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Synthesis and dye sensitized solar cell
applications of Bodipy derivatives with
bis-dimethylfluorenyl amine donor groups†

Yusuf Çakmak,*a Safacan Kolemen,a Muhammed Buyuktemiz, b Yavuz Dedeb and
Sule Erten-Ela*c

Three Bodipy dyes with strong absorptivities in the visible and near infrared regions were designed,

synthesized and their potential as photosensitizers for liquid electrolyte-based dye sensitized solar cells

have been evaluated. For the first time Bodipy derivatives with bis-dimethylfluorenyl amine donor groups

which were known for their bulky structures as donor groups have been used together. We altered our

mostly used triphenylamine group with these and investigated the dye-sensitized solar cell e�ciencies

of this new class of Bodipy dyes.

Introduction

The dye-sensitized solar cell (DSSC) concept is thought of as an
important alternative to the traditional semiconductor based
solar cells because of the limits and problems of these widely
used constructs.1 An important part of this emerging field
is the choice of sensitizer.2 Bodipy dyes which we use in our
studies have a strong reputation as fluorophores3 and in recent
years a number of DSSCs have been studied using these
compounds. The first rationally designed example of a Bodipy-
based sensitizer was reported a few years ago,4 followed by a few
more recent articles including both liquid electrolyte and solid
state based DSSCs.5 A few years ago, we have achieved an overall
efficiency of 2.46 using a long wavelength-absorbing derivative.6

Lately, more efficient liquid electrolyte-based DSSCs based on
Bodipy structures have been achieved with record values of overall
power-to-current conversion efficiency of 4.89% and 5.31% by
Zhang’s group8 and 6.06% by Kubo’s group.9 It is clear that the
optimal solar cell performance of a photosensitizer is dependent
on a large number of parameters; however, the absorption range,
anchoring groups and the direction of electronic reorganization
upon excitation should be among the most important ones.7

Recent developments in Bodipy chemistry allow diverse modifica-
tions on the core structure.3,8 Through these modifications, many

characteristics of the parent chromophore can be altered in the
desired direction, for example, it is possible to shift the absorption
wavelength through the red end of the electromagnetic spectrum
by just simple chemical transformations.8b,9 In addition to these,
solubility and aggregation characteristics of these dyes can also be
modulated as needed.3

Thiophene is known to be used frequently in DSSCs because
of its electron transfer ability.10 Since electron delocalization
through the p-system is an important factor in DSSCs, we have
appended the thiophene unit to the Bodipy structure. The
thiophene carboxylic acid unit has been attached to the meso
(8�) position of the Bodipy core, since this position was
calculated be more feasible for electron injection.5a,6 Direct
attachment of the thiophene unit to the core was also thought
to enhance the efficiency of electron transfer. As an anchoring
group, the carboxylic acid was used due to the synthetic
problems we faced while trying to attach the cyanoacetic acid
moiety, which is also known to bind efficiently to the TiO2

surface and increases the electron withdrawing ability of the
electron-injecting unit. The electron donor part is also an
important parameter in DSSC design and efficient usage of
the donor groups has a substantial role in increased cell
efficiencies. In this study, we altered our mostly used triphenyl-
amine group with the bis-dimethylfluorenyl amine group.
This group has been successfully utilized in some literature
reports11 and due to its bulky structure it has been widely
proposed as a donor group. It has also been suggested that
using bulky structures increases the stability of oxidized dye
molecules. Hence, in Bodipy dyes we have designed and
synthesized bis-dimethylfluorenyl amine donor groups for
DSSC application for the first time to our knowledge. Fig. 1
shows the synthesized photosensitizers for DSSC application.
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N. Leclerc, S. Fall, P. Lévêque, T. Heiser, P. Retailleau,
S. Rihn, A. Mirloup and R. Ziessel, J. Am. Chem. Soc., 2012,
134, 17404; ( j ) S. Kolemen, Y. Cakmak, T. Ozdemir,
S. Erten-Ela, M. Buyuktemiz, Y. Dede and E. U. Akkaya,
Tetrahedron, 2014, 70, 6229; (k) Y. Ooyama, Y. Hagiwara,
T. Mizumo, Y. Harima and J. Ohshita, RSC Adv., 2013,
3, 18099; (l ) Y. Ooyama, Y. Hagiwara, T. Mizumo,
Y. Harima and J. Ohshita, New J. Chem., 2013, 37, 2479.

6 (a) S. Kolemen, O. A. Bozdemir, Y. Cakmak, G. Barin, S. Erten-
Ela, M. Marzalek, J.-H. Yum, S. M. Zakeeruddin, M. K.
Nazeeruddin, M. Grätzel and E. U. Akkaya, Chem. Sci., 2011,
2, 949; (b) S. Erten-Ela and A. C. Cakir, Energy Sources, Part A,
2015, 37, 807; (c) S. Erten-Ela and K. Ocakoglu, J. Ind. Eng.
Chem., 2014, 20, 474.

7 (a) M. Mao, X.-L. Zhang, X.-Q. Fang, G.-H. Wu, Y. Ding, X.-L.
Liu, S.-Y. Dai and Q.-H. Song, Org. Electron., 2014, 15, 2079;
(b) M. Mao, X.-L. Zhang, X.-Q. Fang, G.-H. Wu, S.-Y. Dai,
Q.-H. Song and X.-X. Zhang, J. Power Sources, 2014, 268, 965;
(c) M. Grätzel, J. Photochem. Photobiol., C, 2003, 4, 145.

8 (a) Y. Kubo, D. Eguchi, A. Matsumoto, R. Nishiyabu,
H. Yakushiji, K. Shigakib and M. Kaneko, J. Mater. Chem. A,
2014, 2, 5204; (b) O. Buyukcakir, O. A. Bozdemir, S. Kolemen,
S. Erbas and E. U. Akkaya, Org. Lett., 2009, 11, 4644;
(c) Y. Cakmak, S. Kolemen, S. Duman, Y. Dede, Y. Dolen,
B. Kilic, Z. Kostereli, L. T. Yildirim, A. L. Dogan, D. Guc and
E. U. Akkaya, Angew. Chem., Int. Ed., 2011, 50, 11937.

9 Z. Dost, S. Atilgan and E. U. Akkaya, Tetrahedron, 2006,
62, 8484.

10 Y. Liu, N. Xiang, X. Feng, P. Shen, W. Zhou, C. Weng,
B. Zhao and S. Tan, Chem. Commun., 2009, 2499.

11 (a) H. Choi, J. K. Lee, K. Song, S. O. Kang and J. Ko, Tetrahedron,
2007, 63, 3115; (b) M. S. Kang, S. H. Kang, S. G. Kim, I. T. Choi,
J. H. Ryu, M. J. Ju, D. Cho, J. Y. Lee and H. K. Kim, Chem.
Commun., 2012, 48, 9349; (c) J. Kim, H. M. Ko, N. Cho, S. Paek,
J. K. Lee and J. Ko, RSC Adv., 2012, 2, 2692.

12 (a) H. Doi, M. Kinoshita, K. Okumoto and Y. Shirota, Chem.
Mater., 2003, 15(5), 1080; (b) F. Yang, X. L. Xu, Y. H. Gong,
W. W. Qiu, Z. R. Sun, J. W. Zhou, P. Audebert and J. Tang,
Tetrahedron, 2007, 63(37), 9188.

13 Y. Ooyama and Y. Harima, ChemPhysChem, 2012, 13, 4032.
14 D. Vijay, E. Varathan and V. Subramanian, J. Mater. Chem. A,

2013, 1, 4358.

NJC Paper

Pu
bl

is
he

d 
on

 1
7 

M
ar

ch
 2

01
5.

 D
ow

nl
oa

de
d 

by
 B

ilk
en

t U
ni

ve
rs

ity
 o

n 
28

/0
8/

20
17

 1
4:

01
:0

2.
 

View Article Online

http://dx.doi.org/10.1039/c4nj02393e



