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The recent research in polymeric materials bearing metal complexes, has arise
scientific interest, while at the same time has create a novel extensive field of
macromolecular chemistry. The combination of inorganic metal groups with
macromolecules has lead to supramolecular structures with interesting physical and
chemical properties. Thus the main objective is to create materials that combine the
desired properties that arise from both the polymers and the inorganic metal groups.

Due to the strong affinity of the chemical bond that exists between the ions of the
transition metals and 2,2’-bipyridyl (bpy) or 2,2’:.6',2”-terpyridine units (tpy), the later
have been used as moieties capable for introduction of metals into polymers'2. Among
the various transition metal ions, such as the ions of Ru, Os, Co, Zn, Cu, Fe the Ru(ll)
ion is the most promising for use in the area of polymer complexes, since it allows the
direct synthesis of both symmetric or non-symmetric systems®®. The produced
inorganic-organic hybrid systems are nowadays very tempting and promising, since
they are able to combine both the properties of the metals (oxidoreductive,
optoelectronic, catalytic) and those of the polymers (process ability, mechanical
stability, and formation of thin films). Control over molecular architecture is one of the
most important goal in this field of polymer science, since this determines to a great
extend the properties of the final supramolecular material. Moreover this control of the
supramolecular polymers gives birth to “intelligent” materials through molecular
recognition of the supramolecular units.

In recent literature the use of such polymeric materials in optoelectronics is
extensively reported i.e. Light Emitting Diodes (LEDs) or Photovoltaic Cells (PC) and
Lasers. In an attempt to replace traditional inorganic systems the (2, 2’-bipyridyl)Ru(ll)
complex seems to be the most promising™>*.

Most emphasis is given to the introduction of bipyridyl complexes into a polymeric
backbone, making it possible to synthesize polymer structures with well defined
architecture, since the bpy group has been used as a ligand for a large variety of ions
of the transition metals’.
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Fig. 1: Example of ATRP polymerization with functional initiator

In this work we present the synthesis of a new vinylic monomer of 2, 2’-bipyridyl,
starting from 2-bromopyridine and converting it to a stanyl pyridine unit, which then
reacts with 2,5-dibromopyridine trough a Stille coupling. Then via a Suzuki coupling
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with styryl-boronic acid we result in the desired vinyl monomer. This in sequence is
transformed to a (2, 2-bipyridyl);Ru(ll)** complex by reacting with Ru(bpy).Cl..
Polymerization of this monomer using ATRP conditions, combined with functional
initiators has lead to the synthesis of such homopolymers, making it possible for use in
applications such as Hybrid Photovoltaic Cells (PC) and Polymeric Light Emitting
Diodes (PLEDs) . The resulting polymer structure is confirmed via NMR. The optical
properties of these new polymers are studied using UV-Vis and Photoluminescence.
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Fig. 2: UV-Vis and PL spectra of monomer and polymers P1, P2

Homopolymer P1, which is bearing a functional initiator with two carboxylic groups, was
able to be attached onto TiO, and tested in a single photovoltaic cell. Photovoltaic
performance exhibit a short circuit photocurrent density of Js.= 39 uA/cm?, open circuit
potential V.= 350 mV, fill factor ff=0.39 and a power conversion n=0.005%.
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Introduction

The recent research in polymer(mamlsbaan gmeﬂ!cnmplex& |has arise scientific interest, while at the same time has create a novel extensive field of r
metal groups with has lea

arise from both the polymers and the |nnrgamc metal groups.

Due to the strong affinity of the chemical bond that exists between the ions of the transition metals and 2,2"bipyridyl (bpy) or 2,2':6',2"terpyridine units (tpy), the later have been used as moieties capable for
introduction of metals into polymers!2. Among the various transition metal ions, the Ru(Il) ion is the most promising for use in the area of polymer complexes, since it allows the direct synthesis of both symmetric or
nan-symmetric systems®*. In recent literature the use of such polymeric materials in optoelectronics is extensively reported in Light Emitting Dicdes (LEDs) or Photovoltaic Cells {PV) and Lasers. In an attempt to
replace traditional inorganic systems the tris- bipyridyl-Ru(IT) complex seems to be the m pmmsmgu’

Working in the direction of PV, a novel vinylic monomer of (bpy)}Ru(ll) was and ized using ATRP di
homopolymer has the proper characteristics for its application in hybrid solar cells. Both the monomer and b by
the polymer was tested for its PC performance in a single photovoltaic cell.

slar chemistry. The of inorganic
structures with interesting physical and chemical properties. Thus the main objective is to create materials that combine the desired properties that

- A dlcerbuxv functionalized initiator has been used and the synthesized functional
d, h ized by *H-NMR, UV-Vis, PL and viscosity measuremant. Moreover

Characterization

Suwzuki coupling of S-bromo-2, 2bipyridine (a) with 4-styryl boronic acid in the presence of
Pd(PPhy), as catalyst, produces S-{p-vinylphenyl)-2,2-bipyridyl (vbpy)(b). Dichlorodis (2,2
bipyridine)- Ruthenium(lI)  (Ru(bpy),Ch) (c) was synthesized by reacting 2,2"-bipyridine with
(Ru(t1)Cly) in DMF. [Ru(bpy),(vbpy))(PF 5); (d) was produced by complexation of b and c in EtOH at

(Scheme 1). Polymerization of monomer d using ATRP conditions with CuBr as catalyst,

The vinylic monomer [Ru(bpy)(vbpy)(PFs); d and the homopolymer P1 were characterized by

H-NMR spactroscopy (Figure 1). The *H-NMR spectra proves the successful synthesis of d, as well
as P1, since the olefinic peaks at 5.3, 5.94 and 6.75 of the monomer are not present at the
polymers’ 1H-NMR graph. Viscosity measurements were performed for P1, and d in DMF at 30°C
(quu'e 2), showing the viscosity behavior of P1 and d; an mcrease in the reduced viscosity is

PMDETA as base and 2 functional inftiator in DMF at 110°C, produced the first homopolymer of

as the concentration decreases. Such behavior can be explained in terms of the
(bpy)Ru(II) complex (Scheme 2).

pdvdecu'olwe nature of the polymer, due to the presence of the Ru(lI) and the PFy counter ions.
Moreover this novel vinylic monomer and homopolymer are studied with respect to their optical
properties using UV-Vis and Photoluminescence (Figure 3,4). Finally P1 was applied in 3 single
photovoltaic cell and tested for its performance (Table 1).
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Figure 1: *H-NMR of monomer d and polymer P1
in DMSO- g

Figure 2 \iscosity measurements of
polymer P1 and monomer d

Scheme I: Chemical structure and synthesis of the vinyl monomer [(vbpy)(bpy);IRu (d)
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Figure 4: P spectra of d and P1 after
excitation at the absorption maxima of the
metal complex (454nm).

Figure 3: UV-Vis spectra of monomer d and
polymer P1. The insert shows the PL spectra
after excitation at 288nm

Scheme 2 : Atom Transfer Radical Polymerization of monomer d with a functicnal initiator
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The technology of renewable energies, aims in the long run, to efficiently contribute to the
solution of the energy problem both economically and environmentally friendly. In respect to the
materials science, the interest for the development of energy related materials, is of great interest and one
of the main achievements focused into Organic Solar Cells. These are categorized to Cells of Organic
Molecules, Polymeric/Plastic Cells (OPVs) and Dye Sensitized Cells (DSSCs). Our group is mainly
focused in the development of the two latter systems, the Plastic and the Dye Sensitized Solar Cells.

In the field of OPVs, our group is focused on producing polymers that shall act as p-n type
heterojunctions over a conductive polymeric substrate, and semi-conductive polymers that will function
as hole or electron acceptors/transporters respectively.

For the electron donor/acceptor or even transporter segments, derivatives of oxadiazole,
carbazole, quinoline, fluorene and thiophene monomers are utilized. These moieties are producing
specific polymeric “architectures” and they are extensively characterized in respect to their molecular
characteristics and optoelectronic properties. Such polymers/copolymers and block copolymers, are
produced through controlled radical polymerization techniques like Atom Transfer Radical
Polymerization and Heck coupling polymerization.

Our main objective in DSSCs is to replace the commonly used dyes (complexes of transition
metal ions with organic molecules) with polymeric dyes, thus utilizing the advantages of the polymers’
character in a sensitized Solar Cell. Such polymers produced, consist of polymeric complexes of the
Ruthenium (II) ion, with tridentate or bidentate ligands like 2,2°:6,2’-terpyridine and 2,2’-bipyridine
respectively.

Recently our laboratory has been involved in the rapidly evolving technology of Carbon
Nanotubes (CNTs) modification. In this direction polymer modifications of Single Wall Carbon
Nanotubes was attempted, in order to develop new composite materials that combine the electron donor
or acceptor properties of the polymers with those of the CNTs. The final product is characterized with the
conventional methods used for CNTs, as well as for their optoelectronic properties.
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