






on efficient p-stacking, including conduction and charge mobility, are disrupted.
Random incorporation leads to variable sequence length distributions [11], limiting
the size of polymer segments capable of p-stacking and their oxidation potential.
In contrast, HT and TT isomers can easily access planarity or can adopt slight
twists in the solid state, since up to 20� twist at the HTor TT junction is found in a
shallow potential well (>1 kcal) in energy surface calculations. Defect-free HT
architectures can stack at all points along the polymer chain. Domains develop
from long, low oxidation potential segments with reorganization energy, the �cost�
of structural changes stabilizing oxidation or reduction of the p-system, rendered
negligible [12].
The synthesis of PTs falls into two distinct classes: oxidative coupling (chemi-

cally or electrochemically) and metal-assisted cross-coupling reactions. Oxidative
couplings lead to HT enriched sequences, with FeCl3 polymerization typically
yielding � 70% HT–HT, not a statistically random distribution of the four triads.
Control is possible exploiting electronic effects that localize charge, directing
reactivity of the monomer, but is severely limited to select functionality. Metal-
assisted cross-couplings are more versatile with selectivity derived from the metal-
monomer adduct. Functional group tolerance may be altered by choice of coupling
protocol. Coupling selectivity depends on the size of the metal and bulk of its
ligands [10]. It can be tuned from a statistically random to a quasi �living� process,
giving HT-regiospecificity for all but one coupling (HTn–TT) along with narrow
polydispersity and targeted molecular weight [13–15]. Several highly selective and
efficient metal-assisted cross-coupling polymerizations produce HT-regioregular
2,5-coupled architectures from asymmetric monomers and are reviewed elsewhere
in detail [2–4,16].

1.1.2
Advantages of the HT Architecture

The benefits of the predominantly HT architecture are immediately apparent in
PATs. Easily accessible planar conformations add new dimension to structural
organization, with aggregation and stacking extending electronic connections across
molecular ensembles. Self-assembly is inherent, preventing disorganized agglom-
eration under common processing conditions. Plasticization of alkyl chains by
suitable solvent allows reorganization and segregation of the aromatic backbone
from aliphatic substituents, forming p-stacks of linearly extended molecules – even
in solution. The drive to self-assemble is a specific function of the HT architecture.
However, in films cast quickly from solvent, trapping chains in a nonequilibrium
state can be found, leading to large internal tensile strain [17]. Irregular PT neither
develops strain nor spontaneously forms ordered structures. Slow casting deposits
strain-free films. Processing conditions can bias p-stack orientation parallel to a
surface, with linear [18] or radial [19] symmetry, or perpendicular to a surface [20].
Nanorods or fibers can be formed with domains oriented parallel [21] or perpendic-
ular [22] to the long axis. Crystalline needles several hundredmicrometers long have
been reported [23,24]. Such well-defined organization of organic semiconductors is
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exploitable for building electronic devices on a molecular level and should be taken
into account in device optimization.

1.2
Assembly and Morphology

Aggregation and assembly of solid-state structures can be rationalized from a simple
associative model (Figure 1.2). Molecular conformation, determined by solvation,
prefigures association [30]. Growing aggregates may either be plastic, reorganizing
for optimalmolecular contact or kinetically trapped in a durable but poorly organized
state. If themelting temperature of the side chains is below observation temperature,
a 2D ordered liquid crystalline phase is observed [25]. Slow drying of films allows
reorganization, while solvent remains as a plasticizer, and can yield a 3D ordered
crystalline solid [21]. Films commonly dry too quickly for this process to finish,
trapping an intermediate, partially crystalline structure within amorphous material

Figure 1.2 Possible molecular conformations and aggregation.
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