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ABSTRACT

In the current study we demonstrate an application of four previously synthesized 1,7-diphenyl-substituted BODIPY species for inverted photovoltaic cells and for
organic light-emitting devices (OLEDs). Depending on the type of substituents or annulation of the pyridone rings these dyes exhibit spectral properties in the full
visible region up to the near-infrared wavelengths. All the studied compounds show very strong visible absorption that can be ascribed to the low lying LUMO levels
making them electronically suitable as acceptors for many donor materials. The best fabricated inverted photovoltaic device based on the BODYPI-core derivatives
demonstrates a power conversion efficiency equal to 1.36% which is close to previously published reports for related species. Two kinds of deep red OLEDs (doped
and undoped) with narrow electroluminescence spectra (full width at half maximum up to 45 nm) have been fabricated. Maximum brightness of 3900 cd m~2 and an

external quantum efficiency by 2.3% were achieved for the best OLED structure.

1. Introduction

Derivatives of BODIPY (IUPAC name is 4,4-difluoro-4-bora-3a,4a-
diaza-s-indacene) have attracted growing attention during recent years
as promising materials for organic light-emitting diodes [1-4], bio-
sensors [3], solar energy convertors [5,6] and telecommunication
technologies [1]. Generally, the luminescence of BODIPY dyes in the
solid state is significantly suppressed due to the strong n-n stacking in-
teractions between the rigid BODIPY planes, which lead to fluorescence
self-quenching not only in the solid state but also in solutions at high
concentration of BODIPY dyes. A further reason for the efficient fluo-
rescence self-quenching of BODIPY dyes is the very small Stokes shift
(5-20 nm) which leads to reabsorption of the emitted light. On the other
hand, the BODIPY-core dyes usually possess attractive properties like
excellent thermal, chemical, and photochemical stability, high molar
absorption coefficients (up 10° M~! cm™! order of magnitude),
comparatively high fluorescence quantum yields in dilute solutions,
general insensitivity to both solvent polarity and pH of the environment,
large cross-section for multiphoton excitation, lack of ionic charge, a

good solubility in organic solvents [7-19]. Yet another advantage of
BODIPY dyes is that it is possible to modulate their fluorescence wave-
length in the whole visible region by simple chemical modifications as
was, for example, demonstrated in Refs. [20-23]. In this respect BODIPY
dyes seem to be good candidates for deep-red light harvesting which can
be useful for organic photovoltaics. It is also known that BODIPY de-
rivatives are characterized by a very low-lying (dark) first excited triplet
state (T;) relative to the first excited singlet state (S;) that makes it
possible to observe the triplet-triplet annihilation (TTA) phenomenon
[24-26] and convert red/NIR quanta into UV-Vis light, being useful for
sensing applications.

The fact that BODIPY-based dyes usually are characterized by nar-
row fluorescence spectra [7-23] is especially important for their
implementation in the framework of red-green-blue (RGB) models for
sensor technologies. In this respect, a design that widens the small
Stokes shifts and decreases the n-n stacking interactions would open up
perspectives for utilization of BODIPY derivatives in high-contrast
OLEDs. In this work we have implemented the previously synthesized
series of 1,7-diphenyl-substituted BODIPY dyes (compound 1-4 in
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Fig. 1) with different substituents in a- and p-positions of the BODIPY
core and with fused one or two pyridine-2(1H)-one rings [20-23] into
multilayered OLEDs and photovoltaic heterostructures.

The studied BODIPY derivatives are characterized by acceptable
Stokes shifts (16-28 nm) and contain voluminous outer substituents that
prevent reabsorption and aggregation-induced quenching. As a result,
deep red OLEDs (electroluminescence maxima at 655 and 695 nm) with
narrow electroluminescence spectra, maximum brightness of 3900 Cd
m~2 and external quantum efficiency of 2.3% have been fabricated
which is at the same level as the current state of the art for the series of
BODIPY-based red/NIR OLEDs (EL maximum >650 nm) [4,27,28].

The photovoltaic cells fabricated in this work demonstrate a power
conversion efficiency (n) in the range 0.2-1.4% meaning that the
BODIPY derivatives can be used for light harvesting in the red region
(absorption maxima in the 520-660 nm range for the different studied
species). Our quantum-chemical calculations of electronic structure and
spectra of the studied BODIPY derivatives together with comprehensive
spectroscopic and electrochemical measurements support the funda-
mental understanding of the photophysical processes occurring at the
molecular level in these BODIPY-core materials both in solution and in
the solid state.

2. Experimental details
2.1. Cyclic voltammetry

Cyclic voltammetry (CV) measurements were carried out in the
classic three-electrode system in 0.1 M solution of Bu4sNPFg (TCI 98%) in
CH,Cl, (Sigma-Aldrich, Chromasolv for HPLC) as a supporting electro-
lyte. A Pt disc was used as working electrode, a Pt spiral as a counter
electrode, and a leak less Ag/AgCl (ET069, eDAQ) as a reference elec-
trode. The potential was calibrated versus a ferrocene/ferrocenium
redox couple.

Oxidation onset potentials (Eqx onset) and reduction onset potentials
(Ereq Onset) were estimated from intersections of tangents to the back-
ground and oxidation or reduction peak, respectively. The energies of
the highest occupied molecular orbital (Egomo) and of the lowest un-
occupied molecular orbital LUMO (Epymo) were estimated from the
equations Ejymo = — (Ereq onset + 5.1) (eV) and Eyopmo = — (Eox Onset +
5.1) (eV) [29]. The electrochemical band gap (Eg) was then easily esti-
mated as Eg = ELymo — Enomo-

2.2. Photovoltaic cells fabrication

A powder of [6,6]-Phenyl-Cg;-butyric acid methyl ester (PCBM),
glass/ITO substrates and Al wire were purchased from Sigma-Aldrich.
The regioregular poly(3-hexyltiophene) (P3HT) was purchased from
Ossila labeled as P3HT M101 with the following characteristics (My =
65500 and M, = 32000). Devices for the photovoltaic property

Fig. 1. BODIPY derivatives studied in the current work.
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investigations were fabricated with step-by-step procedure by the
thermal-vacuum deposition technique. Glass/ITO substrates were
washed consequently with distilled water, 2-propanol, NaOH in series
and dried in air atmosphere. The principal scheme of the fabricated
photovoltaic cells looks like this: ITO/PCBM(57 nm)/1-4(20 nm)/P3HT
(50 nm)/MoO3(8 nm)/Al(100 nm). The thickness of the films was
controlled and determined using a profilometer (Dektak XT, Bruker).
The photovoltaic characteristics of the fabricated cells were measured
using the semiconductor parameter analyser HP4145A and the ABET
technologies Solar simulator (for the standard AM 1.5G solar spectrum,
the total available power is 982 W/m?). The absorption spectra of the
dyes 1-4 in the DCM solution and in the solid film were recorded on
PerkinElmer Lambda 35 spectrometer. The photoluminescence spectra
(PL) and corresponding quantum yields (PLQY) measured for the DCM
solutions and thin films deposited on quartz plates were recorded with
an Edinburgh Instruments FLS980 spectrometer using a low repetition
rate mF920H Xenon Flash lamp as the excitation source at room tem-
perature (excitation wavelength Aex = Aabs)-

2.3. Organic light emitting diodes fabrication

The electroluminescent devices were fabricated by means of thermal
vacuum evaporation of the organic compound and metal electrodes onto
pre-cleaned ITO coated glass substrates with a base pressure below 107>
Torr. The devices A and B were fabricated through step-by-step depo-
sition of different organic layers and metal electrodes. Cul was used as
hole-injection layer [30] and TPBi (2,2/,2"-(1,3,5-benzinetriyl)-tris
(1-phenyl-1-H-benzimidazole)) and Bphen (4,7-Diphenyl-1,10-phenan-
throline) — as an electron-transporting layer [31,32]. The TCTA (tris
(4-carbazoyl-9-ylphenyl)amine) was implemented as a
hole-transporting layer additionally [33]. The 4,4’-bis(N-carbazolyl)-1,
1’-biphenyl CBP was used as host for compounds 2 and 3 upon the
fabrication of devices C and D by means thermal vacuum co-deposition
[34] (dopant concentration 20%). Since Ca is highly reactive and cor-
rodes quickly in ambient atmosphere, a Ca layer coated by 200 nm
aluminium (Al) layer was used as cathode. Among the four studied
compounds 1-4, only materials 2 and 3 demonstrate stable electrolu-
minescence within the OLED devices. A principal scheme of the fabri-
cated OLEDs can be presented as follows:

A: ITO/Cul (10 nm)/TCTA (30 nm)/2(45 nm)/TPBi (15 nm)/Ca (30
nm)/Al (200 nm);

B: ITO/Cul (10 nm)/TCTA (30 nm)/3(45 nm)/TPBi (15 nm)/Ca (30
nm)/Al (200 nm);

C: ITO/Cul (10 nm)/CBP:2 (60 nm)/Bphen (30 nm)/Ca (30 nm)/Al
(200 nm);

D: ITO/Cul (10 nm)/CBP:3 (60 nm)/Bphen (30 nm)/Ca (30 nm)/Al
(200 nm).

The active area of the prepared devices was 2 x 3 mm?. The current
density-voltage and luminance-voltage dependences were recorded
using the semiconductor parameter analyser HP4145A. Measurement of
brightness was carried out using a calibrated photodiode. Electrolumi-
nescence (EL) spectra were recorded with the Ocean Optics USB2000
spectrometer.

3. Computational details

The structures of the BODIPY-core derivatives 1-4 were optimized at
the B3LYP/6-31G(d) [35-37] level of density functional theory (DFT).
With the same method the normal frequencies were calculated by the
gradient approach to determine the true minimum of the total energy.
All the vibrational mode frequencies were found to be real, which in-
dicates true energy minimum locations. The frontier molecular orbitals
(MOs) were mapped from single point energy calculations (iso-density
surface values were fixed at 0.03 a.u.). The electronic excited state



K. Ivaniuk et al.

properties for the studied molecules (vertical absorption and fluores-
cence spectra) were calculated by the time-dependent (TD) DFT method
[38] using the same B3LYP functional and 6-31G(d) basis set. The sol-
vent effect on the electronic excited states energies was taken into ac-
count using the polarized-continuum model (PCM) [39] with the
dichloromethane (DCM, ¢ = 2.37) as a model solvent. All the calcula-
tions were carried out using the Gaussian 16 software [40].

4. Results and discussion
4.1. Electrochemical properties

Electrochemical measurements of compounds 1-4 were performed
in order to accurately estimate the energies of their HOMO and LUMO
levels required for the correct choice of supporting materials upon
fabrication of the OLEDs and OPV cells. The final results are summarized
in Table 1. One can see from this table that the theoretically estimated
energies of HOMO and LUMO levels correlate well with the experi-
mental CV measurements. Typically, calculated HOMO energies agree
well with the experimental values (deviation is within 0.4 eV), while the
computed LUMO energies (and thus Eg values) are significantly over-
estimated relative to the CV data which is a known limitation of the DFT
approximation in respect to the unoccupied molecular orbitals [29,41].
The shapes of the frontier molecular orbitals are presented in Fig. 2. Both
HOMO and LUMO wave functions are of n-symmetry (relative to the
BODIPY core plane). One important observation is that the
bonding-antibonding character for particular chemical bonds inside the
BODIPY chromophore core does not change moving from HOMO to
LUMO. It means that upon the electronic transition of HOMO-LUMO
configuration the structure of the excited state molecules 1-4 should
not change considerably. It also means that potential energy surfaces for
the ground and excited electronic state of the HOMO-LUMO configu-
ration are only a little shifted which is in line with the small experi-
mentally observed Stokes shift between the 0-O absorption and
fluorescence maxima.

Fig. 3a represents the cyclic voltammograms (CVs) recorded during
reduction of the studied compounds. All CVs for compounds 1-4 reveal
quasi-reversible reduction peaks. The shift of reduction potential is
observed in the series of compounds. Particularly, compound 4 un-
dergoes reduction at the potential Eeq onset of 0.67 V which corresponds
to Epymo of 4.21 eV implying a strong electron-acceptor character for
compound 4. It is the result of the presence of two amide groups which
are known to be electron-deficient groups [41]. The Ered onset potential
and corresponding E;yyo value for compound 2 are located between
those for compounds 1 and 3 which is due to the presence of only one
amide group. Similar values of Ereq onset and Ejynmo were recorded for
compound 3. The shift of Ereq onset from compound 3 to compound 1 is
related to the presence of additional phenylenevinylene groups which
effectively increase conjugation owning to the resonance effect [41].

Fig. 3b represents CVs recorded during oxidation of the studied
compounds 1-4. The oxidation of the studied compounds was observed
to be irreversible. Such behaviour is very similar to some other reported

Table 1
Electrochemical properties of compounds 1-4 measured by CV method in
comparison with the quantum-chemical calculations results (in parentheses).

Compound  Eox onsets Ered onsets Enowmo, eV Erumo, eV Eg, eV
\Y \%

1 1.06 -1.14 —6.16 —3.96 2.20
(—5.95) (-3.01) (2.94)

2 0.81 -1.01 —5.91 —4.09 1.82
(—5.58) (-3.10) (2.48)

3 0.71 —-1.01 —5.81 —4.09 1.72
(—5.38) (-3.13) (2.26)

4 0.67 —0.89 -5.77 —4.21 1.56
(-5.37) (-3.19) (2.18)
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BODIPY-based compounds [42]. The incorporation of amide groups
shifts Eox onset to lower potentials relative to the compound 1. The similar
effect was observed for compound 3 due to the effect of phenyl-
enevinylene groups.

The analysis of the electrochemical results indicates that incorpo-
ration of amide groups as well as phenylenevinylene groups has a strong
influence on the electronic properties of the BODIPY derivatives due to
inductive and mesomeric effects. Actually, inclusion of amide and
phenylenevinylene into the initial BODIPY derivative 1 leads to LUMO
stabilization (Epymo decreases) and HOMO destabilization (Egomo in-
creases) which finally leads to energy band gap narrowing.

4.2. Photovoltaic cells performance

Considering that the studied BODIPY-core derivatives exhibit a
strong absorption in the visible region (>500 nm) (Fig. 4a) and variable
redox chemistry, we conceived the usage of these compounds as light
harvesting materials in photovoltaic heterostructures. Actually, com-
pounds 1-4 demonstrate low lying LUMO levels (Table 1), making them
electronically suitable as acceptors for many electron-donor materials in
bulk heterojunction solar cells [43,44]. In the current study the P3HT
material was used as the donor material [45,46]. This material also plays
the hole-transporting layer (HTL) function after the exciton dissociation
[43].

The PCBM material was used as an electron transport layer (ETL).
Together with the ETL function the PCBM material shows itself addi-
tional light harvesting in the region 300-550 nm [47]. The best OPV cell
based on compound 2 demonstrates an overall performance () about
1.36% (Table 2) that is comparable with similar devices based on
BODIPY dyes and related acceptor species [5,43,48,49]. The main
photovoltaic parameters for the fabricated solar cells are also presented
in Table 2, where J is the short circuit current density, V. is the open
circuit voltage, and Ij,x and Vix are current and voltage at maximum
power point Py, FF is the fill factor and n is the power conversion
efficiency.

One can see from Fig. 4b that the absorption spectrum of compound
1 is significantly blue-shifted comparing to the absorption spectrum
measured for diluted DCM solutions (Fig. 4a). It is caused by the strong
H-aggregation of compound 1 due to the formation of plane-to-plane
stacking dimers [50-52]. Inclusion of the 1-butylpyridine-2(1H)-one
groups and phenylenevinylene groups (in a-positions of compound 3)
prevents aggregation in the solid state and the corresponding absorption
spectra for compounds 2-4 are similar (just slightly broadened) to that
measured in DCM solutions. The performance of the OPV cells gradually
decreases in the row 2>3>4 (Table 2) which is caused by the increase of
the barrier for electron injection at the interface with PCBM, respec-
tively (LUMO level of PCBM lies at —3.7 eV, [47]).

The standalone compound 1 demonstrates the best consistence of
HOMO and LUMO levels with the P3HT and PCBM adjacent layers
(Table 1), but with the absence of a tandem coabsorption effect with the
PCBM material the light harvesting becomes insufficient in the yellow-
red region of the visible spectrum and thus the overall performance of
the OPV cell becomes quite small (0.6%, Table 2).

4.3. Computational insight into the photophysics of BODIPY derivatives

In order to investigate the photophysical behaviour of the studied
BODIPY-core derivatives 1-4, quantum-chemical TD DFT calculations
of the vertical absorption and fluorescence spectra have been performed.
As can be seen form Table 3 all the studied compounds demonstrate high
intensities for both Sy—S; and S;—S vertical electronic transitions in
excellent agreement with the high molar absorption coefficients and
fluorescence quantum yields observed experimentally.

The small differences between the vertical and adiabatic energies of
fluorescent S;—Sy transitions (20-30 nm) imply that the shift of the S;
excited state potential energy hypersurface relative to the ground
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electronic state is insignificant, which is a well known phenomenon for
numerous rigid BODIPY derivatives [20-23]. At the same time, the
Stokes shifts calculated as the difference between the energies of the
vertical Syp—S; and S;—S¢ transitions are significantly overestimated
relative to the experimental values. This is because of the energies of the
So—$S; transitions are considerably overestimated relative to the
experimental data, while the energies of the S;—Sy transitions are
oppositely slightly underestimated. This limitation of the TD DFT
approximation in respect to BODIPY-core derivatives is well known in
the literature. Particularly, Valiev et al. have shown [52,53] that the
low-lying S;, Ty and T, states of the related BODIPY-core systems
contain a substantial contribution of double excitation configurations.
Multireference methods (like XMCQDPT2 [52]) therefor give the better
quantitative agreement between the experimental and theoretical elec-
tronic spectra, but at the same time such multireference approaches are
computationally much more expensive. Despite this limitation of the TD
DFT approach it demonstrates a good linear correlation with experiment
and thus can be used to predict the nature of excited states and energies
if the latter are corrected empirically [54].

Considering the low-lying positions of the T; state for all studied
compounds 1-4 one can confirm the possible ability of these compounds
to exhibit the triplet-triplet annihilation phenomenon [55] observed for
some related BODIPY-core derivatives. Extremely small T; energies
(around 1 eV) make these compounds promising for the singlet oxygen
sensitization by energy transfer to oxygen from the triplet exited state of
the photosensitizer molecule (BODIPY derivative in our case) [25,
56-59].
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4.4. OLED characterization

Accounting for the suppressed aggregation of the studied dyes in the
solid state and the acceptable Stokes shifts that prevent light reabsorp-
tion and fluorescence self-quenching these materials have been chosen
as emissive layers for the fabrication of organic light-emitting devices.
Accounting for the PLQY values in a solid film (1-5%, 2-7%, 3-9%, 4 -
2%) and position of the LUMO and HOMO levels we have fabricated
OLEDs based on compounds 2 (devices A, C) and 3 (devices B, D). At the
same time, compounds 1 and 4 do not demonstrate a stable electrolu-
minescence within OLED devices. At first, we have tested compounds 2
and 3 as fluorescence emitters in undoped OLEDs (devices A and B).
These OLEDs have been than optimized by using CBP as the host ma-
terial that is suitable for exciton confinement with BODIPY guests 2 and
3 (devices C and D, respectively).

All fabricated OLEDs are characterized by narrow electrolumines-
cence (EL) spectra that is very useful for many applications (like sensi-
tive sensors and co-emitters in multilayered OLEDs). The devices A and
C are characterized by pure red emission with EL maximum at 655 nm
and full width at half maximum (FWHM) equal to only 45 nm, while
devices B and D sustain deeper red emission (EL maximum at 695 nm)
and slightly broader EL spectra (FWHM about 60 nm). The EL spectra
are stable at different applied voltages (Fig. S5). Comparing the photo-
luminescence spectra of compounds 2 and 3 in the solid state (Fig. 5)
with the corresponding EL spectra of OLEDs, we can see that the latter
are even narrower than the PL curves. Most likely this is due to the
enhanced molecular rigidity of compounds 2 and 3 within the thin
thermovacuum deposited layers in device A that suppresses the fluo-
rescence vibronic progression, well observed in the PL spectra of
solution-processed thin solid films (blue lines in Fig. 5) and in the
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Fig. 4. The absorption spectra of compounds measured in DCM (a) and in the solid film (b). Schematic energy diagram of fabricated OPV cells (c). Short circuit
current density (Js.) vs. open circuit voltage (V,.) dependences for the fabricated OPV cells (d).

Table 2

Average values of photovoltaic parameters and standard deviations estimated
for the 3 fabricated bulk heterojunction in parallel based on every BODIPY de-
rivative 1-4.

Compound 1 2 3 4

Isc, pA —29.713 + —87.203 + —83.752 + —1.501 +
0.079 0.088 0.073 0.065

Voo, mV 500 + 8 449 + 8 305+ 5 660 + 7

Tmax> HA —13.834 + —41.440 + —37.782 + —0.780 +
0.035 0.040 0.038 0.021

Vmax, mV 250 + 4 197 £ 3 155+ 9 155 + 8

FF 0.230 +0.004  0.208 + 0.005  0.230 &+ 0.009  0.122 +

0.005
n, % 0.60 + 0.03 1.36 + 0.04 1.00 + 0.07 0.20 + 0.04

luminescence spectra measured in diluted DCM solutions.

The additional PL band around 525 nm (Fig. 5c¢ and d) most likely
corresponds to emission from aggregates of the studied dyes that are
formed in the solid film. In the absorption spectra measured in the solid
film (Fig. 4b), a band around 450 nm is observed for compounds 2 and 3
that is most probably corresponding to these aggregates. At the same
time in the EL spectra of doped and undoped devices the emission band
around 450 nm is clearly absent, meaning that aggregates are not
formed in the mixed host-guest film neither are dimer-localized excitons
formed upon applied bias. It seems that in the neat solid state film the
BODIPY dyes are partially aggregated (only partially, because the main
band is still not-shifted and most intensive) and these aggregates
demonstrate a blue-shifted absorption and emission (H-type aggre-
gates). Also, it is clear that the less branched compound 3 (Fig. 1)
demonstrates the clearer visible PL band at 525 nm while the more

Table 3
Photophysical constants for compounds 1-4 calculated at the TD DFT level of
theory in comparison with experimental data.

Aabs, N (e, hem, DM Agps(vert.), hem Evert(T1), Av,
M lem™1)? (®p)? nm (vert.), nm nm
nm
1 519 (122000) 535 461 [0.832] 553 775 92
(0.98) [0.829] 16)*
2 586 (95000) 614 461 [0.882] 600 964 92
(0.73) [0.946] (28)*
3 633 (93000) 658 461 [1.080] 692 1090 104
(0.69) [1.220] (25)*
4 658 (126000) 683 461 [1.020] 681 1158 104
(0.74) [1.120] (25)*

Oscillator strengths for corresponding vertical electronic transitions are pre-
sented in brackets.
Av corresponds to the Stokes shift value.

# Measured experimentally in DCM solutions [20-23].

branched compound 2 demonstrates only a weak PL shoulder at 525 nm.

The lighting characteristics of the fabricated devices are presented in
Fig. 6 and also are summarized in Table 4. One can conclude from these
data that the designed OLEDs demonstrate stable luminance perfor-
mance in a wide range of current density regimes implying that the used
BODIPY derivatives are stable with respect to the applied bias. Undoped
devices A and B are characterized by a high turn-on voltage, however,
the optimized (doped) devices B and D expectedly demonstrate a
decrease of turn on voltage (Table 4). Additionally, the usage of CBP as a
host increases the external quantum efficiency and brightness of the
doped devices C and D relative to the undoped ones (Fig. 6, Table 4). The
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Table 4
Lightning characteristics of OLEDs A-D.
Device  Vo,"at10  Brightness at Current EQE,” CIE 1931,
cdm2 v 15 V/max., efficiency, % x, y)
Cd/m? Cd/A
at 100/1000 Cd m 2
A 6.6 1900/1900 0.45/0.47 1.3/ (0.55,0.28)
1.3
B 9.0 700/3900 0.7/1.0 1.0/ (0.42,0.28)
1.5
C 6.2 2200/2200 0.7/0.6 2.0/ (0.55, 0.28)
1.9
D 5.2 3800/3800 1.49/1.55 2.2/ (0.42,0.28)
2.3

# EQE - external quantum efficiency, %; Vo, — turn on voltage of OLED.

EQE roll-off for all these devices is insignificant, probably because of the
balanced charge capture ability in the emissive layer. However, the main
advantage of the fabricated devices refers to the narrow electrolumi-
nescence spectra and pure red colour CIE coordinates, which is useful for
RGB scheme applications and sensitive optical sensors.

5. Conclusions

In the present paper we have studied a series of BODIPY dyes func-
tionalized by different substituents in the a/p-positions with condensed
pyridine-2(1H)-one groups as light harvesting and emissive materials for
bulk heterojunction solar cells and organic light-emitting diodes,
respectively. The fabricated photovoltaic cells demonstrate a clear
dependence between the energies of the HOMO/LUMO levels of the
BODIPY light absorbers and the overall device performance due to the
increase of the energy barriers at the interface between the dye and the
electron transporting PCBM material. A similar “orbital” effect was also
observed for the prepared OLEDs - the very low energy of the LUMO
level of the BODIPY derivatives causes a complicated electron injection
into the emissive layer. Despite such limitations, the best fabricated
photovoltaic device based on the BODIPY dye 2 demonstrates a per-
formance of about 1.36% which is among the best results for related
bulk heterojunction solar cells based on various BODIPY derivatives.

Doped and undoped deep red OLEDs with narrow electrolumines-
cence spectra (full width at half maximum up to 45 nm) were fabricated
in this work. The best doped device demonstrates a maximum brightness
of 3900 cd m~2 and an external quantum efficiency of 2.3%, being also
at the same level as the previously published fluorescence analogues.
Theoretical calculations of the first triplet excited state energies predict
a low-lying position of this state (around 1 eV) that could be useful for
inducing singlet oxygen sensitization and triplet-triplet annihilation
processes.
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