very strong self-quench- PL spectra of oligomeP3 andP4 exhibited minor differences

ing in the solid state. in width (fwhm) indicating that the influence of dialkoxy side
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Figure 5. Time correlated single photon counting (TCSPC) for (a) bispyrrole monoBer84 and (b) oligomerd?1—P4. The decay profiles
were recorded in dichloromethane solution (AM). For better visualization, the intensity is plotted against logarithm of time.
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Figure 6. Time analyzed transient spectroscopy (TATS) spectra
(circles) of bispyrrole monomer8(—B4) and oligomersR1-P4) and

their corresponding fittings (lines). Time constants obtained from fittings
are given in Tables 2 and 3 for bispyrroles and oligomers, respectively.
Note the spectroscopic character of the curves highlighting the utility
of such analysis.
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chains inP3 and the additional lateral aromatic groupsH#a
are small in tuning the optical properties

(iv) In thin films, the naphthalene and anthracene bridged
oligomers P3 and P4) are likely to have increased stacking
due tor— interaction. This is borne out by the nearly complete
cessation of PL in the case &4 and severely constrained
conjugation in the case 63 with broad structureless and low
wavelength emission.

TCSPC Lifetime Measurements and TATS Analysis of
Bispyrrole Monomers and Oligomers in Dilute Solution.
Time correlated single photon counting (TCSPC) lifetime

Figure 7. Schematic band diagram of oligomers. Band gaps were
calculated from onsets of absorption spectra. HOMO levels were
calculated from onsets of cyclic voltammetry curves of the thin films
of oligomers cast on Pt electrode. The LUMO levels were calculated
from corresponding band gaps and HOMO values.

slow decay while anthracene-bridged bispyrrole decay very fast.
Benzene and bisoctyloxybenzene-bridged decay profiles are in
between. Among oligomer®1 shows the slowest decay profile
whereasP4 shows very fast decay.

Often, multiple exponential fitting is nonunique and leads to
mistaken conclusions unless sufficient care is taken in checking
their validity and significance. Therefore, we resort to time
analyzed transient spectroscopy (TATS) which is a more reliable
method of analyzing decay curves using spectroscopic analysis
within the time domair#? In this technique, the TATS signal is
defined as

t) = [1(t) — It + y1)]

wherey is an experimentally selectable constant dis the

PL intensity transient. In the extreme limit pftending to zero

the signal becomes a derivative of the signal in log time. For a
perfect exponential this signal has a definite peak line shape,
and the time constant can be obtained from the time at which
the peak occurs. The presence of multiple peaks or distribution
of time constants may be more easily and reliably inferred from
such an analysis. The TATS spectra of bispyrrole monomers
(B1—B4) and oligomersR1—P4) and their corresponding fitting
are shown in Figure 6. Time constants so obtained for

measurements of the bispyrrole monomers and oligomers arebispyrroles and oligomers are tabulated in Table 2 and Table

shown in Figure 5. For better visualization, the decay profiles
are plotted differently from conventional method, by plotting

the time in logarithmic scale against the normalized PL intensity.
TCSPC decay profiles for both bispyrrole monomers and the
corresponding oligomers show marked influence of varying
bridging groups. Naphthalene-bridged bispyrroles show a very

3, respectively.

As discussed earlier, the radiative decay tim&8fand B4
in solution is very different fronB1 andB2. While nonplanarity
of B3 molecule leads to a long-lived singlet, the presence of an
extra ring in the anthracene bridge seems to open up fast
nonradiative paths of decay, leading to multiple exponentials.
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Figure 8. (a) Log—log plot of current densityvoltage (J-V) characteristics; and (b) EL emission spectra of devices: ITO/PEDOT:PSS/oligomer/
Ca/Al.

In the oligomer form, hindrance to nonplanarity causes the decayEL emission ofP1 shows two discernible peaks around 620
of P2 andP3to go through similar pathways. The presence of and 670 nm whereaB2 based devices emit with a maximum
an anthracene bridge provides a fast decay path both in monomeat 650 nm with a shoulder around 700 nirl and P2 devices
B4 and in oligomerP4. were found to emit in the red region with their CIE coordinates

Electrochemical Properties of Oligomers.Cyclic voltam- being (0.66, 0.33) and (0.71, 0.29), respectively. PBshows
metry (CV) was employed to investigate the redox behavior of a broad and structureless EL emission and emit in the yellow-
the oligomers and to estimate the HOMO (highest occupied orange region with CIE coordinate (0.53, 0.46). Though we
molecular orbital) levels. The characteristic data were measuredcould not observe any detectable thin film PL in oligonkar
for a thin film cast on a platinum electrode with active disk but a red-shifted EL emission could be seen with maximum
area of 2.0 mrhat a scan rate of 100 mV/s. Ag/AgCl was used around 730 nm with CIE coordinate (0.68, 0.32). The current
as reference electrode and Pt wire as counter electrode.density-voltage characteristics of devices show typical diode
Tetrabutyl ammonium perchlorate was used as a supportingbehavior with the turn on voltage of devices varying from 4.0
electrolyte. Oligomers were found to be electrochemically inert V — 8.0 V, when all conditions of processing are kept the same
in the reduction region and exhibited only irreversible oxidation without regard to optimization of parameters such as thickness
onsets except in the case®4 where both onset oxidation and  for each individual case. As expected of typical PLEDs, the
reduction potentials were observed. The onset oxidation poten-characteristics show transition from trap charge limited current
tials of P1—P4 were determined to be 0.49, 0.37, 0.74, and to space charge limited current at higher voltages. The varying
0.75 V, respectively which were used to determine the highest resistances of the layer control the threshold voltage and the
occupied molecular orbitals (HOMO) of the oligomers using corresponding current below it.
empirical formula: Epomo) = —(Eox + 4.40) (eV)3° The The absence of PL and the observation of red-shifted EL for
LUMO levels were determined using the equatidf)umo) = anthracene-bridgeB4 oligomer is a significant pointer to the
Eromo) — Eg, whereEg (band gaps) were calculated from thin  difference in mechanism of luminescence in the two conditions.
film absorption onsets. The HOMO, LUMO and band gap of Clearly, excitations with the above band gap energy give rise
oligomers as determined are shown in a schematic band diagranto singlet excitations, which get quenched due to ther
in Figure 7. The LUMO levels oP1—P3are not much affected interaction of stacked oligomers in the thin film. However, when
due to a change of aromatic units in the main chain except in oppositely charged polarons are injected from the two electrodes,
the case oP4 where the LUMO level is slightly lower. The  the possibility of forming interchain species due to randomness
HOMO level of P2 is slightly higher when compared t®©1 of the charged species increases greatly. The red emission in
and that ofP3 and P4 are lower when compared to boRi P4 devices therefore can be attributed to long-range interchain
andP2. The CV curve of the oligomdP4 shows the reduction  singlet excitons observed only during electroluminescence. The
onset at—0.89 V, and the LUMO level calculated was found ranges of compounds discussed are good candidates for orange-
to be—3.51 eV. Therefore, the band gap of the oligomer thus red emission. The mobilities measured (not reported here) from
determined was found to be only 1.64 eV, which is very different EL transient experiments are comparable or better than MEH
from 2.04 eV as calculated from absorption band-edge, indicat- PPV devices. The overlap integral for anthracene-bridged
ing the existence of large relaxation of oligonfe4 in solid- oligomer is large, pointing toward its possible use for TFT
state configuration coordinate. It is to be noted that the HOMO applications as well. The mobility related electronic properties
and LUMO levels of the whole series of compounds are would be reported elsewhere.
conveniently close to ITO and Ca electrodes respectively, )
making it convenient for device applications. Conclusions

Electroluminescence (EL) Spectra and Current Density— The aryl bridged bispyrroleB1—B4 and the corresponding
Voltage (J—V) Characteristics. Single active layer PLED oligomers P1—P4 containing alternate arylenevinylene and
devices were fabricated using thin films of the oligomers with pyrrolenevinylene repeating units exhibited interesting opto-
ITO/PEDOT:PSS serving as hole injection electrode, and Ca/ electronic behavior in solution and solid state. Optical properties
Al for electron injection in a conventional configuration as ITO/ of the monomers and oligomers are influenced greatly by the
PEDOT:PSS/oligomer/Ca/Al. The intention was not to optimize varying electronic nature of the bridging groups. The config-
the performance of PLEDs but to continue the comparative study uration coordinate diagram could be conveniently used to
of the optoelectronic properties of the oligomers in a device understand the effect of bridging units on the optical properties
environment. Electroluminescence (EL) spectra and current of molecules. The effect of electron-donating side chains is to
density-voltage §—V) characteristics are shown in Figure 8. cause decrease in total energy alone in a configuration coordinate
EL spectra of oligomers are similar to their thin film PL spectra. diagram while the addition of cyclic units laterally or incorpora-
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tion of fused polyaromatic groups such as naphthalene and General Procedure for Preparation of Bisformyl Derivatives

anthracene as bridging unit causes significant distortion affecting of Bispyrroles. The Vilsmeyer formylation reaction of bispyrroles

both coordinate and curvature significantly. The oligomers were gave the respective bisformyl derivatives in-58% yield. To a

luminescent both in solution as well in thin film state except solgtlgn \c;flblspyrrole (05 mrr;]c_)I)hln 1,2-d|chlorc:jbf)nze|ne (ngm_l-)
; At : t 0°C, Vilsmeyer reagent which was prepared by slow addition

for anthracene-bridged derivative possibly due to greater a X i~

interchain interactions. The solution absorption and emission of POCk (0.15 mL, 1.4 mmol) into a flask containing DMF (0.33

. L mL, 5.8 mmol) at 0°C, was added. The mixture was stirred at
spectra of naphthalene and anthracene bispyrrole derivatives arg) o tor 3 h and then poured into crushed ice. The solution was

quite different but corresponding oligomers spectra are quite heated on a water bath and then neutralized with sodium acetate.
similar suggesting the overall effect on optical properties in both The mixture was again heated on a water bath fer ®min with
cases are similar. It can be also inferred that the overall decreasstirring until clear separation of water and organic layer appears
in effective conjugation in anthracenevinylene bridged oligomer and then extracted with dichloromethane. Removal of the solvent
is due to nonplanarity similar to 4,8-bisoctyloxy-1,5-naphthle- gave the crude products, which were further purified by column
nevinylene bridged oligomers. Lifetime measurements and chromatography using ethyl acetate/ hexane (5:95 or 10:90) to give
TATS analysis of PL decay showed the significant influence the Pure products. ,
of different bridging groups. The anthracene derivative shows _(E,.E)-164-Bls[?-(1-octyl-?-foimylpyrrol-z-yl)wnyI]benzepe.
a fast radiative behavior both in monomer and oligomer form Yield: 58%. Mp: 108-110°C."H N_MR (CDCs, 400 MHz): o

. e . . 9.41 (s, 2H), 7.43 (s, 4H), 7.06 (d,= 16.12 Hz, 2H), 6.93 (dJ
while other derivatives show relatively slow decay profiles. The _ 16.12 Hz, 2H), 6.86 (dJ = 2.2 Hz, 2H), 6.53 (dJ = 4.4 Hz,
Ca'CUlat.ed HOMO and LUMO levels of a" ollgomers are ZH), 4.40 (t,J = 7.56 Hz, 4H), 1.691.65 (m’ 4H), 1.271.18
conveniently close to ITO and Ca for easy injection of charge (m 20H), 0.79 (tJ = 7.08 Hz, 6H) ppm3C NMR (CDCk, 100
carriers in a conventional device configuration and found to be MHz): ¢ 178.59, 140.74, 136.62, 132.17, 131.99, 127.02, 125.21,
electroluminescent in yellow to deep red region with low turn 115.40, 108.07, 45.02, 31.78, 31.43, 29.22, 29.18, 26.58, 22.61,
on voltages. Absence of PL in thin film state of anthracene 14.08 ppm. FFIR: (KBr): vmax 2927, 2853, 2813, 2771, 1644,
bridged oligomer and simultaneous EL emission suggests the1509, 1463, 1394, 1289, 1210, 1143, 1042, 957, 870, 798, 764 cm
formation of long-range interchain excitons. In summary, we MS (FAB, m/2): 540 (M"). _ _
have shown the empirical trends in the role of bridging groups _ (E.E)-1.4-Bis{2-(1-octyl-5-formylpyrrol-2-ylvinyl}-2,5-diocty-
in the bispyrroles and the corresponding oligomers on their |0Xybenzene.Yield: 68%. Mp: 84-86 °C. *H NMR (CDCl;, 400

optoelectronic properties. The insights so obtained can be 2A4Hj)|:_|25 5;;77(% 42(?’27_3386(3% (:d i6‘346H|_Té 22'_3)’ 76'22% ((%3 —

gainfully utilized in the design of conjugated oligomers and , 5 2H). 4.48 (tJ = 8.0, 6.8 Hz, 4H), 4.07 (t) = 6.4 Hz

polymers for specific applications. 4H), 1.97-1.50 (m, 8H), 1.32-1.25 (m, 40H), 0.87.0.85 (m, 12H)
_ , ppm.13C NMR (CDCk, 100 MHz): 6 178.3, 151.3, 141.9, 132.0,
Experimental Section 128.5, 126.4, 125.4, 116.6, 111.8, 108.0, 69.2, 45.1, 31.8, 31.5,

General Data.All chemicals purchased from Aldrich Chemicals  29.3, 26.7, 26.2, 22.6, 14.1 ppm. FTR (KBr): vmax 2925, 2853,
Co. were used as received unless otherwise stated. Other chemicald363, 1655, 1508, 1469, 1404, 1233, 1202, 1034, 954, 783}.cm
used were purified using standard procedures. The melting pointsMS (FAB, m/z): 796 (M").
were measured by using a capillary melting point apparatus and  (E,E)-1,5-Bis[2-(1-octyl-5-formylpyrrol-2-yl)vinyl]-4,8-diocty-
were uncorrectedH and*3C NMR were recorded on Jeol JNM-  loxynaphthalene.Yield: 54%. Mp: 58-56 °C.H NMR (CDCls,
LA400 FT-NMR system. FFIR of samples was recorded on 400 MHz): 6 9.37 (s, 2H), 8.22 (d) = 15.36 Hz, 2H), 7.35 (d]
Bruker Vertex 70 FFIR spectrometer. FAB mass spectra were = 8.04, 2H), 6.86 (dJ = 4.16 Hz, 2H), 6.83 (dJ = 8.04, 2H),
recorded on a JEOL SX 102/DA-6000 mass spectrometer/data6.47 (d,J = 4.88, 2H), 6.44 (dJ = 16.08 Hz, 2H), 4.39 (tJ =
system using argon/xenon (6 kV, 10 mA) as the FAB gas. The 6.84, 4H), 3.99 (tJ = 6.12 Hz, 4H), 1.7#1.60 (m, 12H), 1.16
accelerating voltage was 10 kV and the spectra were recorded atl.08 (m, 36H), 0.79 (&) = 6.84 Hz, 12H) ppm!3C NMR (CDCl,
room temperaturem-Nitrobenzyl alcohol (NBA) was used as the 100 MHz): 6 177.92, 156.92, 142.42, 138.94, 131.41, 128.17,
matrix. Gel permeation chromatography was performed using THF 126.96, 113.08, 107.16, 69.20, 44.97, 31.84, 31.78, 31.43, 29.55,
as eluent and polystyrene as standard on a Waters GPC systen®9.38, 29.27, 29.18, 26.63, 26.49, 22.60, 14.06 ppm=IRT
Themogravimetric analyses were performed on TA thermal analyzer (KBr): vmax2924, 2854, 1653, 1523, 1525, 1467, 1399, 1367, 1312,
under nitrogen atmosphere at a heating rate of@nin. UV— 1277, 1211, 1140, 1072, 1040, 954, 775¢énMS (FAB, m/2):
vis absorption spectra were measured using a Perkin-Elmer Lambda846 (M*).
40 UVNis spectrometer. Photoluminescence (PL) data were re- (E,E)-9,10-Bis[2-(1-octyl-5-formylpyrrol-2-yl)vinyl]an-
corded on a Jobin Yvon Horiba Fluorolog-3 system (absorption thracene. Yield: 51%. Mp: 72-74 °C. 'H NMR (CDCl;, 400
maxima was used as excitation wavelength) for bispyrrole solution MHz): 6 9.49 (s, 2H), 8.27 (dd] = 3.64, 2.44 Hz, 4H), 7.92 (d,
and oligomer thin films. Oligomer solution PL was obtained through J = 16.08 Hz, 2H), 7.42 (dd] = 3.16, 3.2 Hz, 4H), 6.97 (d] =
optical fiber using Ocean Optics SD2000 spectrometer (excitation 4.16 Hz, 2H), 6.81 (dJ) = 15.6 Hz, 2H), 6.80 (d) = 4.36 Hz,
wavelength was 442 nm). Dilute solutions of monomers and 2H), 4.35 (t,J = 7.32 Hz, 4H), 1.76-1.58 (m, 8H), 1.2+1.11
oligomers were prepared in dichloromethane (DCM). Thin films (m, 16H), 0.74 (tJ = 6.6 Hz, 6H) ppmX*C NMR (CDCk, 100
were prepared on quartz substrates by spin-coating oligomer solutionMHz): 6 178.9, 140.5, 132.2, 132.2, 129.4, 129.1, 126.1, 125.7,
of concentration 10 mg/mL in toluene. Time correlated single 125.1, 124.8, 108.0, 45.2, 31.7, 29.2, 29.1, 26.6, 22.5, 14.0 ppm.
photon counting (TCSPC) measurements were performed in DCM FT—IR (KBr) vmax 2924, 2854, 2369, 1655, 1521, 1466, 1405,
using IBH 5000U fluorescence lifetime system. A violet LED of 1367, 1261, 1209, 1095, 1037, 961, 794¢énMS (FAB, m/z):
wavelength 403 nm was used as excitation source and emission640 (M*).
was collected at PL maxima. The electrochemical measurements General Procedure for Preparation of Oligomers.To ice—
were performed on a Epsilon CV voltametric analyzer using water cold (10 °C) solutions of the formyl derivative of bispyrroles
tetrabutylammonium perchlorate (TBAP) (0.1 M) in acetonitrile (0.5 mmol) and the respective bisphosphonate esters (0.5 mmol)
as electrolyte at a scan rate of 100 mV/s. Pt wire and Ag/AgCI in 25 mL of dry THF was added 1.0 mL ¢fBuO K™ (1.0 M in
electrode were used as the counter and reference electrodeTHF solution, Aldrich) dropwise. Soon after the addition of the
respectively. For this purpose, oligomers drop-casted from 5 to 10 base, the greenish color of the solution changed into reddish brown.
uL of DCM solution (concentration 2012 mg/mL) onto a Pt disk The reaction mixture was stirred overnight at room temperature.
were used as working electrodes (BAS MF-2013) with an active THF was evaporated and methanol was added to precipitate the
area of 2.0 mrh dark colored product. The oligomers were further purified by
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reprecipitation with CHCIl,/MeOH followed by Soxhlet extraction (6) (a) Brabec, C. J.; Sariciftci, N. S.; Hummelen, JAGQv. Funct. Mater.

with methanol. The yields of the oligomers ranged from 52 to 73%. 2001, 11, 15. (b) Dhanabalan, A.; van Duren, J. K. J.; van Hal, P. A.;
P1.Yield: 52%."H NMR (CD,Cl,, 400 MHz): 6 9.4 (s frace, yan Dongen, J. L. J; Janseen, R. A Funct Mater.200 11, ©
. e ! . (c) Brabec, C. J.; Winder, C.; Sariciftci, N. S.; Hummelen, J. C.;
terminal —CHO), 7.4 (m, 4H vinylic), 6.9 (m, 4H,aromatig, 6.6 Dhanabalan, A.; van Hal, P. A.; Janssen, R. AAdv. Funct. Mater.
(s, 2H, pyrrole), 4.4 trace terminal —-NCH,—), 4.0 (m, 2H, 2002 12, 709. (d) Tsai, M.-H.; Lin, H.-W.; Su, H.-C.; Ke, T.- H.;
—NCH;—), 1.6-0.8 (m, 15H,—(CH,)¢CH3) ppm. FT-IR(KBr): Wu, C.; Fang, F.-C,; Liao, Y.-L.; Wong, K.-T.; Wu, C.Adv. Mater.
vmax 3019, 2852, 1652, 1613, 1502, 1464, 1502, 1464, 1403, 1260, 2006 18, 1216.

1093, 1028, 946 crit. (7) Wienk, M. M.; Kroon, J. M.; Verhees, W. J. H.; Knol, J.; Hummelen,
P2. Yield: 68%."H NMR (CD,Cl,, 400 MHz): & 7.2 (s, 4H, 2o ggran Hal, P. A Janssen, R. AAngew. Chem., Int. E2003
vinylic), 7.0 (s, 2H,aromatig, 6.6 (s, 2H,pyrrole), 4.0 (m 6H, (8) Yang, R.; Tian, R.; Yan, J.; Zhang, Y.; Yang, J.; Hou, Q.; Yang, W.;

—NCH,— and—OCH,—), 1.9-1.3 (m, 36H,—(CH)s— x 3), 0.89 Zhang, C.; Cao, YMacromolecule2005 38, 244.

(m, 9H, —CH3 x 3) ppm. FT=IR (KBr): vmax 2924, 2855, 1610, (9) (a) Kang, I.-N.; Hwang, D. H.; Shim, H.-K.; Zyung, T.; Kim, J.-J.

1461, 1412 1205, 1034, 950 ci Macromoleculed996 29, 165. (b) Ahn, T.; Ko, S.-W.; Lee, J.; Shim,

il 1 H.-K. Macromolecule®002 35, 3495. (c) Liao, L.; Pang, Y.; Ding,

P3.Y;eld. 73%.7H NMR (CD:Clz, 400 MHz)0 9.4 (?’trace' L.: Karasz, F. EJ. Polym. Sci., Polym. Cher003 41, 3149. (d)

terminal —CHO), 8.1 (m, 2H aromatig, 7.4 (m, 2H,vinylic), 6.9 Yamamoto, T.; Arai, M.; Kokubo, H.; Sasaki, $lacromolecules

(m, 2H, aromatig, 6.5 (m, 4H,pyrrole andvinylic), 4.4 frace 2003 36, 7986.

terminal —NCH,— and —OCH,—), 4.0 (m, 6H, —NCH, and (10) (a) Ranger, M.; Rondeau, D.; Leclerc, Macromolecule€997, 30,

—OCH,—), 1.91-0.85 (m, 45H,—(CH>)sCHs x 3) ppm. FF-IR 7686. (b) Cho, N. S.; Hwang, D.-H.; Lee, J.-I.; Jung, B.-J.; Shim,

(KBr) vmax 2923, 2854, 1653, 1579, 1519, 1463, 1373, 1312, 1272, ~ H.-K. Macromolecules2002_35, 1224. (b) Jacob, J.; Zhang, J.;

1205, 1035, 950 cni. Grimsdale, A. C.; Milen, K.; Gaal, M.; List, E. J. WMacromolecules

il 2003 36, 8240.
P4: Yield: 53%.'H NMR (CD.Cl,, 400 MHz)4 9.5 (s,trace (11) (a) BeaupreS.; Leclerc. M.Adv. Funct. Mater.2002 12, 192. (b)

terminal CHO), 8.5-7.8 (m, 6H,aromatic andvinylic), 7.5 (m, Lim, E.; Jung, B.-J.; Shim, H.-KMacromolecule2003 36, 4288.
6H, aromatic andvinylic), 6.9 (m, 2H, pyrrole), 4.4 (s, 2H, (c) Kong, X.; Kulkarni, A. P.; Jenekhe, S. Macromolecule2003
—NCH,—), 4.0 (s,trace), 1.7-1.2 (m, 12H,—(CH,)s—), 0.82 (s, a& 559%2“_ (d)HCf&oéN-tE-:MH\{vzaon& &-?%H-Z:?J?urzgj EJJ Oghl: HChu,
3H, —CH3) ppm. FT-IR (KBr) vmax 2922, 2852, 1653, 1464, Y. Shim, H.-1. Syntn. Metzt - (&) Lee, J; &ho, H.-
1043, 1367, 1028, 954 crh g'S’ZJSU.ng’ B.-J.; Cho, N. S.; Shim, H.-Klacromolecule2004 37,

Device Fabrication and Characterization. The devices were  (12) (a) Klaner, G.; Davey, M. H.; Chen, W.-D.; Miller, R. BAdv. Mater.
fabricated using commercially available ITO coated glass substrates. 1998 10, 993. (b) Miteva, T.; Meisel, A.; Knoll, W.; Notherfer, H.
The ITO substrates were patterned by usual photolithographic G.; Scherf, U.; Miller, D. C.; Meerholz, K.; Yasuda, A.; Neher, D.
processing. The substrates were cleaned with RCA-I solution. A Adv. Mater. 2001, 13, 565.

; ; i~(13) (&) Ahn, T.; Shim, H.-KMacromol. Chem. Phy2001, 202 3180.
15 min ozone treatment was done to remove any residual organic (b) Hou, Q.- XU, Y.: Yang, W.: Yuan, M. Peng, J.: Cao. ) Mater.

matter. A thin layer of polyethylene dioxythiophene/polysyyrene- Chem.2002 12, 2887. (c) Niu. Y.-H.: Hou, Q.; Cao, YAppl. Phys.
sulfonate (PEDOT:PSS), purchased from Bayer Corporation, was Lett. 2003 82, 2163. (d) Ego, C.; Marsitzky, D.; Becker, S.; Zhang,
spin-coated at 1800 rpm and baked at 1€Gor 2 h under vacuum. J.; Grimsdale, A. C.; Mlen, K.; Mackenzie, J. D.; Silva, C.; Friend,
The emissive layer was then spin-coated at 1000 rpm from oligomer R. H.J. Am. Soc. Chen2003 125 437. (e) Hwang, D.-H.; Lee, J.-
solutions of conc. 1612 mg/mL in chlorobenzene and filtered 1Dé; 'Igzgv‘]-"\"-? Lee, S.; Lee, C.-H.; Jin, S.-B1.Mater. Chem2003
through0 10.Qum filter (Millipore Co._), and then dried under vacuum (14) (a)' Pei, J.: Yu, W.-L.: Huang, W. Heeger, AMacromolecule200Q

at 120°C for 2 h. A~20 nm thick Ca cathode was deposited 33,2462. (b) Lai, R. Y.; Fabrizio, E. F.; Lu, L; Jenekhe, S. A.; Bard,
through a mask in a vacuum evaporator at a pressure1@f® A. J.J. Am. Chem. So®001, 123 9112. (c) Shen, Z.; Strauss, J.;
mbar. An additional layer of AlI{400 nm) was then evaporated Daub, J.Chem. Commur2002 460.

on top of Ca layer under the same condition yielding an active (15) (a) Alam, M. M,; Tonzola, C. J.; Jenekhe, S.Macromolecule2003
area of 10 mr Thin glass substrates, coated with epoxy, were 36, 6577. (b) Lai, R. Y.; Kong, X.; Jenekhe, S. A.; Bard, AJJAM.

; ; ; Chem. So0c2003 125 12631. (c) Fungo, F.; Jenekhe, S. A,; Bard, A.
used to seal devices. Epoxy was cured under UV light for 20 min. J.Chem. Mater 2003 15, 1264,

Current-voltage (—V) characteristics were measured using Kei- (16) (a) Sun, D.; Rosokha, S. V.; Kochi, J. & Am. Chem. So@004
thley 236 source measure unit. EL spectra were recorded using a 126, 1388. ('b) Hou, Q'_; Zhol], Q.; ihang, Y.; Yang, W.; Yang, R.;

-

Minolta spectroradiometer in the range of 3880 nm. Cao, Y.Macromolecule004 37, 6299. (c) Cho, N. S.; Hwang, D.-
H.; Jung, B.-J.; Lim, E.; Lee, J.; Shim, H.-Klacromolecule2004
Acknowledgment. We thank the Department of Science and 37, 5265. (d) Fang, Q.; Jiang, B.; Xu, B., Wang, W.; Yu, F.; Wu, X.

. Macromol. Rapid Commur2004 25, 1429.
Technology (DST), Government of India, and Samtel Group (17) (a) Yeh, H.-C.. Yeh, S.-J.; Chen, C.<Them. Commur2003 2632.

of Industries, New Delhi, India, for financial support. A (b) Yeh, H.-C.; Chan, L.-H.; Wu, W.-C.; Chen, C.-I..Mater. Chem.

Ramanna Fellowship by DST to A.A. is gratefully acknowl- 200|4 12463]?935;. (%fgm(e(ljl()hﬁ, S. A.;Igu,i_iL.;kA_lam,Sl\/lk M/IJDacrkorrl\llloI-J
P : f _ ecuies. s . wang, D.-A.; KIm, S.-K.] FPark, iv.-J.;

edged. This is contribution No. RRLT-PPG 244. Lee, J-H.. Koo, B.-W.; Kang, I-N.. Kim, S.-H.. Zyung, Them.

Mater. 2004 16, 1298.

References and Notes (18) (a) Yang, J.; Jiang, C.; Zhang, Y.; Yang, R.; Yang, W.; Hou, Q.; Cao,
Y. Macromolecule®004 37, 1211. (b) Peng, Q.; Lu, Z.-Y.; Huang,
(1) Burroughes, J. H.; Bradley, D. D. C.; Brown, A. R.; Marks, R. N.; Y.; Xie, M.-G.; Han, S.-H.; Peng, J-B.; Cao, Macromolecule2004
Mackay, K.; Friend, R. H.; Burns, P. L.; Holmes, A. Blature 37, 260.
(Londor) 199Q 347, 539. (19) (a) Lim, E.; Jung, B.-J.; Lee, J.; Shim, H. K; Lee, J.-l.; Yang, Y. S;
(2) (a) Gustafsson, G.; Cao, Y.; Treacy, G. M.; Klavetter, F.; Colaneri, Do, L.-M. Macromolecule2005 38, 4531. (b) Yang, R.; Tian, R.;
N.; Heeger, A. JNature (Londoin 1992 357, 477. (b) Friend, R. H.; Yan, J.; Zhang, Y.; Yang, J.; Hou, Q.; Yang, W.; Zhang, C.; Cao, Y.
Gymer, R. W.; Holmes, A. B.; Burroughes, J. H.; Marks, R. N; Macromolecule005 38, 244.
Taliani, C.; Bradley, D. D. C.; Dos Santos, D. A.; Bles, J. L.; (20) Perepichka, I. F.; Perepichka, D. F.; Meng, H.; WudlA&.. Mater.
Logdlund, M.; Salaneck, W. RNature (Londoh 1999 397, 121. 2005 17, 2281.
(3) Gigli, G.; Barbarella, G.; Favaretto, L.; Cacialli, F.; CingolaniAppl. (21) (a) Cho, N. S.; Park, J.-H.; Lee, S.-K.; Lee, J.; Shim, H.-K.; Park,
Phys. Lett.1999 75, 439. M.-J.; Hwang, D.-H.; Jung, B.-Macromolecule200§ 39, 177. (b)
(4) (a) Kraft, A.; Grimsdale, A. C.; Holmes, A. BAngew. Chem., Int. Wong, K.-T.; Liao, Y.-L.; Lin, Y.-T.; Su, H.-C.; Wu. C.-drg. Lett.
Ed. 1998 37, 402. (b) Shim, H. -K.; Jin, J.-IAdv. Polym. Sci2002 2005 7, 5131.
158 193. (22) (a) Finzi, C.; Fernandez, J. E.; Randazzo, M.; TopparéMiacro-
(5) (a) Halik, M.; Klauk, H.; Zschieschang, U.; Kriem, T.; Schmid, G.; molecules1992 25, 245. (b) Murashima, T.; Hirai, K.; Une, Y.;
Radlik, W.; Wussow, KAppl. Phys. Lett2002 81,289. (b) Kawase, Uchihara, Y.; Uno, H.; Ono, NTetrahedron Lett1998 39, 5397.
T.; Shimoda, T.; Newsome, C.; Sirringhaus, H.; Friend, RTHin (23) (a) Reynolds, J. R.; Katritzky, A. R.; Soloducho, J.; Belyakov, S.;
Solid Films2003 438-439, 279. (c) Park, J.; Park, S. Y.; Shim, S.- Sotzing, G. A.; Pyo, MMacromoleculed994 27, 7225. (b) Sotzing,

0O.; Kang, H.; Lee, H. HAppl. Phys. Lett2004 85, 3283. G. A.; Reynolds, J. R.; Katritzky, A. R.; Soloducho, J.; Belyakov, S.;



Macromolecules, Vol. 40, No. 8, 2007 Oligo(arylenevinyleneso-pyrrolenevinylene)s 2665

Musgrave, R.Macromoleculesl996 29, 1679. (c) Soloducho, J.; (28) Wadsworth, W. S.; Emmons, W. D.Am. Chem. So&961, 83, 1733.
Roszak, S.; Chyla, A.; Tajchert, KNew J. Chem2001, 25, 1175. (29) (a) Agarawal, S.; Mohapatra, Y. N.; Singh, V. A.; Sharan) Rppl.

(24) Kim, 1. T.; Elsenbaumer, R. LChem. Commuril998 327. Phys.1995 77, 5725. (b) Biswas, A. K.; Tripathi, A.; Singh, S.;

(25) Roncali, JChem. Re. 1997 97, 173. Mohapatra, Y. NSynth. Met2005 155, 340.

(26) (a) Eldo, J.; Arunkumar, E.; Ajayaghosh, Fetrahedron Lett200Q (30) (a) Agrawal, A. K.; Jenekhe, S. &hem. Mater1996 8, 579. (b) de
41, 6241. (b) Buschel, M.; Ajayaghosh, A.; Eldo, J.; Daub, J Leeuw, D. M.; Simenon, M. M. J.; Brown, A. R.; Einerhand, R. E. F.
Macromolecule2002, 35, 8405. Synth. Met1997, 87, 53. (c) Chen, Z.-K.; Huang, W.; Wang, L.-H.;

(27) (a) Ajayaghosh, A.; Eldo, Drg. Lett. 2001, 3, 2595. (b) Eldo, J.; Kang, E.-T.; Chen, B. J.; Lee, C. S.; Lee, SMacromolecule200Q
Ajayaghosh, AChem. Mater2002, 14, 410. (c) Ajayaghosh, AChem. 33, 9015.

Soc. Re. 2003 32, 181. (c) Ajayaghosh, AAcc. Chem. Re005
38, 449. MAOQ070116G



