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A B S T R A C T

Two new metal-free photosensitizers of Bodipy-carbazole derivatives, Phenyl-Bodipy-Carbazole (BC) and Carbazole-
Bodipy-Carbazole (CBC), were synthesized. The transient absorption spectroscopy and the density functional theory
calculations verify that the triplet Bodipy unit is produced in the dyads via an intramolecular charge transfer in the
Franck-Condon excitation. Moreover, an apparent dependence on the solvent polarity was observed for these triplet
states lifetimes, e.g. 9.6 and 118.2 μs in cyclohexane, while, 204.7 and 464.7 μs in dichloroethane for BC and CBC,
respectively, as well as the triplet state quantum yields. With the increase of solvent polarity, the prolonged lifetime
and the decreased quantum yield of the triplet BC and CBC convince us the charge-transfer mechanism for ISC
process. In addition, the photo-oxidation rate constants of 1,5-dihydroxynaphthalene with these triplet photo-
sensitizers are determined to be 1.11 × 10−3 min-1 and 2.54 × 10−3 min-1 for BC and CBC, respectively.

1. Introduction

Triplet photosensitizers have been extensively applied in many fields,
such as photocatalysis organic reactions [1–4], photodynamic therapy [5,6],
and triplet-triplet annihilation upconversion [7–9]. During the past decades,
many types of triplet photosensitizers were developed, however, most of
which were the transition metal complexes, such as, Ru(bpy)3Cl2 [10], Pt(II)
porphyrin [11–13], Pd(II) porphyrin [14,15], cyclometalated Ir(III) [16]
and Os(II) 110-Phenanthroline [17,18]. It is easily comprehended that the
heavy-metal-atom effect can facilitate intersystem crossing (ISC) to yield the
corresponding triplet state upon photoexcitation [19]. However, con-
sidering their disadvantages of expensive costs and usually weak absorption
in the visible range [20], developing cheap and environmentally friendly
metal-free photosensitizers is still ongoing.

In past decades, some organic triplet photosensitizers were synthesized
as the representative metal-free ones, with the highly efficient intersystem
crossing (ISC) and the strong absorption in the visible range, e.g. 2,3-bu-
tanedione and benzonphenone [21–23]. Briefly, they can be classified into
three families, i.e., one with the (n, π*) → (π, π*) transition, the second with
a small energy gap of S1/Tn states, and the fullerene derivatives like C60 and
C70 [7,24]. Very recently, Zhao et al., have reported a special ISC me-
chanism so-called the spin-orbit charge transfer enhanced ISC (SOCT-ISC)
[25,26]. This novel SOCT-ISC process occurs due to a twist angle between
the electron donor and receptor units in a dyad molecule [25]. Thus, it gives

us an additional motivation to clarify the role of electron transfer (or charge
transfer) in new synthesized triplet photosensitizers.

In this work, two new Bodipy (BDP) derivatives, Phenyl-Bodipy-
Carbazole (BC) and Carbazole-Bodipy-Carbazole (CBC), were designed
(Scheme 1) and synthesized. In these molecules, the BDP unit plays a
strong light-harvester role in the visible range, while the carbazole unit is
connected to BDP with a carbon-carbon triple bond, expanding the π-
conjugated structure. Although the similar molecular structures have been
reported [7,27], the photophysical properties of BC and CBC as triplet
photosensitizers are not studied. Herein, the steady-state and nanosecond
time-resolved transient absorption spectroscopy has been performed for
BC and CBC in different solvents to obtain their triplet lifetimes. With the
aid of density functional theory (DFT) calculations, the electrochemical
characterization reveals the charge transfer involved in Franck-Condon
excitation, which is believed as the crucial factor to improve ISC effi-
ciencies of BC and CBC. The solvent effect is further discussed in the title
systems, to provide more clues for this mechanism. Moreover, when using
them in photocatalytic oxidation of 1,5-dihydroxynaphthalene (DHN), the
kinetic measurements provide us the related reaction rates.

2. Experimental and computational sections

All the precursors of analytical reagent were purchased from
Aladdin Inc. and were directly used in experiments without any
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purification. BC and CBC were synthesized along the route and were
characterized with 1H NMR spectra as described in Fig. S1-S3 of ESI.
The mother liquors of the synthesized samples were prepared in toluene
with the concentration of 1 × 10−3 M, then were diluted to the con-
centration of 1 × 10-5 M in different solvents, such as cyclohexane,
toluene, dichloroethane, respectively, for spectroscopic measurements.

1H NMR spectra were measured with a 400 MHz spectrophotometer
(AVANCE III 400, Bruker), where CDCl3 was used as solvent and TMS
was the standard for which δ =0.00 ppm. High-resolution mass spectra
were measured with a spectrometer (GCT, Micromass UK). UV–vis ab-
sorption spectra were recorded in the wavelength range of 300–800 nm
with a spectrophotometer (UV-3600, Shimadzu). The steady-state
fluorescence emission was measured with a spectrophotometer (F-
4600, Shimadzu) in the range of 400–800 nm.

The nanosecond time-resolved transient absorption spectra were
measured with a home-built laser flash photolysis system [17,24]. The
second harmonic (532 nm) of a Q-Switched Nd: YAG laser (PRO-190,
Spectra Physics) was used as the excitation source (pulse duration 8 ns,
repetition rate of 10 Hz, pulse energy < 10 mJ/pulse). A 500 W Xenon
lamp (71PX5002) was used as the analyzing light, and passed through a
quartz cuvette (10 × 10 mm) perpendicularly with the pulsed laser. The
optical absorption path length was 10 mm. A monochromator (Omni-λ
5025) equipped with a photomultiplier (CR131, Hamamatsu) was used
to record the transient absorption spectra within a wavelength range of
300−800 nm. The typical spectral resolution was less than 1 nm. The
fluorescence quantum yield and the triplet quantum yield were calcu-
lated as indicated in ESI.

Cyclic voltammograms were recorded at room temperature after
purging with Ar for 30 min. A three-electrode electrolytic cell was used,

with 0.1 M tetrabutylammonium hexafluorophosphate (Bu4N[PF6]) as
the supporting electrolyte, a glassy carbon electrode as the working
electrode, and a platinum electrode as the counter electrode. A non-
aqueous Ag/AgNO3 (0.1 M in acetonitrile) reference electrode was
contained in a separate compartment connected to the solution via
semipermeable membrane. DCM was used as the solvent, scan-rate of
50 mV/s, and ferrocene was added as the internal reference.

In photocatalytic oxidation experiments, a 30 mL reagent bottle was
set on a magnetic stirrer, and a rectangular parallelepiped glass jar
containing 50 g/L sodium nitrite solution (filtering out ultraviolet light
having a short wavelength of 385 nm and long-wavelength infrared
light) was placed between a xenon lamp (300 W) and the reagent bottle.
A careful adjustment was done to ensure that the light source, glass jar
and reagent bottle are in a straight line, making the evenly distributed
light on the reagent bottle surface. The optical power density was kept
as 40 mW/cm2 by adjusting the relative distance. The mixed solvent of
dichloromethane/methanol (9:1, V/V) was added to the reagent bottle,
with 1,5-dihydroxynaphthalene (DHN) (1 × 10−4 M) and photo-
sensitizers (1 × 10-5 M). The UV–vis absorption spectra of the mixed
solutions were measured with the light on or off every seven minutes.
The production of Juglone as the oxidation product was detected by
measuring the increase of the absorption intensity at 427 nm [8].

Geometries of the compounds were optimized using density func-
tional theory (DFT) with B3LYP function and 6−31 G(d) basis set. The
vibrational frequency analyses were performed to verify the true
minima for the optimized structures. Then the spin density surfaces of
the dyads and the energy gaps between the ground state and the triplet
excited state were calculated at the same level of theory. The vertical
excitation energies were directly compared with the experimental ab-
sorption spectra, and the spectral assignments were obtained subse-
quently. The PCM model was applied to evaluate the solvent effect. All
these calculations were carried out with the Gaussian 09 W program
package [7,28].

3. Results and discussions

3.1. UV–vis absorption and fluorescence emission spectra

Fig. 1a and b shows the steady-state absorption spectra of BC and
CBC in different solvents with solid lines. In cyclohexane, BC has a
strong absorption peak at 553 nm (ε = 4.46 × 104 M−1 cm−1), while
CBC has an intense absorption centered at 599 nm (ε = 3.28 × 104

M−1 cm−1), both of which can be easily assigned to the 1ππ* states.
Compared to the BDP monomer which absorption peak is located at
517 nm [7], both BC and CBC show the red-shifts of 26 and 82 nm,
respectively. Evidently, the red-shifts are due to the expansion of π-
conjugated structure by the carbon-carbon triple bond connecting the
carbazole and BDP units. The reduction of the π-electron delocalization

Scheme 1. Molecular structures of Bodipy and its derivatives, i.e. BC, CBC, BDP
monomer, and diiodo-Bodipy (2I-BDP).

Fig. 1. The UV–vis absorption (solid lines) and fluorescence emission (dot lines) spectra (25 °C) of BC (a) and CBC (b) in cyclohexane, toluene, dichloroethane,
respectively, where the concentrations are 1 × 10−5 M.
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energy implies the electronic coupling between the carbazole and BDP
units. Moreover, as shown in Fig. 1a, a blue-shift of 5 nm exists for the
absorption peak of BC in dichloroethane in comparison with cyclo-
hexane, and the absorption intensity almost remains. The similar results
were observed for CBC with a blue-shift of 8 nm. Although the polarity
of solvents is well-known to be able to influence the excitation energy of
1ππ* state [29], it is not significant for the Franck-Condon excitation of
BC and CBC.

To our surprise, the fluorescence emission intensity of BC is dra-
matically decreased with the increase of solvent polarity as shown in
Fig. 1a. The fluorescence quantum yield (ΦF) is determined to be 16 %
in cyclohexane, but 2.3 % in dichloroethane, using the fluorescence of
2I-BDP as the standard (Φstd = 2.7 % in ACN). The calculation details
are described in the ESI. Meanwhile, the emission peak exhibits a red-
shift from 610 nm in cyclohexane to 630 nm in dichloroethane. A si-
milar solvent-polarity-dependent behavior was observed for CBC too, as
indicated in Fig. 1b and Table 1. From the red shift of the fluorescence
peak position, we can draw a conclusion that the molecular dipole
moment in the ground state (μg) is smaller than that of the excited state
(μe) [30]. In this case of μg < μe, the excited state is stabilized more
markedly, reducing the energy gap. Moreover, it is worth noting that
the fluorescence emission of the BDP monomer shows no dependence
on solvent polarity [26].

In order to achieve the reliable spectral assignments, the frontier
molecular orbitals and the corresponding excitation energies of BC and
CBC were calculated at the DFT level of theory. The oscillator strengths
(f) of the major Franck-Condon transitions were calculated as the same
level and to directly compare with the experimental spectra. Fig. 2
shows the calculated data of CBC as a representative, as well as the
comparisons of the experimental and calculated spectra of BC and CBC.

The optimized geometries of BC and CBC in the ground state were
summarized in the ESI. In both BDP derivatives, the BDP core and the
carbazole unit take a coplanar configuration, which is apparently dif-
ferent from the necessary twist geometry in SOCT-ISC process [25].
Thus, the SOCT-ISC mechanism is impossible for these two BDP deri-
vatives. Moreover, this skeleton planar geometry makes the electronic
coupling of the BDP and carbazole units feasible to occur, which can be
verified by the red-shift of the absorption peaks. Moreover, as shown in
Fig. 2a, the highest occupied molecular orbital (HOMO) of BC and CBC
is contributed by both the BDP and carbazole units, while the lowest
unoccupied molecular orbital (LUMO) is mainly located only at the BDP
unit. Therefore, the intramolecular charge transfer inevitably occurs
during the Franck-Condon excitation. In addition, as indicated in
Fig. 2b and c, the calculated excitation energies of the Franck-Condon
transitions for BC and CBC are generally consistent with their absorp-
tion spectra. CBC shows a slight red shift in the transition of HOMO →

LUMO compared to BC indeed. Of special interests is that the spin
density of the lowest triplet state (T1) is localized at the BDP and partial
carbazole units in BC and CBC (Fig. S7). Thus, the triplet state in the BC
and CBC dyads might be produced via the intramolecular charge
transfer and recombination.

3.2. Cyclic voltammogram

To evaluate the possibility of intermolecular charge transfer in
Bodipy derivatives, cyclic voltammograms (CVs) were applied to obtain
their redox potentials. Fig. 3 shows the recorded cyclic voltammograms
of BDP monomer and BC. For BDP monomer, a reversible oxidation
wave at +1.12 V and a reversible reduction wave at -1.14 V were ob-
served, which are basically consistent with the reported data [26].
However, only one reversible oxidation wave was observed at +0.93 V
for BC, while the oxidation wave of carbazole unit did not exist in
Fig. 3. This evidently indicates a strong coupling between the carbazole
and BDP units in the BC dyad due to being connected by a carbon-
carbon triple bond, which is also consistent with the above conclusion
of absorption spectroscopy. Moreover, the reduction wave of BC was
located at -1.22 V. Such a small change from that of BDP implies that
the charge density in the ground state is mainly distributed in both the
BDP and carbzole units, while the charge density in the excited state is
only distributed in the BDP unit. Thus, an intramolecular charge
transfer could feasibly occur from the carbazole unit to the BDP moiety
during the Franck-Condon excitation.

3.3. Nanosecond transient absorption spectra

Fig. 4a-c show the nanosecond transient absorption spectra of BC in
the deoxygenated cyclohexane, toluene, and dichloroethane, respec-
tively. Upon the photoexcitation at 532 nm, the strong ground-state
bleaching (GSB) signal at 561 nm is observed for BC in cyclohexane, as
well as two weak absorption bands in 400–480 nm and 650–800 nm
(Fig. 4a). These absorption peaks disappear in the air-saturated solu-
tions (Fig. S4), indicating that these transient absorptions are con-
tributed by triplet excited states. Compared with the reported data of
BDP monomer [31], these peaks belong to the characteristic transient
absorptions of the triplet BDP. The similar transient absorption spectra
are observed in toluene and dichloroethane solvents (in Fig. 4b and c).
Therefore, the triplet BDP unit is produced in BC dyad due to ISC with
photoexcitation at 532 nm, which is greatly consistent with the calcu-
lated spin density distributions. In addition, although the peak positions
do not show visible changes, the absorption intensities are highly de-
pendent on the solvent polarity, i.e. the peak intensity is reduced with
the increase of solvent polarity.

Table 1
Photophysical properties of BC and CBCa.

Sample Solventb λabs
c εd λem

e ΦF
f ΦT

g Φ△
h τT

i

BC Cyclohexane (2.05) 553 4.46 610 16.0 4.5 2.7 9.6
Toluene (2.24) 553 4.29 618 11.0 3.9 3.8 75.6
Dichloroethane (10.5) 552 4.30 630 2.3 1.8 2.1 204.7

CBC Cyclohexane (2.05) 599 3.28 637 18.4 9.1 6.9 118.2
Toluene (2.24) 598 3.12 645 14.0 7.9 8.2 175.7
Dichloroethane (10.5) 595 3.07 655 2.2 3.7 3.4 464.7

a c[photosensitizer] = 1.0 × 10−5 M.
b The values in parentheses are the dielectric constants of solvents.
c Absorption peak position, nm.
d Molar extinction coefficient at the maximal absorption, 104 M−1 cm−1.
e Fluorescence emission peak position, nm.
f Fluorescence quantum yield, 2I-BDP as the standard (ΦF = 2.7 % in ACN), %.
g Triplet state quantum yield, 2I-BDP as the standard (ΦT = 88 % in Toluene), %.
h The Quantum yield of singlet oxygen (1O2*), 2I-BDP as standard (Φ△ = 83 % in Toluene), %.
i Triplet lifetime, µs.
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Similar results were observed for CBC (Fig. 4d-4f), with a strong GSB
located at 600 nm. In addition, the transient absorption spectrum of the
BDP monomer was also measured as plotted in Fig. S5 of ESI, however,
no transient absorption band was clearly found, indicative of no pro-
duction of the triplet BDP monomer.

Through analyzing the depletion of GSB peak (Fig. 5), the triplet
state quantum yields (ΦT) can be calculated for BC and CBC in different
solvents as described in the ESI. As shown in Table 1, these ΦT values
are dramatically decreased with the solvent polarity, for instance, for
BC 4.5 % in cyclohexane, 3.9 % in toluene, and 1.8 % in di-
chloroethane. While the triplet quantum yields of CBC were determined
as 9.1 % in cyclohexane, 7.9 % in toluene, and 3.7 % in dichloroethane.
According to the previous conclusions of the SOCT-ISC mechanism
[25,32], the triplet state quantum yield is usually very low in nonpolar
solvents, while it increases in polar solvents. Our experimental results
are on the contrary, reminding us a different ISC mechanism for both
BC and CBC. Actually, our DFT calculations also confirm that the SOCT-

ISC mechanism is impossible in BC and CBC dyads due to their un-
suitable planar configurations. Instead, the intramolecular charge
transfer is feasible to occur when the photosensitizers are photoexcited,
as suggested by the spin density and frontier molecular orbital calcu-
lations. Thus, the triplet state in the BC and CBC dyads might be pro-
duced via the intramolecular charge transfer and recombination, in-
stead of direct ISC of the BDP unit. It is known that the ISC rate of the
BDP unit itself is increased with the solvent polarity [31]. Following the
direct ISC mechanism, the ΦT values of dyads should be increased with
the solvent polarity, which is obviously opposite to the present ex-
perimental conclusion. Hence, the intramolecular charge transfer and
recombination becomes the unique ISC mechanism for BC and CBC.
Owing to the larger dipole moment of the excited state compared with
that of the ground state, the charge separation state can be efficiently
stabilized in polar solvents to reduce the possibility of charge re-
combination. As a result, the ΦTs of the dyads decrease with the solvent
polarity, as indicated in Table 1. According to the ultrafast charge

Fig. 2. (a) Frontier molecular orbitals involved in the singlet and triplet excited states of CBC; (b) The experimental absorption spectra (solid lines) and the calculated
Franck-Condon transitions (sticks) of BC; (c) The experimental spectra and the calculated transitions of CBC. The calculations were performed at the B3LYP/6-31 G(d)
level using toluene as the solvent.
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separation and recombination, the absorption of these intermediates
did not be observed in our experiments, but the femtosecond time-re-
solved transient absorption spectroscopy can verify this mechanism in
experiment.

By fitting the decay kinetic curves in Fig. 5a, the lifetime of triplet
BC is determined to be 9.6 μs in cyclohexane, and it is markedly im-
proved to 204.7 μs in dichloroethane. In fact, similar to the S1 state, the
dipole moment (μT) of the triplet state is also larger than that of the
ground state (μg), resulting in that it can be significantly stabilized in
polarity solvents. Similar phenomena were observed for CBC (Fig. 5b).
As indicated in Table 1, the lifetime of triplet CBC increases from
118.2 μs in cyclohexane to 464.7 μs in dichloroethane. In summary, the
more efficient stabilization of triplet states in polar solvents prolongs
their lifetimes.

3.4. Photo-oxidation of DHN with BC and CBC as triplet photosensitizers

Based on the long lifetimes, the triplet photosensitizers can efficiently
sensitize 1O2 [33,34]. Some BDP-fullerene complexes as organic photo-
sensitizers were reported to sensitize oxygen [33,35] as the environ-
mental friendly and less biological toxic photosensitizers to replace those
containing heavy metal atoms [1,36]. Herein, these two new organic
photosensitizers, BC and CBC, were applied in photooxidation of DHN,
where the well-known product is juglone [8] as shown in Fig. 6a.

As previously reported [8,37,38], the concentration of juglone as the
oxidation product of DHN was usually determined by analyzing its
characteristic absorption intensity at 427 nm (ε = 3811 M−1 cm−1). The
quantum yield of juglone is determined by dividing its concentration
with the initial concentration of DHN. Although this peak is slightly
overlapped with the absorption of BC and CBC, the observed peak is
believed to be mainly contributed by juglone and DHN according to the
large different concentrations between them and photosensitizers. Fig. 6b
shows the time-dependent absorption spectra of DHN and CBC under
photoexcitation of visible light, as an example. With the delay of irra-
diation time, the consumption of DHN can be monitored by the reduction
of the absorption intensity at 301 nm (ε = 7664 M−1 cm−1), while the
absorption at 427 nm is significantly enhanced, indicative of the pro-
duction of juglone. Similar results were observed with BC as the triplet
photosensitizer (ESI, Fig. S11). For comparison, the time-dependent ab-
sorption spectrum of DHN under visible photoexcitation with the absence
of photosensitizers was also measured (Fig. S10), where the absorption
intensity at 301 nm as the absorption of DHN was almost unchanged.

In photo-oxidation of DHN using triplet photosensitizers, the reac-
tion rate kobs was determined by fitting the consumption of DHN over
the reaction time with the Eq. (1), using the pseudo first order reaction
approximation [1,37].

ln(Ct/C0) = ‒ kobs t (1)

Where C0 and Ct are the concentrations of DHN at the initial (t = 0) and
a certain time. Fig. 6c shows the dependent curves of ln(Ct/C0) vs t. As
listed in Table 2, the photoreaction rate constants, kobs, are determined
as 1.11 × 10−3 min-1 for BC and 2.54 × 10−3 min-1 for CBC, respec-
tively.

Fig. 3. Cyclic voltammograms of BDP monomer and BC in deaerated di-
chloroethane solution at 25 ℃, where ferrocene (Fc) and Ag/AgNO3 reference
electrodes were used, with 0.1 M Bu4NPF6 as the supporting electrolyte. The
scan rate was 50 mV/s.

Fig. 4. Nanosecond transient absorption spectra at 25℃ of BC (the upper curves) and CBC (the lower traces) in the deoxygenated cyclohexane (a,d), toluene (b,e),
and dichloroethane (c,f), respectively, where the concentration of photosensitizer is 2 × 10−5 M.
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As shown in photo-oxidation mechanism of DHN with triplet pho-
tosensitizers (Fig. 6a), the quantum yield of 1O2 is crucial to assess the
effects of photosensitizers. Thus, an additional experiment was per-
formed to accurately measure the quantum yield of 1O2 with 1,3-di-
phenylisobenzofuran (DBPF), which was widely used as the 1O2 sca-
venger. Photosensitizers, BC, CBC and 2I-BDP, were excited at 545 nm
in different solvents, where the 2I-BDP as the reference. As shown in
Fig. S8, the absorption of mix solution (photosensitizer and DBPF) at
414 nm is decreased with the extension of photoirradiation time, while
the blank reference (only DBPF) is almost unchanged (Fig. S9). The
quantum yields of 1O2 were determined to be 3.8 % for BC in toluene,
8.2 % for CBC in toluene (Table 1). After irradiation for 28 min at a
light power density of 40 mW cm−2, the yield of juglone produced by
photooxidation of DHN was 5.3 % for BC and 15.7 % for CBC. Appar-
ently, CBC is more efficient to sensitize 1O2 than BC, which is consistent
with their triplet state quantum yields (Table 1).

4. Conclusions

In summary, two new metal-free photosensitizers of BDP deriva-
tives, BC and CBC, were synthesized and applied for the photo-oxida-
tion of DHN. Both triplet BC and CBC are found to have the triplet BDP
unit, which are produced by the intramolecular charge transfer in the
Franck-Condon excitation. The triplet state quantum yields of BC and

Fig. 5. The decay kinetic curves (at 25℃) of the GSB peaks of BC (a) and CBC (b) in deoxygenated cyclohexane, toluene, and dichloroethane, where the concentration
of photosensitizer was 2 × 10−5 M.

Fig. 6. (a) The photo-oxidation mechanism of
DHN with triplet photosensitizers; (b) The
time-dependent absorption spectra (at 25℃) of
DHN (1 × 10−4 M) in CH2Cl2/MeOH (9:1, v/
v), with CBC as the triplet photosensitizer
(1 × 10-5 M) under light power density of
40 mW·cm-2; (c) The logarithmic plot of the Ct/
C0 ratio at 427 nm as a function of the irra-
diation time t.

Table 2
Photo-oxidation rate constants of DHN.

Photosensitizers kobs (10−3 min-1) ηa (%)

BC 1.11 5.3
CBC 2.54 15.7

a Yield of juglone produced by photooxidation of DHN, t =28 min, light
power density of 40 mW cm−2.
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CBC are determined to be 4.5 % and 9.1 % in cyclohexane, and decrease
to 1.8 % and 3.7 % in dichloroethane. Meanwhile, their triplet lifetimes
also show a dependence on the solvent polarity, e.g. 9.6 and 118.2 μs in
cyclohexane, while, 204.7 and 464.7 μs in dichloroethane for BC and
CBC, respectively. With the aid of DFT calculations, the dependent
behavior of photophysical properties of these triplet photosensitizers on
the solvent polarity is associated with the charge transfer and the sta-
bilization of polar solvent. Moreover, the photo-oxidation rate con-
stants of DHN with BC and CBC as triplet photosensitizers are de-
termined to be 1.11 × 10−3 min-1 and 2.54 × 10−3 min-1 for BC and
CBC, respectively.
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