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Ms. Ref. No.: ORGELE-D-15-00276R1

Title: Improved photovoltaic performances of dye-sensitized solar cells with ZnO films
co-sensitized by metal-free organic sensitizer and N719 dye

Organic Electronics

Dear Prof. LuYin Lin,

I am pleased to confirm that your paper "Improved photovoltaic performances of
dye-sensitized solar cells with ZnO films co-sensitized by metal-free organic sensitizer
and N719 dye" has been accepted for publication in Organic Electronics.

Your accepted manuscript will now be transferred to our production department and work
will begin on creation of the proof. If we need any additional information to create the proof,
we will let you know. If not, you will be contacted again in the next few days with a request
to approve the proof and to complete a number of online forms that are required for
publication.

Once forwarded to the publisher, your manuscript will be placed on the web
(www.elsevier.com/locate/orgel) under the "Articles In Press" section (right margin under

"Further Links"). The manuscript will also appear in the next published version of Organic

Electronics.

Comments from the Editor and Reviewers can be found below.

When your paper is published on ScienceDirect, you want to make sure it gets the
attention it deserves. To help you get your message across, Elsevier has developed a new,
free service called AudioSlides: brief, webcast-style presentations that are shown (publicly
available) next to your published article. This format gives you the opportunity to explain
your research in your own words and attract interest. You will receive an invitation email to
create an AudioSlides presentation shortly. For more information and examples, please
visithttp://www.elsevier.com/audioslides.

Thank you for submitting your work to this journal.

With kind regards,

Chihaya Adachi, PhD



Editor
Organic Electronics

Comments from the Editors and Reviewers:

Reviewer #1: The authors have replied and revised the manuscript as reviewer's
comments and suggestions. In particular, they explained the argument on the
electrochemical impedance analysis in detail. Now, the manuscript could be accepted
directly.

dedededededok doddededoddede doded dededde ke kd ok dededk ko dedek dede ko R ek de ek ke de ke ke dedkdededodk

For further assistance, please visit our customer support site
at http://help.elsevier.com/app/answers/list/p/7923. Here you can search for solutions on

a range of topics, find answers to frequently asked questions and learn more about EES
via interactive tutorials. You will also find our 24/7 support contact details should you need
any further assistance from one of our customer support representatives.

This message has been analyzed by Deep Discovery Email Inspector.
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coefficient, the W4 dye was applied to co-sensitize with the N719 dye. A wide absorption wavelength
(400 to 700 nm) for light harvesting is obtained for the co-sensitized ZnO film soaking in the N719 dye
for 2 h and subsequently in the W4 dye for 1.5 h, and thereby an light-to-electricity conversion
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ABSTRACT: The atom transfer radical polymerization
(ATRP) of methyl methacrylate (MMA) is often carried
out under homogeneous conditions, so the residual metal
catalyst in the polymer often influences the quality of the
polymer and causes environmental pollution in the long
run. Novel CuBr/4,4'-bis(RICH,OCH,)-2,2-bpy com-
plexes (Rf = n-CgFqg, n-CqoFa1, or n-CyiFay; 2,2-bpy =
2,2"-bipyridine) are insoluble in toluene at room tem-
perature yet readily dissolve in toluene at elevated tem-
peratures to form homogeneous phases for use as
catalysts in the ATRP reaction, and the Cu complexes

precipitate again upon cooling. The CuBr/4,4"-bis(n-CoF;o
CH,OCH,)-2,2"-bpy system produced the best results
(e.g., polydispersity index by gel permeation chromatog-
raphy = 1.26-1.41), in that the residual Cu content in the
polymer was as low as 19.3 ppm when the ATRP of
MMA was carried out in the thermomorphic mode.
© 2008 Wiley Periodicals, Inc. ] Appl Polym Sci 110: 2531-2537,
2008

Key words: atom transfer radical polymerization (ATRP);
catalysts; gel permeation chromatography (GPC)

INTRODUCTION

The search for recoverable catalysts is a major task
in the field of cat:al;/'sis.1 Atom transfer radical poly-
merization (ATRP)® is an area of intense research
because of the possibility of controlling the molecu-
lar weight, polydispersity index (PDI), and end-func-
tionalized synthesis of the final polymer. ATRP
typically uses one metal/ligand complex to mediate
one growing polymer chain to achieve reasonable
reaction rates. Consequently, the resulting polymer
is often colored because of the residual metal.
Indeed, one of the limitations of ATRP for indus-
trial development is the presence of a residual tran-
sition-metal catalyst in the final polymer, which is
likely to cause environmental problems. Different
purification methods have been proposed in the
recent literature, but the most developed method is
the immobilization of the ATRP catalyst onto or-
ganic or inorganic polymeric supports.> However,
immobilized catalysts usually do not effectively
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mediate the polymerization process. This may be
attributed to a number of factors, including poor
contact of the growing radical chain end to the deac-
tivating species® and catalyst heterogeneity.®

Recently, more efficient heterogeneous,® two-com-
ponent heterogeneous/homogeneous,” and thermo-
responsive catalysts® have been reported. However,
the relatively tedious preparation and recovery pro-
cedures might pose limitations for industrial applica-
tions. In 1999, Vincent et al’ reported the first
example of a recyclable molecular catalyst for ATRP
based on a fluorous biphasic system, which proved
to be effective for catalyst recovery with the ATRP
method. However, its expensive cost and low effi-
ciency in controlling the molar masses of the poly-
mers prevent it from being used in industrial
applications.'”

Gladysz and coworkers recently introduced
the solubility-based thermomorphic properties of
heavy fluorous catalysts in organic solvents as a new
strategy for performing homogeneous catalysis with-
out a fluorous solvent. Catalyst recovery has been
achieved by liquid/solid separation. % Vincent
et al'* in 2004 also reported the solubility-based
thermomorphic properties of a nonfluorous catalyst
that is based on a long hydrocarbon chain (CgHyy).
Inspired by these works, we have been wondering if
this approach could be extended, for particular
cases, to catalysts carrying O-perfluoroalkylated
2,2"-bipyridine (2,2-bpy) ligands. Reported here is

11,12
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Synthesis of Well-defined Block Copolymer Electrolytes Using Atom
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Abstract

A series of well-defined hydrophobic-hydrophilic di-blocks has been synthesized under environmentally friendly conditions through
atom transfer radical polymerization (ATRP). The hydrophilic block is based on methoxy-capped oligo(ethylene glycol) methacrylate
(nEGMA, n=4~5,8~9) and the hydrophobic component is PMMA block. ATRP prepared PMMA-Br (M, 12000 M, / M, 1.37) was applied
as a macroinitiator. Two solvent sysiems, acetone and mixed solvents of toluene/H,O (1/10), were employed. The acetone mediated
polymerization gave the copolymer good control of molecular weight distribution (1.2) and rapid conversion. The toluene/H,0 mediated
polymerization provided the copolymer with a higher molecular weight but a less narrow polydispersity. The maximum conductivity was
measured as 4.8 * 10 Sfem at 90 °C with di-block coplymer, (PMMA)~b-(P,EGMA), (n=8~9, %/ ratio 3/1, contained ~67 wi% PEGMA),

doped with Li salt ([EO:Li'] =20:1). The conductivity at room temperature was ea 2 x 107 S/em.

Keywords: Atom transfer radical polymerization (ATRP), co-polymer, electrolyte.

1. Introduction

Amphiphilic block copolymers in selective solvents
undergo macromolecular assembly to generate polymeric
micelles and micelle-like aggregates which have been the
subject of recent studies.[1-5] Under certain conditions, a
net repulsion between the polymer blocks induces micro-
phase separation into periodically spaced nanoscopic
domains.[6]  Selecting the hydrophilic block with a
lithium-salt-solvating property enables the formation of a
continuous ion-conducting pathway. The hydrophobic
block with a solid-like property establishes the mechanical
strength of the ion-conducting channels. Thus, this
amphiphilic block copolymer is a potential candidate as a
solid-state electrolyte for forming a thin film polymer
lithium battery.

Most micelle-forming block copolymers prepared to
date are based on hydrophilic poly(ethylene oxide) (PEO),
and structural variations have been made mainly involving
the hydrophobic block for example polyesters, polystyrene,

poly(amino acids), poly(propylene oxide), and polyalkanes.

[2,7-9] Although synthesized by numerous other research
groups [10-12], various controlled structure hydrophilic
copolymers have generally been prepared using ionic
living polymerization chemistry under strictly anhydrous
conditions. Water-soluble copolymers that could be

‘Corresponding author, Fax: +886-2-27317174.
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synthesized directly in aqueous media with precise control
over their molecular weight distribution and copolymer
architecture are a particularly interesting prospect. A few
years ago, Matyhaszewski et al. [14] and Sawamoto et
al.[15] independently developed transition metal catalyzed
living free radical polymerization, which has subsequently
come to be known as atom transfer radical polymerization
(ATRP).[14] ATRP is generally initiated with an alkyl
halide (R-X) and catalyzed using a transition metal
complex, such as CuX/bpy.

The first example of aqueous ATRP was from
Matyhaszewki et al, who found that ATRP of 2-
hydroxyethyl acrylate can be conducted directly in water to
obtain a final polymer with a narrow polydispersity, such
as 1.34.[16] Following its discovery this study reported
the facile ATRP of in acetone and in mix solvent
(toluene/H,0) at room temperature. with various
methoxycapped oligo(ethylene glycol) methacrylate
(nEGMA, n=2,4~5,8~9) (Fig. 1). A remarkably rapid rate
of polymerization was observed, along with predetermined
molecular weights with narrow molecular weight
distributions in the range 1.2-1.4, indicating good living
character.



