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A B S T R A C T

In this paper, we investigate two bacteriochlorophyll (BChl) derivatives, namely methyl (pyro)
bacteriopheophorbide a [BChl-(2)1], with excellent absorption in near-infrared regions as donor
materials for organic solar cells (OSCs). In the meantime, we prepare two methyl (pyro)pheophorbide a
[Chl-(2)1] as reference to make a comparison. Compared to the small red-shifts of absorption bands of
Chls-1/2 after forming the thin film through spin coating of the homogeneous solution, the absorption
spectra of BChls-1/2 exhibited larger red-shifts from the absorption peak at 750 nm in the solution to the
absorption peak at 860 nm after forming the solid film. This significant absorption shift is attributed to
the formation of J-type aggregates by intermolecular p-p stacking among the BChl-1/2 molecules.
What’s more the absorbed sunlight of the BChls-1/2 aggregates at the near-infrared (NIR) region can be
transferred into photocurrent which can be proved from the EQE indicating the energy and electron
transferring between BChl aggregates are efficient. The optimized power conversion efficiency (PCE)
value of 1.43% under standard AM1.5 mW/cm2 sunlight was achieved with the BChl-1: C70 planar-
heterojunction (PHJ) cells.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Organic solar cells (OSCs) have shown the potential to be the
next generation of photovoltaic devices since they have many
advantages including flexible, light weight, low cost and easy to
manufacture [1–4]. In general, broadening the absorption range to
near-infrared (NIR) wavelength in solar energy can enhance the
generation of photocurrent [5,6]. Organic small molecule such as
porphyrin are widely used in dye-sensitized solar cells [7–10].
Bacteriochlorophylls (BChls) which are analogues of porphyrin are
capable of harvesting sunlight and transferring the excited energy
in natural photosynthetic processes [11–13]. Another advantage of

using BChl molecules as the donor materials of OSCs is that the
molecular structure of the BChls is tunable through replacing the
molecular peripheral substituents thus we can design and
synthesize the suitable molecules with a proper energy level, an
excellent charge transport capacity, a high solubility and so on [14–
16].

The BChl and chlorophyll (Chl) molecules used in the present
investigation are cyclic tetrapyrroles [17,18]. Such (B)Chls can
readily self-assemble into J-type of aggregation and in general the
formation of J-type aggregates can enlarge the carrier mobility and
charge transportation ability [19–22].

In this work, we employed two BChls, methyl bacteriopheo-
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phorbide a (BChl-1), and methyl pyrobacteriopheophorbide a
(BChl-2) as an electron donor and two Chls, methyl pheophorbide a
(Chl-1), methyl pyropheophorbide a (Chl-2) as references. These
semi-synthesized (B)Chls were employed in conjuncture with
fullerene C70 as an electron acceptor in planar-heterojunction (PHJ)
cells. The PHJ solar cells based on BChl-1 exhibit the power
conversion efficiency (PCE) of 1.43% under AM1.5 solar illumina-
tion (100 mW/cm2) at room temperature. Since the devices were
fabricated with BChl-1/2 aggregates absorbing the NIR light energy
and can eventually transform the NIR light into photocurrent, they
are inexpensive and less pollutive to the environment compared
with other systems using fully synthesized chemicals.

2. Experimental section

2.1. Materials

BChls-1/2 and Chls-1/2 are semi-synthesized as reported before
[23–25]. Both the indium-tin oxide (ITO), MoO3, C70, bath-
ocuproine (BCP), and Al were commercially available.

2.2. Device fabrication

PHJ solar cells were fabricated with the following structures:
indium tin oxide (ITO)/MoO3 (5 nm)/(B)Chls (10 nm)/C70 (40 nm)/
BCP (8 nm)/Al (100 nm). The ITO substrates were precleaned with
detergent, deionized water, acetone and isopropyl alcohol in an
ultrasonic bath for 20 min in sequence and then exposed in
ultraviolet-ozone for 15 min. Then the substrates were transferred
into high-vacuum chamber where a 5 nm thick MoO3 layer were
thermally deposited on the ITO substrates. After that, the (B)Chls in
chloroform (10 mg/mL) were spin-coated on the MoO3 modified
ITO substrate to reach a 10-nm thickness film. Then C70, BCP, and Al
were sequentially thermally deposited in high vacuum.

2.3. Material characterization

UV/Vis/NIR absorption spectra of (B)Chls on the solid film and in
a tetrahydrofuran (THF) solution were recorded by a Shimadzu UV-
3100 spectrophotometer. The cyclic voltammograms (CVs) of (B)
Chls dispersed in dichloromethane were recorded by a VSP

Fig. 1. The molecular structures of (B)Chls-1/2 as donor materials.
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