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ABSTRACT

n-Conjugated luminescent materials are of considerable importance due to their
applications in the field of optoelectronics including organic light emitting diodes, light
emitting electrochemical cells and fluorescent probes. The solid state emission and full-
colour displays, require emission from all three primary colours- red, green and blue of
equal intensity and stability. However, the blue emitters, due to their inherent wide band
gap, are difficult to obtain as large band gap usually results in inefficient charge injection.
Although a plethora of fluorescent blue emitting materials have been reported with moieties
like pyrene, anthracene, fluorene, indenofluorene etc., they suffer from problems like
aggregation, formation of keto defects and poor thermal stability. Additionally, majority of
the reported materials do not possess solution-processability leading to utilization of
expensive fabrication/deposition techniques, which have been found unsuitable for large
surface area applications. Hence, there is a need to design and develop stable, solution-
processable fluorescent blue emitting materials. The compelling properties of truxene
scaffold provides it a huge potential as a precursor for the development of active materials
for blue emitting OLEDs. Truxene or 10,15-dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene is a
fused trimer of fluorene, which is a widely reported blue emitting material. This polyaromatic
C3 symmetric molecule possesses large -conjugated system with multiple reactive sites along
with high thermal stability, having T4 > 300 °C. Another distinct feature of truxene is its high
photoluminescence quantum yield due to its rigid structure. The positions 5,5',10,10',15,15'-
can be utilized for introduction of alkyl groups, thereby rendering it soluble in common organic
solvents. Apart from that, the positions 2,7,12- are also available for substitution or coupling
with other moieties to extend the m-conjugation. Therefore, this research focuses on

development of solution-processable truxene based blue emitters exploring various synthetic



routes, catalytic and non-catalytic. Additionally, a series of truxene based conjugated polymeric

materials has also been developed for blue emission.

In the first section, truxene core has been utilized to synthesize target molecules
(T1-T4) through palladium catalysed Suzuki and Buchwald-Hartwig cross coupling
reactions. The solution processability of the materials was improved by introduction of long
n-hexyl chains. The photophysical studies of the materials revealed their blue emitting
nature, in both solution and solid state. The highest photoluminescence quantum yield was
observed in the case of T2 corresponding to a value of 0.97. The compounds T2 and T3
were used as active materials for the fabrication of solution processed, single layer OLEDs,
with low turn-on voltage (2-3.3 V) and CIE coordinates corresponding to (0.16, 0.23) and
(0.17,0.36) for T2 and Ts, respectively. Additionally, a novel extended core of truxene was
developed, possessing planar and rigid structure similar to the truxene core. The derivatives
prepared from the core, especially target molecule Ts were found to have much narrow blue
emissions in both solution and solid-state, due to bulkiness of the core preventing the

aggregation.

In the next section, modified Debus-Radziszewski reaction was used to design and
synthesize series of truxene derived novel blue-emitting materials bearing
phenanthroimidazole (Te-T9) and diphenylimidazole (Ti0-T13) moieties. The facile
conditions of the reaction provides a potential for scale-up as well. The materials were
prepared by varying the phenyl group attached at the C2 position of phenanthroimidazole
and diphenylimidazole moieties. These substitutions were found to have significant effect
on the photophysical and electrochemical properties, with molecules bearing cyano
substituent Ts and Ti2 having charge transfer character dominant in their excited state.
Also, the materials exhibited good photoluminescence quantum yields as high as 0.83. The

optimized geometries obtained from the computational studies revealed the highly twisted

vi



geometries of the molecules, with dihedral angles of up to ~78°. The TCSPC studies of
these blue emitters revealed radiative pathways as dominant for deactivation of the excited

states.

In the final section, truxene based novel monomers were prepared through common
synthetic route. The synthesized monomers were utilized for the design of linear truxene-
functionalized homo- and co-polymers through well-established polymerization routes.
The homopolymers P1 and P2, were prepared through Yamamoto polymerization along
with a series of alternating copolymers Ps3-Ps, which were prepared by incorporating
fluorene and N-carbazole based derivatives as co-monomers, through Suzuki
polymerization reaction. The steady-state photophysical studies revealed the deep blue/blue
emitting nature of the synthesized polymers. GPC analysis showed a weight-average
molecular weight, My, of up to 57.4 X 102 g mol. Additionally, the polymers were also
found to possess high thermal stability with degradation temperatures up to 400 °C,

fulfilling the essential prerequisites as potential blue emitting materials.
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