Q1

O 00 N O U A WN

Y S Sy
D U W N = O

JID: JECHEM

[m5G;December 13, 2017;8:30]

Journal of Energy Chemistry xxx (2017) XXX-XXX

Journal of Energy Chemistry

journal homepage: www.elsevier.com/locate/jechem

Contents lists available at ScienceDirect

JeC

JOURNAL OF ENERGY CHEMISTRY
——

http://www.journals.elsevier.com/
journal-of-energy-chemistry/

Photovoltaic molecules based on vinylene-bridged oligothiophene
applied for bulk-heterojunction organic solar cells

Jing Zhang?, Pan YinP®, Linjun Xu? Ping Shen®* Mingfu Ye* Ningyi Yuan®*

Jianning Ding®*

aSchool of Material Science & Engineering, Jiangsu Collaborative Innovation Center of Photovoltaic Science & Engineering, Changzhou University, Changzhou

213164, Jiangsu, China

b College of Chemistry and Key Laboratory of Environmentally Friendly Chemistry and Applications of Ministry of Education, Xiangtan University, Xiangtan

411105, China

¢School of Chemistry and Chemical Engineering, Anhui University of Technology, Maanshan 243002, Anhui, China

ARTICLE INFO

ABSTRACT

Article history:

Received 15 September 2017
Revised 15 November 2017
Accepted 1 December 2017
Available online xxx

Keywords:

Organic solar cells

Photovoltaic organic molecules
Vinylene-bridged oligothiophene

We have synthesized two photovoltaic molecules (HEX-3TVT-ID and EH-3TVT-ID) based on vinylene-
bridged oligothiophene applied as donor for the solution-processable bulk-heterojunction organic solar
cells (OSCs). Vinylene unit was introduced as w-bridge in the oligothiophenes with 1,3-indenedione as
end group and 4,4’-dihexyl-2,2’:5',2’-terthiophene or 3’,4’-di(octan-3-yl)-2,2":5',2'-terthiophene as core,
respectively. Due to the different substituent position of the alkyl group relative to the vinylene unit
in the terthiophene, HEX-3TVT-ID and EH-3TVT-ID show different optical and electrochemical proper-
ties, corresponding to the photovoltaic performance of the OSCs devices. The power conversion efficiency
(PCE) of the OSCs based on a blend of HEX-3TVT-ID and PC;;BM (1:0.8, w w~1, 0.5% CN) reached 2.3%. In
comparison, the OSCs based on the blend of EH-3TVT-ID and PC7;BM in the weight ratio of 1:1 without
the additive shows a higher PCE of 2.7%, with a typically high Voc of 0.93V, under the illumination of

AM 1.5, 100mW cm—2.

© 2017 Published by Elsevier B.V. and Science Press.

1. Introduction

Organic solar cells (OSCs) have attracted exceeding interests
and been considered to be one of the prospective alternatives to
silicon-based solar cells due to their unique features, such as low
processing cost, mechanical flexibility, compatibility with roll-to-
roll printing processes and light weight [1-8]. Conventional OSCs
are based on the bulk heterojunctions of p-type (electron donor)
and n-type (electron acceptor) organic semiconductors. Over the
past two decades, fullerene derivatives like PCBM and ICBM have
been the major choice of electron acceptors and a power con-
version efficiency (PCE) up to 11.7% has been reported for donor-
fullerene-based devices [9-13]. On the other hand, rapid progress
has been made and the PCE of the devices based on donor
and non-fullerene electron acceptors can reach as high as 13.8%
[14-20]. For more choices of the n-type organic semiconductors,
the demand and the choice of the p-type organic semiconductors
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increase. So developing new kinds of the p- and n-type organic
semiconductors is still vital to enhance the PCE of the OSCs.

Chen et al. have reported a series of small molecules based on
oligothiophenes and the OSCs based on them as donor can ob-
tain the PCEs as high as 10%, which illustrate that the simple A-
D-A oligothiophenes is a successful design for the donor materials
[3, 21-23]. Roncali group have published a review based on olig-
othienylenevinylenes (nTVs). They demonstrated that the presence
of vinylene in the molecule structure can make the molecules pos-
sess defined configuration products and a decrease of rotational
disorder comparing with the single bond [24, 25].

We have synthesized two molecules (HEX-3TVT-ID and EH-
3TVT-ID) based on vinylene-bridged oligothiophene applied for
the OSCs. Vinylene unit was introduced as m-bridge instead
of single bond with 1,3-indenedione as end group and 4,4’-
dihexyl-2,2":5' 2'-terthiophene or 3’,4’-di(octan-3-yl)-2,2:5',2’-
terthiophene as core, respectively. Due to the different position
of alkyl substituent relative to the vinylene unit in the terthio-
phene, HEX-3TVT-ID and EH-3TVT-ID show different optical and
electrochemical properties, corresponding to the photovoltaic
performance of the OSCs devices. The PCE of the OSCs based on
a blend of HEX-3TVT-ID and PC;BM (1:0.8, w w~!, 0.5% CN)
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EH-3TVT-ID

Scheme 1. Synthetic route of HEX-3TVT-ID and EH-3TVT-ID: (I) POCl3, DMF, CICH,CH,Cl, under N, 45 °C for 2h;

(1I1) 5-bromo-4-hexylthiophene-2-carbaldehyde, Pd(OAc),,
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Fig. 1. TGA plots of HEX-3TVT-ID and EH-3TVT-ID.

reached to 2.3%. In comparison, the PCE of the OSCs based on
the blend of EH-3TVT-ID and PC;1BM in the weight ratio of 1:1
without the additive shows a higher PCE of 2.7%, with a typically
high Voc of 0.93V, under the illumination of AM 1.5, 100 mW
cm—2,

2. Experimental

2.1. Chemicals

All of the chemicals were obtained from Acros Organics
including methyltriphenylphosphonium bromide, n-butyllithium

o

(1) MePh3PBr, n-butyllithium, THF, under N,, —78 °C;

NaOAc, n-BuyNBr, DMF, under N,, 100 °C for 24 h; (IV) 1,3-indanedione, toluene, under N5, 90 °C for 12 h.
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Fig. 2. UV-vis absorption of HEX-3TVT-ID and EH-3TVT-ID in CHCl; solution and in
film state.

(2.88mol L1 in hexane), tetrabutylammonium bromide, sodium
acetate, palladium acetate and so on.

2.2. Measurements

MALDI-TOF spectra, nuclear magnetic resonance (NMR) spec-
tra, absorption spectra, the TGA measurement and the electro-
chemical cyclic voltammogram were recorded by Bruker BIFLEXIII,
Bruker DMX-400 spectrometer, Hitachi U-3010 UV-vis spectropho-
tometer, Perkin-Elmer TGA-7 apparatus and Zahner IM6e, respec-
tively, according to the method of the ref. [26]. OSCs devices
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