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ABSTRACT 

Fluorescence-based bioimaging enables noninvasive visualization of molecular and cellular processes with high sensitivity and 
without ionizing radiation. However, conventional fluorophores emitting in the visible or near-red infrared I (NIR-I) (650–
800 nm) regions suffer from limited tissue penetration and scattering. Extending fluorescence emission into the deeper NIR region 
represents a promising strategy to overcome these drawbacks, yet achieving high brightness and stability in organic dyes remains a 
major challenge. We report an original family of hetero-substituted-fused boron-dipyrromethene (BODIPY) dyes bearing carbazole 
and thienyl donors that exhibit record brightness and emission maxima up to 852 nm in toluene. The synthetic route combines 
successive Stille couplings from a 2,6-dibromo-3,5-diiodo-BODIPY precursor and an unprecedented silver(I)-mediated oxidative 
cyclization, affording high yields and suppressing undesired chlorination. The resulting dyes display intense absorption ( ε= 1.8–2.5 
× 105 M− 1 cm− 1 ) and exceptional fluorescence quantum yields ( Φ up to 0.73). Encapsulation in silica nanoparticles (NPs) preserves 
their photophysical properties and enables efficient NIR-II in vivo imaging in mice, allowing tumor detection at doses as low as 
0.2 nmol with tumor-to-muscle ratios > 4. These fused BODIPY derivatives rank among the brightest NIR fluorophores reported 
to date and open new avenues for high-contrast deep-tissue imaging and image-guided surgery. 
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 Introduction 

luorescence-based biological imaging is a powerful approach
o noninvasively visualize dynamic, functional, and molecular
vents in living organisms, without ionization and at low contrast
gent concentration, in contrast to both nuclear imaging and
agnetic resonance imaging, respectively [ 1 ]. Fluorescence imag-
ng agents emitting in the visible and the close near-red infrared I
NIR-I, 650–800 nm) regions are now well developed for imaging
n living cells or tissues. However, a high in vivo resolution with
hese imaging agents is difficult to achieve due to scattering and
his is an open access article under the terms of the Creative Commons Attribution-NonCommercial-N
s properly cited, the use is non-commercial and no modifications or adaptations are made. 
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interference by the tissue. Using fluorescent imaging agents oper-
ating deeper in the NIR-I (800–950 nm) or NIR-II (1000–1700 nm)
regions is one of the strategies allowing overcoming the above-
mentioned hurdles [ 2 ]. The deep penetration of light in NIR-II,
concomitantly with highly reduced diffusion and absence of
competitive endogenic absorption or emission, make such agents
highly desirable for biological labeling, disease detection, and
real-time imaging as image-guided surgery [ 3 ]. The most impor-
tant feature for fluorescence-based imaging is the brightness
( B ), the product of the molar absorptivity ( ɛ ) and fluorescence
quantum yield ( Φ). In addition, such dyes can be attractive for
oDerivs License, which permits use and distribution in any medium, provided the original work 
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pplications in optoelectronics, for example, in light transparent
rganic photovoltaic [ 4, 5 ] and NIR photodiodes/photodetectors
 6 ]. 

he potential of NIR-II fluorescence bioimaging has been
emonstrated using both single-walled nanotubes and inorganic
anoparticles (NPs), yet their poor Φ have prompted the develop-
ent of more efficient organic fluorophores [ 7 ]. To push the emis-
ion of organic fluorophores in the NIR-II region, strategies such
s extended π-conjugation, structural rigidification, insertion
f electron-donating groups leading to donor–acceptor–donor
D–A–D) architectures, and the use of polymethine cores with
ntrinsically high B have been explored [ 2, 3, 8, 9 ]. However, NIR-
I dyes often suffer from chemical instability in biological media:
heir low-lying LUMO makes them sensitive to nucleophilic
ttack while their high-lying HOMO increases susceptibility to
xidation or electrophilic attack. In addition, according to the
nergy gap law , dyes with narrow bandgaps typically exhibit low
 due to the inherent enhancement of nonradiative processes
deformation, vibrational coupling, low-lying charge transfer
tates, intersystem coupling. . . ) [ 10 ]. As a result, the develop-
ent of such efficient fluorophores remains challenging. The
ew available imaging agents, often based on xanthenes [ 11 ] or
olymethines [ 12–14 ], still suffer from photobleaching, low Φ,
nd/or limited water solubility [ 15–17 ]. 

n this context, NIR-I fluorophores combining an off-peak tail
mission above 1000 nm and a high B offer a promising
lternative. Additionally, such compounds are compatible with
onventional microscopy and flow cytometry systems due to their
IR-I emission, while remaining detectable when using NIR-
I cameras. This has been demonstrated in the FDA-approved
ndocyanine Green (ICG) dye [ 18 ] and Methylene blue [ 19 ]. 

mongst the various NIR imaging agents [ 20–24 ], compact
rganic fluorophores are particularly attractive due to their
inimal interaction with living organisms and easy connection to
ioligands (peptide, antibody, sugars. . . ), making them excellent
andidates for clinical imaging reagents. In this regard, Boron-
ipyrromethene (BODIPY) dyes stand out for their excellent bio-
ompatibility and tunable photophysical properties [ 25 ]. Recent
tudies have shown that rational design can redshift BODIPY
mission into the NIR while retaining significant brightness.
inyl-bridged BODIPY oligomers, for instance, exhibit emission
axima ( λem 

) spanning from 720 to 1136 nm, yet with moderate
 [ 26 ]. NIR-II emitting aza-BODIPY dyes were developed by
ntroducing strong electron-donating groups at several positions
f the aza-BODIPY core or its gallium analog [ 27, 28 ], with
ome derivatives optimized for aqueous solubility [ 29, 30 ]. A
amily of NIR II-emitting dyes with high NIR emission potential
as reported through a cyanine-BODIPY hybridization strategy

 31 ]. Despite these advances, further progresses are needed for
nhancing both the depth of NIR emission and overall brightness.

ere, we present an innovative series of hetero-substituted-fused
ODIPY dyes featuring outstanding brightness with emissions
aximum up to 852 nm in toluene. Importantly, these com-
ounds rank amongst the brightest reported dyes in this spectral
omain. We report their original synthesis (including a new
et of conditions for oxidative cyclization), along with their
heoretical and optical properties characterizations. Additionally,
of 10
to demonstrate their potential as NIR fluorescent probes, one
of these new dyes was encapsulated into polymeric NPs, and
promising preliminary imaging results are presented. 

1.1 Design and Synthesis 

Our previous work on hetero-substituted-fused BODIPY paved
the way for synthesizing BODIPY with redshifted emission [ 32 ].
When five-member ring substituents (thienyls) are introduced on
the 3,5-positions of the BODIPY and 6-member rings (anisoles)
on its 2,6-positions (Figure 1 , left), the resulting fused aromatic
core showed a perfectly planar structure in both its ground and
the excited states according to ab initio calculations. This fully
rigid structure allows an excellent delocalization in the π-system
while limiting detrimental nonradiative deexcitations. However,
the emission of this compound is insufficiently redshifted, and
its Φ is too small for biological imaging, likely due to the free
rotations of methoxy groups (rotor effect). To address these issues,
fused carbazole moieties are selected here as electron donors
at the 2,6-positions of the BODIPY. The additional thiophene-
based aromatic rings at the 3,5-positions, are designed to induce
a bathochromic shift of both the absorption and the emission
while maintaining the planarity of the whole molecule, thanks to
the heteroatoms, therefore hampering nonradiative deexcitation
pathways. 

The results obtained for 1a led us to extend this approach,
aiming at further redshifting the emission of our compounds
by extending the length of the π-conjugated system, this time,
using the thienyl substituents ( 1b,c , Scheme 1 ). Finally, in order
to investigate the donor effect of carbazole units, the orientation
with respect to the BODIPY plane can be reversed ( 1d ). 

2 Results and Discussion 

The synthesis of the fused BODIPY 1a–d is carried out follow-
ing our reported strategy with a stepwise introduction of the
substituents [ 27, 33 ], see Scheme 1 . First, the thiophene-based
substituents are regioselectively introduced at the 3,5-positions of
the 2,6-dibromo-3,5-diodo BODIPY 2 by a Stille coupling reaction
in 50%–64% yields (Scheme S1 ). A second Stille cross-coupling
is employed to attach the selected carbazole substituents at the
2,6-positions in good yields (71%–86%). As reported by Müllen
et al., using the common mild oxidant FeCl3 for the oxidative
cyclization produces the desired compounds, yet, in some cases,
leads to inseparable parasitic chlorinated by-products [ 34 ]. To
circumvent this issue, we propose a new synthetic method using
AgBF4 as an oxidant, which allows obtaining the pure compounds
1a-d in 49%–81% yields. All molecules are characterized by NMR
and HRMS spectroscopies. 

The absorption and emission spectra of all final compounds
and intermediates measured in dichloromethane (DCM) and the
associated data can be found in the Supporting Information.
As presented in Figure 2a–d , all the fused compounds 1a-
d exhibit intense absorption and emission in the NIR region
with exceptional quantum yields for this spectral range in both
toluene and DCM (Table 1 ). Compound 1a has an emission
maximum at 788 nm in toluene with an excellent Φ of 0.73.
Angewandte Chemie International Edition, 2026
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FIGURE 1 Strategy for the improvement of NIR emission by fusion of rigidified mesomeric donor group. 

SCHEME 1 Synthesis routes toward 1a-d . (a) Organotin derivative, Pd(PPh3 )2 Cl2 , PhMe, 115◦C. (b) Organotin derivative, Pd(PPh3 )2 Cl2 , PhMe, 
115◦C. (c) AgBF4 , DCM/MeNO2 , 0◦C. 

Angewandte Chemie International Edition, 2026 3 of 10
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FIGURE 2 (a) Absorption and (b) normalized emission spectra of 1a , 1b , and 1c in toluene (25◦C). (c) Absorption and (d) normalized emission 
spectra of 1c and 1d in toluene (25◦C). 

TABLE 1 Spectroscopy data of fused BODIPY 1a - d recorded in diluted solution at 25◦C. 

Cpmd λabs (nm) ε (M− 1 .cm− 1 ) λem 

a (nm) Φf 
b τ (ns) kr (108 cm− 1 ) knr (108 cm− 1 ) ΔSS (cm− 1 ) Solvent 

1a 772 223,000 805 (898) 0.47 3.56 1.33 1.47 531 DCM 

774 193,000 788 (860) 0.73 4.06 1.81 0.655 229 Toluene 
1b 831 182,000 868 (977) 0.26 2.47 1.05 3.00 480 DCM 

832 159,000 852 (960) 0.34 2.66 1.28 2.48 297 Toluene 
1c 811 256,000 839 (949) 0.37 2.83 1.31 2.39 411 DCM 

815 254,000 829 (930) 0.48 3.08 1.56 1.69 207 Toluene 
1d 824 204,000 858 (970) 0.22 1.93 1.14 4.04 512 DCM 

823 218,000 837 (940) 0.33 2.60 1.27 2.58 203 Toluene 
a Vibronic peak in bracket. 
b Using IR125 in EtOH at 298K ( Φ = 0.13) as reference [ 35 ]. 
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hen the thienyl substituents at the 3,5-positions are replaced by
hienothiophene and bithiophene moieties, additional redshifts
f the emission are observed: 64 nm for 1b and 41 nm for 1c
s compared to 1a in toluene (Figure 2d ). Both 1b and 1c also
isplay intense NIR I emission ( Φ = 0.34–0.48 in toluene). The
arger shift induced by the bithiophene substituents compared
o their thienothiophene counterparts can probably be attributed
o a planarization of bithiophene in the excited state, inducing
 larger π-conjugated system. The inversion of the orientation of
he carbazole substituent (Figure 2c,d ) results in a redshift of 8 nm
f the emission, accompanied by a small decrease of the quantum
ield ( Φ = 0.33 in toluene for 1d ). 

n addition to their good fluorescence properties, compounds 1a–
 show a strong absorption in the NIR with molar extinction
oefficients around 200 000 M− 1 .cm− 1 which confer a very high
rightness to these materials. We underline the presence of a
of 10

at
second emission maxima for these four fused BODIPYs arises
from vibronic couplings between the S1 and S0 states (see theory
below). For compounds 1b–d this second fluorescence peak is
located at the border between NIR I and NIR II. 

2.1 X-ray Diffraction 

Crystalline red plates of 1c , grown in a mixture of acetone and
dichloromethane at room temperature, were valuable enough to
provide by Single Crystal x-ray Diffraction (SCXRD) analysis of
the structural confirmation of the largest single BODIPY platform
ever obtained by x-Ray to the best of our knowledge (Figure 3 ).
Indeed, the longest distance between the mirrored carbons on the
outer phenyl groups is ca. 23 Å. An analysis of the 37 structures
of BODIPYs with symmetric peripheral fused phenyl rings found
in the Cambridge Structural Database v6.00 update 08/2025 (2598
Angewandte Chemie International Edition, 2026
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FIGURE 3 ORTEP view of one conformer of 1c , including a solvent dichloromethane molecule, showing the labeling schemes of atoms and planes 
(in italic, in brackets for the second conformer). Displacement ellipsoids are shown at the 30% probability level. H atoms are presented as small spheres 
of arbitrary radius. No disorder is shown for clarity. Selected geometry average parameters from table S. . . : < B—F > = 1.39 (2) Å; < B—N > = 1.55 (2) Å; 
N1(2)– C1(8) = 1.38 (1) Å; N1(2)– C4(5) = 1.37 (2) Å / < F—B—F > = 109.0(6)◦; < N—B—N > = 106.8(6)◦; < N—B—F > = 110.3 (10)◦. 
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ODIPYs including 2065 F-BODIPY structures) [ 36 ] showed no
arger structure. 

ompound 1c crystallized in a centrosymmetric triclinic unit
ell, with two conformers essentially differing in the orientation
f disordered alkyl side chains at the N1B and N1C atoms and
t the extremities of the thiophene moieties. Disregarding the
eso-tolyl group and the alkyl chains, 1c exhibits an almost
lanar crystal structure over the fused aromatic groups around
he BODIPY unit: the 52 non-hydrogen heteroatoms form a mean
lane with a RMS deviation of 0.119 (resp. 0.135) Å for the two
onformers present in the asymmetric unit of the crystal unit
ell, for which the boron atom is off by 0.27(1) (resp. 0.29(1)) Å.
he tetrahedral geometry of the boron center is observed as usual
or F-BODIPYs with typical values of bond lengths and angles
see caption of Figure 3 ), and the strained six-membered ring
helating it through the N atoms is perpendicular to the plane
f the F-B-F group. Despite the weak accuracy of our model,
he other bond lengths are in the range of those for similar F-
ODIPYs reported in the literature (see Table S2 ). The regular
lanarity can also be estimated from the torsion angle between
he four atoms embedded in the bay regions of the BODIPY
latform [ − 4.32/6.08◦ (resp. − 5.25/2.62◦)] (see Figures S62 and
63 ). This structural feature suggests an effective π-conjugation
n 1a − d . As anticipated, the meso -tolyl group is twisted at an
ngle of 56.1◦ (resp. 57.2◦) relative to the dipyrromethene unit.
evertheless, the orientation of the group is not constrained to
e orthogonal due to the far-apart alkyl substituents or crystal
acking. More details on the packing can be found in the
upporting Information (description and Figure S64 ) 
ngewandte Chemie International Edition, 2026
2.2 First-Principles Calculations 

We have performed ab initio calculations to obtain insights
into the photophysical properties of the new compounds. The
selected theoretical protocols, as well as extra results, are given
in the Supporting Information. First, to assess the quality of our
theoretical estimates, we have determined the 0–0 energies of the
four compounds. Our results are 1.56, 1.38, 1.45, and 1.43 eV for 1a ,
1b , 1c , and 1d , respectively. These values can be directly compared
to the measured absorption/fluorescence crossing points that are
1.57, 1.46, 1.50, and 1.47 eV for the same four compounds. Theory
reproduces the experimental ordering, with a mean absolute
error (MAE) of 0.05 eV only. This confirms the quality of the
simulations. In Figures S65–S68 , we report the vibrationally
resolved emission spectrum determined for all compounds. As
can be seen, the overall shape is nicely reproduced by theory
with a very intense 0–0 peak followed by the usual vibronic
contribution at lower-energy, confirming the nature of that extra
peak, and that the observed emission comes, as expected, from
the S1 state. 

In Figure 4 , we report the electronic density difference plots.
Interestingly, despite the very large size of the compounds and
their near-planar pi-conjugated structures, the transition from
the ground to the excited state mainly involves an electronic
reorganization localized on the BODIPY core. Indeed, one notices
the usual topology with a large increase of density on the meso
carbon atom, a typical behavior of BODIPYs [ 37 ], whereas the
side groups play a minor role only, though the thienyl rings at
positions 3,5 play an additional donating role (blue lobes). 
5 of 10
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FIGURE 4 Density difference plots for the four systems, Dr = r( S1 )-r( S0 ), determined on the S0 geometries. Navy blue and crimson red lobes 
indicate a decrease and an increase of electron density upon photoexcitation, respectively. Contour threshold: 8 × 10− 4 au. 
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et us now turn toward finding an explanation for why fluores-
ence is so effective in those dyes. First, the oscillator strength of
he S1 → S0 transition of these dyes is large with both TD-DFT
in DCM) and CC2 (gas phase). The large calculated values are
isted in Table S5 , and are at least 1.45 in TD-DFT and 1.22 in
C2, indicating very large radiative constants, kr , and the absence
f dark-state quenching. Second, the probability of intersystem-
rossing (ISC) from the S1 can be estimated by computing both
he lowest singlet and triplet energies, as well as the spin-orbit
ouplings on the relaxed S1 geometry. In all dyes, the T2 state lies
ignificantly higher than S1 , thus only the lowest triplet state is
ccessible for ISC. As can be seen in Table S5 , rather large singlet-
riplet gaps are obtained ( > 0.35 eV), and the corresponding
OC matrix elements are well below 0.05 cm− 1 , hinting at very
ow ISC efficiency. At this stage, we can therefore conclude that
he key state is indeed S1 , that the kr should be large, and that
SC is limited. Given that other nonradiative processes (such
s electron energy transfer) are unexpected, and that the S0 -
1 gap is small, only three relaxation pathways remain, namely
luorescence, internal conversion, and conical intersection. Due
o the size of the systems, we were not able to explicitly locate the
atter. However, a clue to the inaccessibility of such intersections
s given by the high rigidity of the system. As shown in Figure
69 , the superposed S0 and S1 geometries highlight (i) the high
lanarity of the systems and (ii) the rigidity of the geometries.
ndeed, in 1a , 1c , and 1d , only the methyl group in the para-
osition of the meso- phenyl is rotating between the two states.
n 1b , a slightly more significant modification of the geometry
of 10
is visible, however such deformation remains small as compared
to the size of the system. In BODIPY dyes, the accessible conical
intersection is known to exhibit a large kink in the central ring
along the meso -axis [ 38 ]. Given the size of these BODIPY dyes and
the very small deformation of the relaxed excited-state geometry,
we considered this deformation inaccessible. 

Let us now address the simulation of the quantum yield by
calculating the radiative (fluorescence) and internal conversion
rates, using Fermi’s Golden rule [ 39 ]. The results listed in Table S6
show radiative rates in the 1.6–2.0 x 108 Hz range, which are close
yet slightly larger than the experimental values of Table 1 , with a
MAE of 0.64 x 108 Hz. For the internal conversion rates, theory
also tends to slightly overestimate the experimental values with
mean signed errors (MSE) depending on the selected broadening
(see the Supporting Information for details): 3.56 x 108 Hz for 10
cm− 1 , 2.00 x 108 Hz for 7 cm− 1 , and 0.44 x 108 Hz for 5 cm− 1 .
It is satisfying that the theory provides the correct orders of
magnitude. Selecting the intermediate broadening function, one
computes Φ of 0.36, 0.24, 0.25, and 0.28 for 1a , 1b , 1c, and 1d ,
respectively. While this does not exactly follow the experimental
trends, the calculations restore the correct order of magnitude,
which is satisfying. 

In short, theory indicates that the only two deactivation path-
ways are the radiative and internal conversion ones in these
compounds, that is, the two always existing pathways. Given
that these systems present very large ε, this hints that further
Angewandte Chemie International Edition, 2026
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FIGURE 5 Absorption (black line) and emission (red line) spectra 
of 1c @F127-SiO2 NPs. 
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ncreasing their brightness is likely challenging, since there is no
bvious detrimental deactivation route to be suppressed. 

.3 Nanoparticles Loadings and Properties 

o validate a practical application in imaging, compound 1c ,
hich exhibits the best compromise in Φ and λem 

, was selected
or encapsulation in a silica-stabilized pluronic F127 micelle
1c@F-127-SiO2 NPs). This type of NPs, which are easy to
btain, are known to retain the optical properties of organic
luorophores observed in apolar media for dyes insoluble in water
 40 ]. Dynamic light scattering (DLS) measurement indicates an
verage hydrodynamic size of 29 nm in saline medium (9 g/L
aCl in water), typical of such fluorophores (Figure S70 ) [ 41 ].
he absorption and emission spectra of 1c@F127-SiO2 are given
n Figure 6 . The absorption spectrum shows two clear peaks in
he low energy area, one at 755 nm hypsochromically shifted
ompared to the S0 -S1 transition in toluene, and a second at
90 nm bathochromically shifted compared to toluene. Due to
he planar nature of 1c, these two peaks could be attributed
espectively to the formation of H- and J- aggregates inside the NP.
he small shoulder observed at 820 nm likely originates from non-
ggregate dyes. Interestingly, a significant amount of fluorophore
rganized as J-aggregates displays an emission maximum at
27 nm with an intense shoulder at 1035 nm (Figure 5 ). This
fficient emission (NPs Φ = 0.004) in the NIR-II region of these
ater-soluble NPs led us to test its effectiveness in microscopy. 

 NIR-II Noninvasive Imaging in Mice 

he behavior of the BODIPY 1c encapsulated in the NP for-
ulation, that is, 1c @F127-SiO2 NPs, was investigated in mice
earing subcutaneous U-87 MG tumor (Figure 6 ). The rodents
ere injected with 200 µL of 1 µM dye solution, that is, 0.2 nmol
f BODIPY 1c per mouse, corresponding to a low fluorophore
ose. The NIR-II fluorescence was recorded from 1064 to 1700 nm
fter an excitation at 808 nm. The NPs circulate in the mouse’s
ody and show an accumulation in the liver and the spleen,
haracteristic of the elimination of NPs with similar hydrody-
ngewandte Chemie International Edition, 2026
namic size. The fluorescent NPs are observed in the tumor, with
a better contrast at 24 h and 48 h post injection. The tumor-to-
surrounding tissue ratio increases in a time-dependent manner,
reaching 2 in 24 h–48 h. However, the ex vivo ratio between
tumor and muscle reaches 4 at these time-points. Notably, no
unexpected accumulation was seen. Such ratios hint at a high
tumor specificity, according to the Rose criterion [ 42 ]. The tumor
accumulation is higher than in most of the organs as indicated in
the Figure 6a ; the accumulation of the 1c @F127-SiO2 NPs in the
skin prevented to clearly observed the tumor area. 

While the injected dose here is 0.2 nmol, the conventional dose of
fluorescent probe for in vivo imaging is between 1–10 nmol of dye,
and can even increase to 25–40 nmol for BODIPY derivatives [ 43,
44 ]. in the absence of specific bioconjugation (i.e., antibodies),
confirming the interest of our dyes [ 45, 46 ]. The strong increase
in fluorescent signal observed in the liver between 4 h and 24 h
leads to a saturated and persistent signal in this area until 48 h.
Several compounds of the BODIPY family have been reported to
exhibit comparable or even lower in vivo imaging performance
[ 30 ]. Whilst strict comparison of imaging results across different
studies is known to be challenging due to experimental setups
(e.g., excitation sources, detection systems, filter sets, acquisition
parameters, and image processing methods), comparisons can
be made with one previous work [ 30 ]. We found that dye 1c
delivers similar-to-higher fluorescence for liver, the main organ
of accumulation of both compounds. 

4 Conclusions 

We reported the original synthesis and outstanding emissive
properties of fused extended BODIPY dyes bearing carbazole
derivatives on the 2,6 positions and various thienyl donor groups
on the 3,5 positions. The synthesis starts from 2,6-dibromo-
3,5-diiodo-BODIPY, allowing efficient successive Stille cross-
coupling reactions. A synthetic breakthrough comes from the use
of a silver(I) salt as oxidant for the last cyclization step, allowing
reaching very good yields and no parasitical chlorination, in
contrast to the classical FeCl3 oxidative process. The new com-
pounds exhibit record brightness for fluorophores in this region
of the radiative spectrum (emission in the 800–850 nm range),
thanks to an intense absorption coefficient (1.8–2.5.105 M− 1 cm− 1 )
and large quantum yield (up to 73%). Theoretical calculations
indicate that these dyes are not prone to intersystem crossing,
possess larger oscillator strengths, and have quasi-equivalent
ground and excited-state geometries, all aspects being favorable
for achieving the observed high quantum yields. Importantly,
the only nonradiative pathway that appears open is the internal
conversion one; this path is related to the nonadiabatic couplings
between the two states and can hardly be suppressed. Despite the
poor water solubility of these prototypical molecules, we were
able to encapsulate them in water-soluble silica-based NPs and
maintain a significant emission. Taking advantage of the strong
emission of J-aggregates with a peak at 925 nm and a broad
975–1150 nm shoulder, these particles were successfully used in
NIR-II noninvasive imaging experiments in mice. The very low
injected dose of 0.2 nmol allowed the detection of the tumor.
The nanoformulation distributed very well in the bloodstream
though, he uptake in the skin was not negligible, which reduced
the contrast while the tumor-to-muscle ratios were higher than
7 of 10
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FIGURE 6 In vivo behavior of the NPs loaded with 1c (1c@F127-SiO2 NPs). (a) Representative examples of U-87 MG bearing mice injected with the 
nanoparticles loaded with 1c@F127-SiO2 NPs before, and 1 h, 4 h, 24 h, and 48 h after intravenous injection. The noninvasive images indicated an uptake 
in the liver and a time-dependent accumulation in the tumor, surrounded by a dashed-line. The fluorescent signal of organs collected at 48 h is shown 
(collection of the signal: 1000 ms). The signal of the kidney, spleen, and liver (bottom left) was 200 ms. (b) Ex vivo quantification of the fluorescence 
signal in the different organs and the tumor, 24 h and 48 h after injection ( n = 3 / per condition). The in vivo (c) and ex vivo (d) tumor/adjacent tissue 
ratios are indicated. Results are expressed as mean ± standard deviation. 
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. Such ratios hint at a high tumor specificity, according to
he Rose criterion. These very promising results pave the way
o further developments of these new BODIPY derivatives for
iological applications, for example, in real-time image-guided
urgery and preclinical imaging. To this end, the next steps
onsist of adapting this family of compounds to the deep NIR
y further redshifting their optical spectra, and concomitantly
ntroducing specific functions to enhance water compatibility and
ioconjugation strategies. 
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