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’ INTRODUCTION

We report the electrochemical, photophysical characterization
and electrogenerated chemiluminescence (ECL) of three deri-
vatives of borodipyrromethene (BODIPY) moieties.

4,40-Difluoro-4-bora-3a,4a-diaza-s-indacene is abbreviated as
BODIPY; Figure 1a shows the basic structure and numbering
scheme of the BODIPY framework. While most studies of
BODIPY dyes involve the 4,40 positions being fluorinated, non-
fluorinated BODIPY dyes can lead to a wider range of molecular
properties, depending on the nature of the 4,40-substituents.

After the first report by Treibs andKreuzer in 1968,1 BODIPY-
based compounds have increased in popularity because of their
excellent thermal and photochemical stabilities, high fluorescence
quantum yields, high absorbances, good solubilities, and chemical
robustness.2 Several derivatives of BODIPY have been developed
and studied, and the ability to tune their photophysical properties
has increased their potential applications as labels in biological
studies,3 organic light emitting diodes,4 laser dyes,5 light-
harvesters,6 and sensitizers for solar cells.7 The various types of
substituents attached to any of the available sites in BODIPY can
affect the emission wavelength, the redox potentials, and the
stability of the electrogenerated radical ions. Most studies of
BODIPY-based compounds have focused on their photophysical
properties.8 However, a number of functionalized BODIPY dyes

have been used for electrogenerated chemiluminescene (ECL)
generated by alternating the potential to generate radical anions
and cations that annihilate to form an emitting state. Electro-
chemical studies show that, in general, BODIPY dyes that are
unsubstituted in positions 2 and 6 tend to show irreversible
voltammetric waves for the oxidation, because of instability of
radical cations, leading to poor ECL behavior.9 Lack of substitu-
tions in the other positions, especially 8, leads to instability of the
radical anions. Therefore, tailoring the molecular structure via
appropriate substitutions on the BODIPY is a key factor in tuning
the electrochemical and photophysical properties. It is desirable in
ECL to have stable and long-lived radical ions with apparent high
PL quantum yield to obtain strong and bright ECL. Developing
such highly efficient and stable ECL emitters over a broad
spectrum of wavelength has been of interest for many years and
might find application as an ECL label for analytical purposes, for
example, for DNA determination and immunoassay.10

ECL is a type of luminescence that involves the generation of
oxidized and reduced species, often radical ions, at electrode
surfaces that undergo a fast electron transfer reaction to produce
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ABSTRACT: The electrochemistry, spectroscopy, and elec-
trogenerated chemiluminescence (ECL) of three BODIPY
derivatives, PB, MCPB, and DCPB, are investigated. Cyclic
voltammetry of all three derivatives shows at low scan rates
reversible reduction waves and less reversible oxidation waves
(consistent with lack of substitution in the 2 and 6 positions).
The three compounds are highly fluorescent in MeCN emit-
ting in the green to the red regions. All of the three compounds
produce intense ECL, strong enough to be seen with the naked
eye in a lighted room, but are not stable under continued
pulsing of potential because of instability of the radical cation, ultimately producing an insulating polymer layer on the electrode
surface. The ECL spectra are at essentially the same wavelengths as the photoluminescence (PL) spectra forMCPB and DCPB,
assigned as emission by the T- or ST-route. The ECL spectra of PB show four peaks at 516, 581, 663, and 752 nm. The peaks at
581, 663, and 752 nm are not present in the PL spectrum. The first ECL peak is attributed to the singlet excited state at essentially
the same wavelength as PL, while oligomers or other byproducts are probably responsible for the additional two ECL peaks
(581 and 663 nm) based on the results from bulk electrolysis and mass spectroscopy.
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an excited state.11,12 This radical ion annihilation reaction
sequence can be represented as

A � e� f A•þ ðformation of radical cationÞ ð1Þ

A þ e� f A•� ðformation of radical anionÞ ð2Þ

A•þ þ A•� f 1A� þ A

ðannihilation to form singlet excited stateÞ ð3Þ

1A� f A þ hν ðECL emissionÞ ð4Þ
This pathway is called S-route ECL or an “energy sufficient
system”, that is, the annihilation energy is sufficient to populate
the excited singlet state. Many ECL reactions of this type have
been studied and their mechanisms are well understood. If the
energy is not sufficient to populate the singlet state, triplet�
triplet annihilation can occur. This is called the T-route or an
“energy deficient system”.

A•þ þ A•� f 3A� þ A ðtriplet excited state formationÞ
ð5Þ

3A � þ 3A� f 1A� þ A ðtriplet�triplet annihilationÞ
ð6Þ

We show in this paper the electrochemistry, photophysics, and
ECL of a series of BODIPY derivatives. The electrochemical
reduction, oxidation, and radical ion annihilation of ECL of these
BODIPY derivatives are described below. Photophysical mea-
surements were carried out and a comparison of their ECL
spectra with PL is discussed.

’EXPERIMENTAL SECTION

Chemicals. PB, MCPB, and DCPB, whose structures are
shown in Figure 1b, were synthesized in two steps from 8-(4-
iodophenyl)-1,3,5,7-tetramethyl-4,4-difluoro-4-bora-3a,4a-diaza-
s-indacene.13 All three have 1,7 = Me, 2,6 = H, 4,40 = R1 =
CtCCH2OCH2CH2OCH3, and 8 = p-iodophenyl; the mol-
ecules of interest are PB (3,5 = Me),MCPB (3 = Me, 5 = R2),

and DCPB (3,5 = R2), where R2 is CHdCH-Ph-O-
(CH2CH2O)2CH3.. Anhydrous acetonitrile (MeCN, 99.93%)
was obtained from Aldrich (St. Louis, MO). Tetra-n-butylam-
monium hexafluorophosphate (TBAPF6) was obtained from
Fluka and used as received. All solutions were prepared in a He
atmosphere glovebox (Vacuum Atmospheres Corp. Hawthorne,
CA) and placed in an airtight cell for measurements completed
outside of the box.
Characterization. The electrochemical cell consisted of a Pt

wire counterelectrode (CE), an Ag wire quasi-reference elec-
trode (QRE) and a 2 mm diameter Pt disk inlaid in glass working
electrode (WE). All potentials were calibrated against an SCE by
the addition of ferrocene as an internal standard at the end of all
measurements, taking EoFc/Fc+ = 0.342 V vs SCE.14 The working
electrode was bent at a 90� angle (J-type electrode) so that the
electrode surface faced the detector in ECL experiments. Before
each experiment, the working electrode was polished on a felt pad
with 1, 0.3, and 0.05 μm alumina (Buehler, Ltd., Lake Bluff, IL)
and then sonicated in DI water and ethanol for 1 min each.
The electrode was rinsed with acetone, dried in the oven, and
transferred into the glovebox. Cyclic voltammograms were
obtained on a CH Instruments (Austin, TX)model 660 electro-
chemical workstation. Digital simulations of cyclic voltammo-
grams were performed using DigiSim 3.03 (Bioanalytical Sys-
tems, Inc., West Lafayette, IN).
UV�vis spectra were recorded with a Milton Roy Spectronic

3000 array spectrophotometer. Fluorescence spectra were col-
lected on a QuantaMaster spectrofluorometer (Photon Technol-
ogy International, Birmingham, NJ). For the ECL spectra, the
detector was a liquid nitrogen charge-coupled device (CCD)
camera (Princeton Instruments, SPEC-32). The camera was
cooled with liquid nitrogen between �100 and �120 �C, and
the spectral wavelengths were calibrated with a mercury lamp.
Faradaic current and ECL transients were simultaneously re-
corded by an Autolab electrochemical workstation (Eco Chemie,
The Netherlands) coupled with a photomultiplier tube (PMT,
Hammamatsu R4220p, Japan) held at�750Vwith a high-voltage
power supply (Kepco, Flushing, NY). ECL transients were
generated by pulsing the electrode 80 mV beyond the diffusion-
limited peak potentials for the oxidation and reduction peaks.
Bulk electrolysis was performed in a three-compartment cell

separated by fine porosity glass frits. The WE was a Pt mesh
electrode (surface area: 4.8 cm2), the CE was a Pt wire, and the RE
was an Ag/AgNO3 (0.1 M) electrode in MeCN with a porous
Vycor tip separator. The WE and RE were placed in the first
compartmentwith 4mLof 1mMPB and 0.1MTBAPF6 inMeCN.
A magnetic stirring bar was used to maintain uniform analyte
concentration in the solution. The second compartment and the
third compartment that held the CE contained 0.1 M TBAPF6 in
MeCN. The potential was controlled at Ep,red � 100 mV using the
Autolab electrochemical workstation. The solution was electrolyzed
until the current became constant and 99.5% of the original amount
was electrolyzed.

’RESULTS AND DISCUSSION

Electrochemistry. Cyclic voltammetry (CV) was used to
obtain information about the electrochemistry of the compounds,
to determine the stability of the radical ions in MeCN with 0.1 M
TBAPF6 and to estimate the energy of annihilation in ECL. All
three compounds show a nernstian one-electron reduction wave
and a less reversible one electron oxidation (Figure 2). The results

Figure 1. (a) Numbering scheme used for the BODIPY framework.
(b) Structures of BODIPY-based molecules: PB, MCPB, and DCPB.
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are summarized in Table 1. The CV of PB at scan rate, v, of
0.5 V/s showed a voltammetric half-wave potential E1/2 = 1.05 V
versus SCE and chemical irreversibility in the oxidation wave
suggesting a following reaction of the radical cation.With higher v,
for example, 1�20 V/s, the wave became reversible. The negative
scan showed a nernstian reduction wave at E1/2 =�1.29 V versus
SCE. The peak separation of ∼70 mV, slightly larger than the
expected value for nerstian behavior for one electron transfer
reversible peak separation, 59 mV, can be attributed to the high

uncompensated resistance (Ru ∼700 Ω). Although MCPB is
more blocked near the reactive 6 position compared to PB, the
oxidation was less chemically reversible at E1/2 = 0.81 V even as
v = 1 V/s. In this molecule, the 2-position is unblocked and perhaps
the substitution in the 5-position increases the positive charge
density at 2. Products of a possible oxidative polymerization have
not been identified, but some studies suggest that these byproducts
could be analogous to polypyrrole.15 The negative scan showed a
reversible reduction wave at E1/2 = �1.18 V versus SCE.
However, DCPB, the most highly blocked of the three,

showed chemically reversible, nernstian oxidation, and reduction
waves at E1/2 = 0.72 V and �1.05 V versus SCE, respectively, at
all v, indicating stability of the radical ions on the time scale of
the experiment. The bulky substituent groups on the 3 and 5
positions block the 2 and 6 positions preventing dimerization or
other reactions (e.g., deprotonation by trace base). Compared
with the other two compounds, DCPB is more easily oxidized
and reduced probably because the greater π-conjugation reduces
the HOMO�LUMO energy gap (estimated from the difference
in the first oxidation and reduction wave potentials). The peak
current ratio (ipa/ipc) of the reduction wave of the three
compounds was approximately unity, indicating the absence of
following chemical reactions and good stability of the radical
ions. Moreover, scan rate studies showed that the peak current of
the reduction wave was proportional to the square root of the
scan rate (v1/2; Supporting Information, Figure S1).
Digital simulation of cyclic voltammogram at different scan

rates helped to obtain information about possible mechanisms of
electrode reactions. The uncompensated resistance and capaci-
tance were obtained by performing a potential step in the system
at potentials where no faradaic reactions occur (0.4 V vs SCE).
Figures 3 and Supporting Information, Figure S2 show the
simulation of both oxidation and reduction of PB at different
scan rates from 50 mV/s to 20 V/s. The oxidation CVs could be
fit to an ErCr mechanism, a chemical reaction following an
electrochemical electron transfer, with a homogeneous forward
rate constant, kf = 2.7� 104 s�1, Keq = 410 and a heterogeneous
rate constant, k� = 0.07 cm/s. For the reduction of PB, an ErCr

mechanism is also followed, with a much slower homogeneous
forward reaction, kf = 0.1 s

�1, Keq = 10 with a heterogeneous rate
constant, k� = 0.036 cm/s. For the oxidation of MCPB, the
simulation showed an ErCr mechanism, with kf = 2 s

�1, Keq = 15,
and a heterogeneous rate constant, k� = 0.1 cm/s (Supporting
Information, Figure S3). However, both oxidation and reduction
ofDCPB and the reduction wave ofMCPB were nernstian at all
scan rates investigated (Supporting Information, Figures
S4�S6). Some information about the nature of the products of
the homogeneous following reactions, especially PB, was ob-
tained from bulk electrolysis experiments followed and mass
spectrometric examination of the solution and from the ECL
response. These are discussed in the section on bulk electrolysis.
Upon scanning to more extreme potentials in both the negative

and the positive directions, additional waves were observed
(Figure 4). In all cases they were chemically irreversible, showing
that the dianions and dications undergo very rapid following
reactions. Thus, the potentials at which second waves occur
(Table 1) are at less extreme potentials than their nernstian
(thermodynamic) standard potentials. Even with the rapid follow-
ing reactions, the spacing between the first and second waves is
large, 1 V for the reduction and 400 mV for oxidation. As shown
elsewhere,16 BODIPY compounds show anomalously large split-
ting compared to aromatic hydrocarbons17 and other heterocyclic

Figure 2. Cyclic voltammogram of 0.5 mM (a) PB, (b) MCPB, (c)
DCPB in MeCN with 0.1 M TBAPF6: WE, Pt disk; CE, Pt coil; RE, Ag
wire QRE. Scan rate was 0.5 V/s.

Table 1. Electrochemical Data

E1/2 (V vs SCE)

chemical A/A•� A/A•+

D

(cm2/s)

Eg
a

(eV)

EHOMO
b

(eV)

ELUMO
c

(eV)

PB �1.29 1.05 3 � 10�5 �2.34 �5.81 �3.47

MCPB �1.18 0.81 2 � 10�5 �1.99 �5.57 �3.58

DCPB �1.05 0.72 2 � 10�5 �1.77 �5.48 �3.71
a From the CV. bTheHOMO values are calculated based on the value of
�4.8 eV in vacuum for ferrocene. EHOMO = �Eox � 4.8 eV. c From the
reduction wave. ELUMO = Eg � EHOMO. Eg = Eox + Ered.
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compounds. The PB compound did not show clear second waves
on oxidation. The presence of oxidizable cinnamyl groups in
positions 3 and 5 causes additional peaks to appear because of
the oxidation of these substituents, before the second oxidation of
the BODIPY nucleus. Thus, the peak current ratio between the first
and the second oxidation wave ofMCPB is about 1, indicating the
only source of the secondary oxidation is the presence of one
cinnamyl group. However, the peak current ratio between the first
and the second oxidation wave ofDCPB is about 2, consistent with
the second oxidation wave being caused by two cinnamyl groups
that oxidize at essentially the same potential (i.e., no interaction
between the cinnamyl groups; Supporting Information, Figure S7).
Spectroscopy. Spectroscopic experiments were performed for

all of the compounds in the same solvent as that used for the
electrochemical measurements. The absorbance and photolumi-
nescence of these compounds are shown in Figure 5 and the data
are summarized in Table 2. The UV�vis spectra show sharp
absorption peaks at 497 nm (PB), 568 nm (MCPB), and 641 nm
(DCPB), with the shift to longer wavelengths confirming the

effects of increasing delocalization for the position 3 and 5
cinnamyl substituents. The PL spectra of these compounds feature
a single intense peak that is the mirror image of the absorbance
spectrum with λmax at 506 nm (PB), 579 nm (MCPB), and
655 nm (DCPB). The sharp absorption and fluorescence maxima
(20�30 nm), high extinction coefficients, and high fluorescence
quantum yields (>0.5) are features for BODIPY derivatives. The
addition of the oligo-oxyethylene chains and cinnamyl groups,
leads to shifts in the absorption and fluorescencemaxima to longer
wavelengths probably because of extension of π-conjugation, i.e.,
additional π-conjugation reduces the energy gap of lowest π to
π* transition. Each oligo-oxyethylene chain and cinnamyl group
cause a spectral shift in MeCN of ∼70 nm in the absorption and
∼73 nm in the fluorescence bands. This trend is also reflected in
the decreasing potential differences in the potentials of the first
oxidation and reduction waves.
As shown in Table 2, all three compounds show a relatively

small Stokes shift, consistent with molecular rigidity and little
reorganization on excitation and emission in these dyes. A gradual

Figure 3. Simulation of oxidation of 0.5 mM PB compared to experimental CVs. The simulation is corrected for resistance (700Ω) and capacitance
(100 μF): kf = 2.7 � 104, Keq = 410. Experimental (solid line), simulation (dotted line). k� = 0.07 cm/s, R = 0.5, D = 3 � 10�5 cm2/s.
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increase in the Stokes shift is generally observed with an increasing
extent of substitution owing to changes in the molecular structure
of compounds upon the excitation.18

Electrogenerated Chemiluminescence (ECL). Figure 6
shows the ECL spectra of the three BODIPY compounds inMeCN
with 0.1 M TBAPF6 during repeated pulsing (pulse width = 0.1 s)
between potentials where oxidized and reduced forms were alter-
nately produced (with a 3 min integration time). All compounds
produced ECL emission visible with the naked eye in a dark room.
Many BODIPY compounds show strong ECL emission because of
the good stability of the radical cations and anions in solution.9

However, the ECL intensity of the compounds, except for DCPB,
decreased to nondetectable levels after 6000 s of pulsing, while a film
forms on the surface of the working electrode. This is probably a
polymer formed by anodic electropolymerization, as found with
pyrroles and oligofluorenes.19 To confirm that the film on the
surface of the electrode blocks faradaic reactions, the cell was
returned to the glovebox. When the electrode was polished,
emission of ECL and electrochemistry were restored again with
repeated pulsing.
The ECL emission ofDCPB corresponded quite closely to the

PL spectrum. A small red shift in the ECL spectrum is probably
caused by an inner-filter effect because of the difference of

Figure 4. Cyclic voltammograms of 0.5 mM (a, b) PB, (c, d)MCPB, (e, f)DCPB in MeCNwith 0.1 M TBAPF6. WE: Pt disk, CE: Pt coil, RE: Ag wire
as a QRE. Scan rate was 0.2 V/s: (a, c, e) anodic scans; (b, d, f) cathodic scans.

Figure 5. Absorbance spectra (solid lines) and fluorescence spectra
(dashed lines) of BODIPY compounds, PB (black),MCPB (pink), and
DCPB (blue), in MeCN with 0.1 M TBAPF6. Emission spectra were
excited at the absorption maxima.

http://pubs.acs.org/action/showImage?doi=10.1021/jp201844s&iName=master.img-004.png&w=397&h=411
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solution concentration used in PL and ECL and by the difference
in slit width between the two instruments used for collection of
the spectra.20 PL spectra taken by the same CCD camera as for
ECL measurements and the same concentration as used for ECL
show similar PL wavelength emission in ECL spectra. Thus, in
both cases the light is emitted from the same electronically
excited state of DCPB. For MCPB, the PL spectrum was also
very close to the ECL, however the ECL showed a distinct longer
wavelength tail.
The ECL from PB showed multiple emission peaks at longer

wavelengths that are not present in the PL spectrum. The first
maximum (at 516 nm) was at the same position as the PL peak,
that is, emission from the parent singlet excited state. The longer
wavelength peaks (at 581, 663, and 752 nm) not seen in the PL
spectra are probably due to products from homogeneous reac-
tions of the electrogenerated radical ions, discussed further
below. Note that when peroxydisulfate (S2O8

2�) was used as a

coreactant to generate ECL only on reduction without preparing
radical cations, the longer wavelength peaks were not observed
(Figure 7). This suggests the products of the radical cation are
contributors, although long wavelength emission could also be
from an excimer formed more efficiently in ECL than in PL by
the radical ion annihilation. Excimer emission from some BOD-
IPY derivatives in the literature was typically observed between
650 and 670 nm.21,22 BODIPY derivatives in a rigid matrix show
phosphorescence emission at about 770 nm;23,24 it is unlikely
however that the ECL emission (at 752 nm) is from the triplet
state, which is quenched in the solution phase.
Bulk Electrolysis. Although the fluorescence spectrum of a

solution after extensive ECL cycling for 10 min did not show these
longer wavelengths and the PL was similar before and after ECL
measurements, it is unlikely that sufficient product was formed
during these experiments with a small electrode to produce enough
longwavelength emitting species in the bulk solution.However, after
reductive bulk coulometric electrolysis longer wavelength PL emis-
sion was observed. Bulk electrolysis was carried out as described in
the Experimental Section in MeCN with 1 mM PB and 0.1 M
TBAPF6 with current�time data recorded during the experiment.
The charge passed during 99.5% reduction electrolysis was 0.359 C,
which is 92.9% of theoretical charge for a one-electron process
(Supporting Information, Figure S8a). In addition, the i�t curve
(Supporting Information, Figure S8b) describing the bulk reduction
decayed to background in about 15 min. The radical anions
produced by the reductive bulk electrolysis were not stable under
exposure to oxygen.After a short period of bulk electrolysis at�2.2V
versus Ag/AgNO3 (MeCN), a deep purple solution was generated
from the initial light green colored solution. However, after standing
overnight, the solution turned slightly greenish purple. The solution
in the first compartment cell was gathered and the chemical
ionizationmass spectrum and fluorescence spectrumweremeasured
(Supporting Information, Figures S9 and S10).
Chemical ionization mass spectra (CI-MS) of the reduced

product of PB after bulk electrolysis were obtained to find
products of any reaction of the radical anion (Supporting
Information, Figure S9). In the mass spectrum of the reduced
solution, three dominant peaks were observed at m/z, 630,
1015.3, and 1789.6. The molecular mass of PB is 638.34 g/mol.
The m/z of 1789 can probably be attributed to a protonated
trimer form without one iodine atom. This trimer structure may
be generated to link through the 2 and 6 positions. The peak at an
m/z of 1015.3 corresponds to the dimer missing one iodine atom
and one 1-(2-methoxyethoxy) but-2-yl group. This could come
from fragmentation of the trimer. Moreover, the PL spectrum of
the reduced product of PB after bulk electrolysis showed a peak at
a similar longer wavelength as the second peak of the ECL
spectrum of PB (Supporting Information, Figure S10). While
further studies are needed to elucidate the chemistry of the radical
anion, these results suggest a slow loss of iodine followed by
following dimerization and trimerization reactions.

Table 2. Spectrosopic and ECL Data

chemical λmax(abs) (nm) λmax(PL) (nm) ΦPL
a λmax(ECL) (nm) ΦECL

b �ΔGann
c (eV) �ΔHann

d (eV) Es
e (eV)

PB 497 506 0.64 516, 581, 663, 752 0.04 2.34 2.24 2.45

MCPB 568 579 0.71 605 0.03 1.99 1.89 2.14

DCPB 641 655 0.28 674 ∼1 1.77 1.67 1.89
aΦPL is the relative PL compared to DPA.ΦPL, DPA = 0.91 in benzene.

bΦECL is the relative ECL compared to DPA.ΦECL, DPA = 1.
c�ΔGann = Epa

ox�
Epc

red. d�ΔHann = �ΔGann � 0.1. e ES = 1239.85/λmax
PL (nm).

Figure 6. ECL spectra of PB (black),MCPB (pink), andDCPB (blue)
by annihilationby stepping between theEp

red� 80mVand theEp
ox +80mV,

integration time: 3 min, slit width: 0.75 mm.

Figure 7. Normalized PL and ECL spectra of PB in MeCN. PL
spectrum (blue line, 1 μM PB); ECL spectrum by annihilation (red
line, 0.5 mM PB); and ECL spectrum generated with the coreactant
peroxydisulfate (green line, 0.5 mM PB with 5 mM peroxydisulfate).
ECL spectra were integrated 3 min using a 0.75 mm slit width.

http://pubs.acs.org/action/showImage?doi=10.1021/jp201844s&iName=master.img-006.jpg&w=160&h=118
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ECLMechanism and Efficiency.The enthalpy of annihilation
was estimated from the reversible standard potentials of the redox
couples with the equation,�ΔHann =�ΔG� TΔS = (E�A+/A�
E�A/A�)� 0.1 eV.11 This was compared to the energy needed to
produce the excited singlet state from the ground state,Es, to see if
the ECL reaction followed the S-route. The enthalpy of annihila-
tion for three BODIPY compounds calculated from the electro-
chemical data (shown in Table 2) is slightly smaller than the
singlet energy from the emission spectra, suggesting the ECL of
these BODIPY compounds involves the T-route. However, the
relatively intense ECL observed is more consistent with some
direct singlet formation, so an ST-route is a possibility.
To estimate the stability of the ECL and the radical ion species,

potential pulsing ECL transients were collected. When the
potential was stepped from the oxidation wave (Epa + 80 mV)
to the reduction wave (Epc� 80 mV), approximately equal ECL
intensities were observed on the anodic and cathodic pulses. For
example, DCBP showed symmetrical current pulses and equal
ECL emission transients, which show stable behavior with time
(Figure 8). Results for PB and MCPB are shown in Supporting
Information, Figure S11. The relative ECL quantum yields of
these BODIPY compounds are measured in comparison to a
widely investigated ECL emitter, 9,10-diphenylanthracene
(DPA). These results are given in Table 2. From these measure-
ments, ECL of DCPB is about as strong as DPA under similar
conditions.

’CONCLUSION

Three new BODIPY compounds were studied. Two of the
compounds, with the MCPB and DCPB, give chemically rever-
sible oxidation and reduction in their CV. These new highly
fluorescent BODIPY compounds are good candidates for ECL
and produce relatively strong ECL emission compared to DPA, a
known ECL standard. PB, the least sterically hindered, showed
multiple ECL peaks at longer wavelength that is ascribed to
instabilities of the PB radical ions. Both the more sterically
hindered MCPB and DCPB show good stability of the radical
cations, even though the 2 and 6 positions are unsubstituted,
probably because the bulky groups on positions 3, 4, and 5
provide some blocking.
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