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ABSTRACT
Although the photophysics of BODIPY compounds has been widely investigated in the last few years,
their analogue N-BODIPY compounds, with nitrogen substitution at the Boron center, did not receive
comparable attention. In this work we report about the systhesis and photochemical characteriza-
tion of a substituted N-BODIPY compound, by means of a combined theoretical and spectroscopic
approach. Compared to a standard BODIPY, the compound under investigation presents a lower flu-
orescence quantum yield (QY) in the visible region. The excited state relaxation dynamics of the
dye was studied in different solvents, showing further fluorescence quenching in polar solvents, and
a excited state decay rates strongly dependent on the environment polarity. The role of the pendant
moieties and the involvement of charge transfer states in the excited state dynamics was experimen-
tally addressed by transient absorption spectroscopy, and further analyzed with TD-DFT calculations,
which allowed precise assignment of the transient signals to the correspondent electronic configura-
tion. The complete picture of the N-BODIPY behavior shows the presence of both charge transfer
and localized states, influencing the observed photophysics to different amounts, depending on the
excitation conditions and the surrounding environment.

1. Introduction
Boron(III) dipyrromethene (BODIPY) compounds have

been largely reported in literature and employed in a variety
of applications thanks to their unique properties: chemical
robustness, thermal resistance, low photodegradation, good
solubility in organic solvents and penetration in cell mem-
branes, intense molar extinction coefficients and good fluo-
rescence quantum yields in the visible spectrum [1, 2, 3, 4].
In addition, a variety of BODIPY design and synthetic strate-
gies can be adopted to achieve the photopysical properties
required for a specific purpose [1, 2, 5, 6, 7].

Different pendant moieties can be linked to the BODIPY
core to optimize their performances as laser media, applica-
tion that requires a large Stokes shift to avoid self-quenching,
while maintaining a high degree of rigidity in the molecu-
lar structure to prevent photo-damage [8, 9, 10, 11, 12, 13].
Donor-acceptor systems can be realized to enhance resonance
energy transfer (RET) mechanisms for light-harvesting an-
tennas [14, 15, 16, 17, 18, 19] and photovoltaic cells [20, 21,
22, 23, 24, 25] applications. "Ad hoc" functionalization of
the BODIPY core can be applied to finely control absorp-
tion and emission bands, inducing shifts up to the near IR
region, which opens up the possibility to use these dyes as
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fluorescent probes for imaging in living cell. Finally, sev-
eral BODIPY compounds have been documented to show
reversible “on-off” photoinduced electron transfer (PET) ac-
tivity [26, 27, 28, 29] depending on the surrounding environ-
ment (pH and solvent polarity) [5, 30, 31, 32, 33, 34, 35, 36,
11, 37, 38] which makes these dyes suitable for detection
of metal-ions [39, 3] [40]. In the medical field BODIPYs
can be employed also as intracellular redox monitoring sys-
tems [2, 41, 42, 43, 44, 45] and activators for photodynamic
therapy [46, 47], by the introduction of the right substituents
during synthesis.

Most synthetic routes are focused on substitutions of the
indacene core at the meso position [48, 49, 50, 51, 52, 53],
while the functionalization of the boron atom is still lim-
ited to fluorine atoms (F-BODIPY [54]), alkoxy or aryloxy
moieties (O-BODIPY [55]) and alkyls or aryl moieties (C-
BODIPY [56]) [50, 51, 52, 53, 57, 58]. Only recently, C.
Ray et al. [59, 60] synthesized and characterized, in terms
of photochemical properties, a library of N-BODIPY chro-
mophores, paving the way for testing new pendant moieties
and extending the potential of this family of dyes. Depend-
ing on the chemical design, they observed different fluores-
cence properties, due to the predominance of either RET or
PET.

In this work we synthesize and characterize, by means of
stationary and ultrafast spectroscopic techniques, a N-BODIPY
dye, containing a para-nitrophenyl group in the meso posi-
tion and a diamino-boron substituent with two tosyl pendant
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Figure 1: Chemical structure of compound 1

moieties on the opposite side of the BODIPY core ((com-
pound 1, chemical structure in FIg. 1). A similar struc-
ture, lacking however of the meso nitrophenyl substituent,
has been already studied in reference[59]. Previous studies
on the parent compound lacking of the meso group, demon-
strated that the molecule is highly fluorescent in a variety of
solvents, and at the solid sate. On the contrary, our molecule
has a lower fluorescence quantum yield, that results almost
completely quenched in polar solvents. Ray et al. [59] sug-
gested that the presence of the diamono-boron appendant
could induce the stabilization of a charge transfer state, re-
sponsible for the fluorescence quenching. However, in the
particular case of the chromophore studied in this work, we
propose the formation of a charge transfer state involving
the nitrophenyl group, on the basis of a combination of ex-
perimental and theoretical analysis. Furthermore, we also
find that the excited state lifetime and fluorescence yield of
our chromophore depend on the excitation wavelengths, par-
tially violating the Kasha rule.

We interpret the experimental observations in terms of a
modulation of the energy of the frontier orbitals localized on
the different molecular moieties by the polarity of the sol-
vent, and rationalize the changes in the relaxation kinetics
observed under different excitation conditions on the basis
of the nature and energies of the higher excited states of the
molecule, as retrieved from TD-DFT computations.

2. Experimental methods
2.1. Synthesis procedure

The synthesis procedure is schematized in Fig. 2. A
25 ml round bottomed flask under nitrogen atmosphere was
charged with a solution of nitro-Bodipy (X) (52 mg, 0.141
mmol) in dichloromethane (DCM) (8 mL). a 1 M solution
of BCl3 in DCM (0.26 mL) was added, dropwise and un-
der stirring. A TLC control (1:1 DCM:Pet. Et.) showed a
spot at Rf = 0.37. After 1 h, dry triethylamine (0.16 mL,

Figure 2: Scheme of synthesis procedure of the N-BODIPY
compound.

1.1 mol) and N,N’-ditosyl-ethylendiamine (152.2 mg, 0.413
mmol) were added and the solution immediately turned into
a deeper red color. The reaction mixture was left under stir-
ring overnight and checked by TLC showing a spot at Rf= 0.10. The reaction mixture was filtered over a celite pad
and concentrated under vacuum. The crude reaction mixture
was purified by flash column chromatography (1:1 Pet. Et.
: AcOEt, Rf = 0.29) to obtain 19 mg of the final product
(yield 19 %). NMR results are described in SI.
2.2. Spectroscopic instrumentation

Linear spectroscopy. UV–Vis absorption and fluores-
cence spectra were recorded with a Perkin Elmer Lambda
950 UV–Vis spectrophotometer and a Perkin Elmer LS55
spectrofluorimeter, respectively. Fluorescence quantum yield
(QY) has been measured with a Jasco FP-8300, instrument
equipped with an integrating sphere ILF-835, which allows
the determination of the absolute quantum yield without the
need of an external standard. Measurements have been per-
formed using a quartz cell with 1 mm optical path. All the
analyzed solutions had an approximate absorption of 0.1 OD
at the excitation wavelength.
Ultrafast spectroscopy. The ultrafast spectroscopy setup used
in this work is based on a home-made Ti:sapphire laser oscil-
lator. The short pulses produced by the oscillator (70 fs) are
stretched and amplified at 1 kHz repetition rate by a regener-
ative amplifier (Amplitude Pulsar), pumped by a neodymium-
doped YLF (Nd3+ ∶ Y LF ) laser, frequency doubled intra-
cavity to emit at 523.5 nm. After compression, pulses cen-
tered around 800 nm, with a total average power of 450-500
mW and duration of 100 fs are obtained.

Excitation pulses at 500 nm are obtained by non linear
frequency mixing the signal output of a TOPAS apmplifier
(Traveling wave Optical Parametric Amplifier of Superflu-
orescence, Light Conversion) with a portion of the 800 nm
pump pulse in a BBO crystal. Pump pulses at 350 nm are
instead obtained generating the fourth harmonic of the sig-
nal produced by the TOPAS. The probe beam, consisting in a
white light continuum, is generated by focussing a portion of
the fundamental radiation at 800 nm in a 3mm thick Calcium
Fluoride plate. Pump and probe beams are focussed and
overlapped at the sample position. After passing through the
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sample, the pump beam is blocked, while the probe is sent
to the detector. Multichannel detection for transient spec-
troscopy is achieved by means of a flat field monochroma-
tor coupled with a home-made CCD detector. Pump-probe
delays are introduced by sending the probe beam through a
motorized stage. Measurements were carried out in a quartz
cell (2 mm optical path length) mounted on a movable stage
to avoid sample photo-degradation and photoaccumulation
of long-lived species. The transient spectra were recorded in
the spectral region between 350 and 750 nm. The recorded
kinetic traces and transient spectra have been analysed by
global-analysis [61]. The number of kinetic components has
been estimated by performing a preliminary singular values
decomposition (SVD) analysis [62]. Global analysis was
performed using theGLOTARANpackage (http://glotaran.org),
[63] using a unidirectional a sequential kinetic scheme.
2.3. Computational methods

A (TD)DFT strategy was used to compute and character-
ize the excited states of the N-BODIPY in n-hexane and ace-
tonitrile solvents. The N-BODIPY structure was optimized
at the B3LYP/6-31G(d) level of theory. Excited states were
computedwith the long-range corrected!B97X-D functional
[64, 65] and the 6-31+G(d) basis set. The chosen functional
reproduces the correct asymptotic 1∕R behaviour of long-
range charge-transfer excitations [66, 67, 68, 64], and gives
similar results to B3LYP for the first bright excitation of N-
BODIPY. Excited states were characterized by analyzing the
natural transition orbitals (NTO), which provide a compact
representation of the electronic transition [69, 70]. The exci-
tations with CT character were identified with a NTO-based
metric [71].

The solvent effects were introduced at all stages with the
polarizable continuummodel in its integral equation formal-
ism (IEFPCM), which treats the solvent as a homogeneous
medium characterized by its static and optical dielectic con-
stants. State-specific solvent corrections were computed in
the so-called corrected linear response (cLR) method [72]
for the CT states, which possess significant density reorga-
nization.

The solvent (i.e. outer-shell) contribution to the reorga-
nization energy was computed for CT states as the differ-
ence between excitation energies computedwith equilibrium
and nonequilibrium solvation. In the nonequilibriummodel,
only the “fast” solvation, governed by the optical dielectric
constant, is allowed to relax in response to the excitation,
whereas the rest of the solvent polarization remains frozen
to its ground-state configuration. In the equilibrium model,
all solvation is relaxed to the excited state.

In order to compute the electronic couplings between ex-
cited states, we used a diabatization scheme [73] which is
able to separate the excited-state manifold into locally ex-
cited and CT subspaces. The electronic Hamiltonian is then
transformed in the diabatic basis to extract the off-diagonal
electronic couplings.

3. Results and discussion
3.1. Linear spectroscopy

The absorption and emission spectra (excitation at 480
nm) of the N-BODIPY compound 1 dissolved in n-hexane,
toluene, dichloromethane (DCM) and acetonitrile (ACN) are
shown in Fig. 3a and 3b, respectively. In toluene the absorp-
tion spectrum is characterized by an intense band centered
at 508 nm with a shoulder assigned as a vibronic band on
its blue side (around 480 nm). A blueshift of about 5 nm
is observed in dichloro-methane and hexane, that increases
up to 10 nm in acetonitrile. An additional high-frequency
absorption component is present below 400 nm.

The emission spectra, normalized respect to the optical
density of the samples at the excitationwavelength (480 nm),
are characterized by a broad band centered around 540 nm
in toluene, which shifts at lower wavelengths in n-hexane
(532 nm). In dichloromethane and acetonitrile, the fluores-
cence of the compound is strongly quenched. Furthermore,
compared to a standard BODIPY, the fluorescence band of
this molecule is broader, presents a higher Stokes shift and
lacks the usually observed vibrational structure.[4, 74]. The
fluorescence quantum yield of the compound is significantly
lower if compared to a standard Bodipy: indeed a QY of
only 11.5% is measured in toluene, which decreases to 6.8%
in hexane and is almost totally quenched in more polar sol-
vents (measured Qy are below unity in both solvents).

To further investigate emission properties of the sam-
ple, the fluorescence of compound 1 was quantitatively com-
pared to that of a 1 to 1 mixture of a parent N-BODIPY
lacking of diamino-tosyl substituent (but with meso nitro-
phenyl appendant) and the free di-tosyl amine, in different
solvents. The results, reported in Fig. S1 of SI, show that
the fluorescence of the meso nitrophenyl N-BODIPY with-
out the diamino-tosyl substituents is still strongly quenched
respect to that of a standard BODIPY, suggesting that the ni-
trophenyl group and not the nitrogen substituents determines
the emission quenching. The emission of compound 1 is
comparatively higher respect to the that of the 1 to 1 mix-
ture, possibly because of an extended conjugation caused by
nitrogen substituents.

Interestingly, if fluorescence is recorded by exciting the
sample at 350 nm, a second blue shifted emission band of
low intensity is observed, as shown in Fig. 4. In non polar
solvents, two distinct fluorescence components are present:
the already observed intense band at about 540 nm and a
lower intensity component peaked at about 400 nm. In po-
lar solvents the main fluorescence band is almost completely
quenched, while the low intensity band is still observed. This
behavior is unusual, since for themajority of organicmolecules
it is expected that fluorescence would occur always from the
low laying excited state, in agreement with the Kasha rule.
Furthermore, upon UV excitation the fluorescence QY de-
creases in polar solvents and increases in non-polar solvents,
due to the slight rise of the high frequency fluorescence band
in the latter media (a QY increase from 0.09% to 0.19% is
measured in dichloromethane moving the excitation wave-
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Figure 3: a) Absorption spectra of the N-BODIPY compound
in different solvents: toluene, n-hexane, dichloromethane and
acetonitrile. b) Emission spectra of the compound in different
solvents (excitation at 480 nm). The spectra are normalized
respect to the optical density at the excitation wavelength.
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Figure 4: Emission spectra of the compound recorded in dif-
ferent solvents, with excitation at 350 nm; the spectra are nor-
malized respect to the optical density at the excitation wave-
length.

length from 480 to 350 nm).
3.2. Transient Absorption spectroscopy

Transient absorption spectroscopy (TAS) experiments have
been carried out on the N-BODIPY compound dissolved in
the four solvents considered in the previous section (n-hexane,
toluene, dichloromethane and acetonitrile).

Fig. 5 shows the evolution associated difference spec-
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Figure 5: EADS obtained by Global analysis performed on
the kinetic traces collected in n-hexane upon excitation at 500
nm. The absorption and emission spectra are shown in the top
panel.

tra (EADS) extracted from a Global analysis performed on
the kinetic traces (the experimental transient spectra are re-
ported in Fig. S2a of SI) acquired for the compound in n-
hexane, upon excitation at 500 nm. The linear absorption
and emission spectra of the sample are shown on top of the
EADS in Fig 5. The global analysis allows estimating three
lifetimes of 356 fs, 13.1 ps and 383 ps, corresponding to the
evolution of three spectral components which describe the
excited state decay pathway of the sample, until the full re-
covery of the ground state population. The transient spectra
are characterized by the appearance of a negative signal cen-
tered around 505 nm, with a broad tail extending up to 650
nm, which can be assigned as the convolution of ground state
bleaching and stimulated emission. The stimulated emission
rises on the red edge of the overall negative band in about 300
fs, as noticed by observing the spectral difference between
the first two EADs, as the results of a rapid stabilization of
the excited state reached upon vertical excitation. A small
positive excited state absorption band is observed around
400 nm, which shows no remarkable spectral changes over
time. The excited state evolution in toluene, shown in Fig.
S4 of SI section is comparatively similar. When repeating
the measurement in a more polar solvent, such as acetoni-
trile, notable differences are found, as shown in Fig.6

The EADSplotted in Figure 6 highlight a four-exponential
decay described by lifetimes of 1.7 ps, 2.6 ps, 14.8 ps and 1
ns. The forth component has been added to increase the ac-
curacy of the fit, but as noticed fromFigure 6 it only accounts
for a small background signal caused by the pump scattering.
The overall excited state recovery is much faster than the one
observed for non polar-solvents and the transient signal de-
cays almost completely in about 15 ps. Besides time con-
stants, also the evolution of the transient signal appears dif-
ferent from that previously described for non polar solvents.
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The initial EADS, with a lifetime of about 1.7 ps, is quite
similar to that observed in hexane, but the evolution towards
the second spectral component shows a noticeable decrease
in intensity on the red side of the band, and the appearance of
a small positive signal peaked at about 530 nm and of another
positive peak at about 380 nm. Comparison with previous
literature [75] allows to assign this component as due to the
localization of a positive charge on the bodipy core. The for-
mation of a charge separated state is supported by the com-
putational studies described in the following section, which
revealed the establishment of a charge transfer state between
the meso nitrophenyl group and the bodipy core following
the excitation.

In order to better understand the ultrafast behavior of the
N-BODIPY compound 1 as a function of the solvent po-
larity, we plot in Fig. 7 the kinetic traces recorded at the
wavelength corresponding to the maximum of the bleaching
signal for all the four solvents tested, superimposed to the
multi-exponential fit obtained with global analysis. It is pos-
sible to observe that the more polar is the solvent, the faster
is the excited state decay, suggesting that a fast decay chan-
nel, which we assign to the population of a charge transfer
state, is favoured by the increased polarity. A summary of
the time constants describing the excited state evolution in
the different solvents is reported in (Tab. 1) for the 500 nm
excitation wavelength.

To further compare the influence of the solvent on tran-
sient spectral shapes and excited state evolution, we show in
Fig 8 the transient spectra recorded at the fixed pump-probe
time-delay of 7.5 ps, recorded in the four solvents tested.
As it can be noticed, the transient spectra collected in the
two non polar solvents n-hexane and toluene are very sim-
ilar and, as previously mentioned, can be interpreted as the
convolution of ground state bleaching (peak center around
500 nm) and stimulated emission (around 550 nm) signals.
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Figure 7: Kinetics traces registered at the maximum of the
bleaching signal (504 nm) in different solvents for excitation
at 500 nm, superimposed to multi-exponential fit performed
by global analysis

Solvent Polarity Index �1 �2 �3 �4

n-Hex 0.1 0.36 13.1 383 –

Tol 2.4 0.74 30.0 938 –

Dcm 3.1 3.2 16.4 56 –

Acn 5.8 1.7 2.3 14.8 1000

Table 1
Time constants obtained by global fit of the transient data
(500 nm pump ).
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Figure 8: Transient spectra recorded at a pump-probe delay
time of 7.5 ps in different solvents and corresponding fit per-
formed with Glotaran software, in case of 500 nm excitation
wavelength.

In the most polar solvent considered, acetonitrile, a positive
band is clearly visible, peaked at about 530 nm, signaling
the formation of a BODIPY cation. The spectral shape ob-
served in dichlorometane, whose relative polarity is between
that of toluene and acetonitrile (see also Tab 1), has an inter-
mediate appearance: the red-shifted positive signal is barely
visible, being almost totally compensated by the stimulated
emission band. This could indicate that the CT yield is lower
compared to more polare media.

In order to further investigate the observed excitation
wavelength dependence of the sample fluorescence, we also
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Figure 9: Comparison between single wavelength kinetics (504
nm) of the dyad in hexane (a) and acetonitrile (b) by exciting
at 350 and 500 nm, superimposed on corresponding multi-
exponential fits obtained by global analysis.

measured transient absorption spectra of the sample upon
excitation at 350 nm. The transient data and their respective
analysis are reported in SI.

The kinetic traces taken at themaximum of the bleaching
signal in n-hexane and acetonitrile upon excitation at both
350 and 500 nm are compared in Figure 9.

The comparison of kinetic traces reported in Figure 9
clearly shows that the ground state recovery is faster upon
excitation at 500 nmwith respect to 350 nm excitation, espe-
cially in non-polar solvents. This observation suggests that
different decay channels are activated upon UV excitation,
possibly involving the decay towards an intermediate excited
state characterized by a slower relaxation. Further evidence
for the dependence of the excited state decay upon the excita-
tion conditions can be inferred looking at the EADS reported
in SI section.

The experimental observations of kinetic and spectral
changes depending on the excitation wavelength could be
explained by considering that different decay channels are
involved in the dynamics at the two excitation wavelength.
The observed behavior is not common for organicmolecules,
where usually the internal conversion between high energy
excited state and the low lying S1 state is ultrafast. A pos-
sible explanation for the observed evolution is that upon ex-
citation at 350 nm the system would decay towards an inter-

Acetonitrile n-hexane
State ΔE (eV) f ΔE (eV) f Assignment

1 2.82 0.49 2.80 0.50 LE1
2 3.69 0.04 3.68 0.04 LE2
3 3.32a 0.0004 3.41a 0.0007 CT1
4 3.91 0 3.89 0 LE3b

5 4.05 0.10 4.04 0.09 LE4
6 4.52 0.02 4.66 0.02 LE5c

7 4.53a 0.0048 4.51a 0.0052 CT2
8 4.69 0.65 4.81 0.68 LE6c

a Energy corrected with the first-order cLR method (see
Computational Methods)
b nitrophenyl n→ �∗ c nitrophenyl � → �∗

Table 2
TD-DFT calculated excited states of N-BODIPY in acetonitrile
and n-hexane solvents. Excitation enerrgy (ΔE) and oscillator
strength are reported. The states are ordered by uncorrected
energy in acetonitrile.

mediate excited state highly localized on a peripheral sub-
stituent, thus weakly coupled with the S1 state localized on
the N-BODIPY core. As shown in the following section,
DFT computations support this explanation, since excited
states completely localized on the nitro-phenyl substituent
are located at intermediate energy between the S1 state and
higher excited states localized on the N-BODIPY core.
3.3. Computational results

In order to rationalize the spectra and dynamics of the
N-BODIPY, we performed TD-DFT calculations in two sol-
vents, the nonpolar n-hexane and the polar acetonitrile. The
results (Table 2) support the assignment of the intense ab-
sorption band measured in the UV-Vis spectra to the BOD-
IPY core. The natural transition orbitals (NTOs) indeed con-
firm that the excitation is well localized on the BODIPY
moiety (Figure 10a). The discrepancy (∼0.34 eV) between
the calculated and experimental excitation energy is due to
the well-known intrinsic difficulty of TD-DFT in describing
the excited states of cyanine-like molecules.[76] The second
BODIPY excited state is almost 1 eV higher in energy, and
its intensity is an order of magnitude lower.

The calculations also predict a low-lying charge-transfer
state, which is ∼0.6 eV above the bright BODIPY state in
n-hexane, and slightly lower in energy in acetonitrile. The
dominant NTO pair involved in this state is reported in Fig-
ure 10b. Contrary to previous literature findings [59], this
state does not involve the diamino-boron moiety, but it can
be seen as an electron transfer from the BODIPY core to the
nitrophenyl meso group.

A charge-transfer state involving the diamino-boron sub-
stituent can be found at∼4.5 eV, which is well above the low-
lying states of the BODIPY. Figure 10c shows the dominant
NTO pair for this state. Contrary to CT1, this transition is
not a full electron transfer, as the hole and electron densities
partially overlap. Due to its high energy, this state cannot be
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Figure 10: a-c) Dominant natural transition orbital pairs for (a) the first locally excited state and (b,c) the first two charge-transfer
states of N-BODIPY 1. The percentage below the arrow indicates the weight of the dominant NTO pair in the transition. d)
Scheme of the computed energy levels involved in the observed ultrafast dynamics, corrected for the reorganization energy. Red
and green lines indicates energy levels computed in acetonitrile and n-hexane, respectively. The subscript (np) indicates states
localized on the nitrophenyl moiety.

involved in the transient dynamics starting from the lowest
bright state.

Ray et al. have suggested that a charge-transfer state like
CT2might be responsible for the low quantum yield of some
N-BODIPYs [59]. However, the N-BODIPYs with reduced
quantum yield possess a benzo-fused diamino-boronmoiety.
The absence of the aryl ring makes the CT2 state too high in
energy to contribute to the dynamics.

In order to understand the influence of the CT1 state
on the excited-state dynamics, we considered the effect of
solvent reorganization after charge separation, by comput-
ing the energy of the CT1 state with acetonitrile solvent in
complete equilibrium (see Computational Methods). The
equilibrium-solvation CT1 energy is 2.69 eV, lower than the
bright BODIPY excited state. Namely, when the solvent
relaxes around the charge-separated state, its energy drops
below the bright state, making charge separation thermody-
namically favoured (ΔG = −0.12 eV). The solvent reorgani-
zation energy is estimated to be � = 0.63 eV by subtracting
the nonequilibrium and equilibrium solvation results. On
the contrary, the reorganization energy in hexane solution
is negligible, and the CT1 state is located above the LE1
state in energy, in agreement with the experimental results,
which show a less pronounced CT state contribution in the
observed dynamics in non polar solvents. A scheme of the
computed energetic levels involved on the observed excited
state dynamics is represented in Fig. 10d, corrected for the

reorganization energy.
The computed excited state energies also allow to give

a possible explanation about the kinetic behavior observed
for the studied molecule when excited at 350 nm. Indeed
several excited states are found which are completely local-
ized on the nitrophenyl substituent. In particular, the LE3
state could be accessed if excitation at 350 nm populates the
LE4 state (which is possible, considering the error on the
computed excited state energies). Being completely local-
ized on the meso substituent, which is arranged perpendicu-
lar to the BODIPY core, it is expected that this state is only
weakly coupled with the low lying LE1 state, as confirmed
by the computed couplings in SI (Tab. S2). This can explain
the observed slower excited state recovery upon excitation at
350 nm and the appearance of the blue shifted fluorescence
band, as due to this localized state.

4. Conclusions
In conclusion, we fully investigated the ultrafast behavior

of a substituted N-BODIPY, a class of compounds that was
not explored in depth in literature before. We found that the
excited state dynamics of this molecule is highly dependent
on the solvent polarity and on the excitation wavelength. By
combining the experimental results from stationary and ul-
trafast spectroscopy with theoretical TD-DFT calculations,
we conclude that both charge transfer and localized states

S Doria et al.: Preprint submitted to Elsevier Page 7 of 10



Unravelling the ultrafast dynamics of a N-BODIPY compound

are involved in the photodynamics, to a different extent de-
pending on both solvent and excitation conditions. Based
on previous literature, we identify the transient signals of a
radical cation localized on the BODIPY core, which is par-
ticularly evident in polar solvents. TD-DFT computations
support the involvement of charge transfer states in the deac-
tivation process of the molecule, since a low energy excited
state is found, involving a charge transfer from the BODIPY
core to the meso nitrophenyl substituent. This state is par-
ticularly stabilized in polar solvents and the occurrence of
photoinduced electron transfer is responsible for the drastic
decrease in the fluorescence quantum yield observed in polar
solvents. Furthermore we found an unusually longer excited
state lifetime upon excitation at 350 nm, if compared with
that registered upon 500 nm excitation. This behaviour is
rationalized by considering that the excited state relaxation
upon excitation at higher energies involves the population of
excited states completely localized on the meso nitrophenyl
substituent, weakly coupled with the low lying excited state
localized on the N-BODIPY core.

This work represents a starting point toward the compre-
hension of the photoinduced processes structure-properties
relationships of N-BODIPY compounds, opening the possi-
bility of tuning their electronic properties to optimize their
performance in a number of applications, from light-harvesting
to chemosensors and optoelectronic devices.
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