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ABSTRACT

N-containing polymers have been extensively studied as active materials in various
organic electronic devices such as OLEDs, organic solar cells and FETs. Either p- or n-
type semiconducting materials can be generated depending on the nature of incorporation
of the nitrogen atom in the monomer unit. Among the various classes widely investigated
include oxadiazole, pyridine, quinoxaline, carbazole, isoquinoline, benzimidazole,
triazole etc. The present work deals with the synthesis and characterization of various N-
heterocycle based difunctional monomers, polymers and copolymers. A precursor
approach has been developed in this work to generate various difunctional monomers
with bromine atoms at the desired positions for coupling, thereby avoiding non-selective

post-synthesis bromination.

In the first section, the synthesis and characterization of various functionalized
quinoline and biquinoline based materials are described. Two regio isomers of
biquinoline, namely 8,5'-dibromo-5,8'-biquinoline and 5,5’-dibromo-8,8'-biquinoline,
were synthesized to see the effect of orientation on conjugation and packing. The
synthesized molecules were coupled with 9,9-dimethylfluorene and thiophene to prepare
a series of model compounds for the corresponding polymers and X-ray crystallographic
studies on some of these gave insight into the mode of packing in these materials. The
synthesized molecules were characterized by 'H and °C NMR, elemental analysis, mass
spectroscopy, UV-vis absorption and emission spectroscopies and in some cases, by X-
ray crystallography. The absorbance and emission maxima for the model compounds
based on quinoline/biquinoline with fluorene (13-16) lie in the range of 328 nm to 341
nm, and 414 nm to 433 nm, respectively. The absorbance and emission maxima for the

model compounds based on quinoline/biquinoline with thiophene (24-28) lie in the range
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of 345 nm to 420 nm, and 448 nm to 497 nm, respectively. The absorption position for
model compound based on quinoline is red-shifted as compared to model compounds
based on biquinoline units. Also, absorption maxima for model compounds based on
biquinoline core is slightly dependent on the linkage between the two quinoline units and
absorption position of model compound based on 5,8'-biquinoline unit 15 is at a slightly
longer wavelength compared with that of model compound containing 8,8'-biquinoline

unit 16, suggesting that 15 adopts, on average, a more planar conformation in solution.

In the next section, the synthesis of a series of alternating copolymers containing
either quinoline or isomeric biquinoline unit (5,8'-biquinoline and 8,8'-biquinoline) and
9,9-dialkylfluorene (Pla-P3b) in the backbone wusing Pd catalyzed Suzuki
polycondensation reaction are described. The absorbance maxima for P1a-P3b lie in the
range of 344 nm to 365 nm. All the copolymers emit in the blue region with an emission
maxima centered in the range of 430 nm to 448 nm. The optical band gaps of the
copolymers were found to be in the range of 2.78 eV to 2.89 eV. However, due to low
solid state quantum yield, these polymers were not tested in OLED devices. Further, a
series of random copolymers based on quinoline/8,8'-biquinoline with 9,9-dioctylfluorene
and thiophene/benzothiadiazole using palladium catalyzed Suzuki cross-coupling reaction
were synthesized. The absorbance maxima and emission maxima for these polymers (P8-
P11) lie in the range of 411 nm to 436 nm, and 460 nm to 533 nm, respectively. Polymers
having TBT unit and either quinoline (P6) or 8,8'-biquinoline unit (P7) in the polymer
backbone synthesized using Pd catalyzed direct arylation polycondensation reaction
exhibit absorbance maxima centered at 494 nm and 481 nm, respectively. Polymers
containing CPDT and 2,1,3-benzothiadiazole unit with either quinoline (P12) or 8,8'-
biquinoline unit (P13) in the polymer backbone showed absorbance maxima centered at

664 nm and 649 nm, respectively. Among all the synthesized polymers P6, P7, P12 and



P13 showed lowest electrochemical band gap of 1.98 eV, 1.87 eV, 1.39 eV and 1.27 eV,

respectively.

3,9-Dibromo-6-aryl-5H-dibenzo[d,f][ 1,3]diazepine was synthesized by a simple and
fast one-step reaction with benzaldehyde in the presence of 1,/K,COs using t-butanol as
the solvent. In order to increase the solubility, an alkyl chain was introduced into the
molecule by reacting with 4-octylbenzaldehyde and 4-octyloxybenzaldehyde. 3,9-
Dibromo-6-phenyl-5H-dibenzo[d,f][1,3]diazepine was coupled with thiophene (45),
2,1,3-benzothiadiazole (46), and 9,9-dimethylfluorene (47) to prepare a series of model
compounds using standard Suzuki coupling reaction which were characterized by 'H
NMR, "C NMR, mass spectroscopy, UV-Vis absorption spectroscopy, fluorescence
spectroscopy, and by X-ray crystallography. The absorbance and emission maxima for
45, 46 and 47 lie in the range of 304 nm to 356 nm, and 436 nm to 527 nm, respectively.
A new route toward the synthesis of 3,8-dibromobenzo[c]cinnoline was developed and it
coupled with 3-octyllthiophene to synthesize a model compound which was used as a

monomer for the synthesis of copolymers.

In the last section, two polymers based on 3,9-dibromo-6-phenyl-5H-
dibenzo[d,f][1,3]diazepine were synthesized. P14, an alternating copolymer containing
3,9-dibromo-6-aryl-5H-dibenzo[d,f][1,3]diazepine unit and 9,9-dialkylfluorene in the
backbone exhibit absorption and emission maxima centered at 350 nm and 487 nm,
respectively, whereas P15, a random copolymer containing 3,9-dibromo-6-aryl-5H-
dibenzo[d,f][1,3]diazepine with 2,1,3-benzothiadiazole and 9,9-dialkylfluorene in the
backbone showed absorption and emission maxima centered at 432nm and 542 nm,
respectively. Benzo[c]cinnoline was explored as a new candidate for application in
organic materials and a series of donor-acceptor type copolymers (P16 - P20) containing

benzo[c]cinnoline with various donor and acceptor moieties in the backbone were
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synthesized and characterized. The absorbance maxima for P16-P20 lie in the range of
range of 494 nm to 649 nm. The electrochemical band gap of the copolymers as
determined by cyclic voltammetric measurements are found to be in range of 1.95 eV to
1.4 eV. The HOMO energy levels (-5.23 eV to -5.80 eV) of these polymers are located
quiet below the LUMO energy level of PCBM (LUMO = -4.3 eV) and can generate

reasonable V.. Device studies on these materials are currently underway.

Overall, simple and direct precursor routes have been developed to access a host of
nitrogen containing heterocylces which were shown to undergo facile coupling with
various aromatic moieties to generate materials with extended conjugation. Incorporation
of N-heterocycles generates polymeric materials with deeper lying HOMO levels,

typically -5.7 to -5.9 eV and can serve as a useful tool to tune HOMO energy levels.
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