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Abstract
In this paper, a series of click reaction-based Bodipy derivatives have been synthesized as part of a preliminary
study. Following the characterization of the four challenger molecules, the photophysical properties (absorption,
emission, excitation, molar absorption coe�cient, quantum yield, etc.) were examined in various organic
solvents. The results showed that the energy transfer from the Bodipy cores to other moieties was calculated
between 71% and 93% depending on different π-electron con�gurations and chromophore groups. 

Introduction
Bodipy dyes including high electron a�nity have been often preferred in photophysical applications and organic
electronics due to their tunable emission and extraordinary �uorescence properties. The importance of Bodipy
compounds to be used as sources of �uorescence properties has increased in the last decade [1–3]. So, Bodipy
can be shown to have a high photo-stability degree and a sharp �uorescence pro�le depending on the properties
of the linked organic groups [3–6]. The synthesis, reaction and applications of Bodipy compounds have been
emphasized as �uorescence chemosensors in many review articles on dipyrrin complexes and Bodipy [6–9]. For
this reason, researchers have synthesized a lot of Bodipy derivatives with several reaction techniques like click
chemistry to obtain a shift in emission and absorption wavelengths [10–12]. Bodipy �uorophores, which can be
used in the detection of metal ions by making use of changes in �uorescence wavelength and intensity, just as in
porphyrins and phthalocyanines, are increasingly signi�cant for bio-imaging applications and cytotoxicity [13–
16]. Moreover, Bodipy �uorophores undertake to the tasks of photodynamic therapy studies, which the principle
that the photo-stimulant creates cytotoxic singlet oxygen around it after absorbing light in the near-infrared
region [17–20]. Increasing interest in light-harvesting based molecules also makes the tendencies towards the
preparing of these compounds meaningful [21–24]. Otherwise, the �uorescent materials including multi-Bodipy
can act as an energy transfer cassette that can signi�cantly transfer energy through the bond and space and
exhibit self-laser behavior [25]. As a photo-active material, Bodipy's have also a great potential for bio-imaging
applications due to superior �uorescence abilities [26–28].

Herein, we report an UV-visible and �uorometric study supported by a series of various photophysical parameters
on four target compounds. We investigated the �uorescent molecules including mono or poly Bodipy groups. The
conjugation and amounts of Bodipy core were compared with the spectroscopic data for intramolecular energy
transfers and j-j dimer effect.

Methods And Materials
2.1. Instruments, methods and materials

The Bodipy derivative including azide terminal, A-Bodipy, was prepared with a classical condensation reaction
from Knorr pyrrole [22]. Four target challenger compounds were synthesized by using click reaction under an inert
atmosphere and named C1, C2, C3 and C4, respectively (Scheme 1). The reagents were supplied from Sigma-
Aldrich, Merck, Acros and used as received. The compounds were characterized (data in SI) with NMR (Varian
400), FTIR (Bruker Fourier Transform Infrared, ATR), elemental analysis (Leco CHNS 932) and melting points
(Gallenkamp) methods. The absorption and emission&excitation measurements were carried out by a
PerkinElmer LS 55 �uorimeter and a Perkin Elmer UV-Vis spectrophotometer, respectively. 
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The absorption properties of target compounds were investigated by Uv-vis measurements (Fig.1). The starting
azide-based Bodipy, A-Bodipy, presents to three main transitions in absorption curve at 498, 265 and 225 nm that
the hill at 498 nm assigns to classic S0-S1 transition of Bodipy’s. Unlike the �uorescence measurements, the
wavelength of this band did almost not change by click reactions used for target challenger molecules. However,
the amounts of absorbance changed that the Bodipy’s band expanded, and other hillocks shifted to red or blue.
Especially, the broad band assigned the anthraquinone unit in compound C1 raised around 340 nm that it was
attributed to multi π-π* transitions. The bands of target compounds in lower wavelengths can be explained by π-
π* and n-π* transitions depending on intramolecular conjugation and multi chromophore groups. The shifting
reason for the band of 1,8- hydroxyanthraquinone as the starting material around 325 nm can be also explained
as an energy transfer between Bodipy and anthraquinone units [26]. 

To examine the �uorescence properties of challenger molecules, the emission spectra were also recorded in
acetone medium. As depicted in Fig. 2, the emission maximum of the starting molecule (A-Bodipy) used in the
preparation of target molecules appeared at 501 nm and almost a 300 intensity (a.u.). Following the click
reaction conversions, (mono, dual or triple) the �uorescence intensity of all compounds broadened with some
shifts in the wavelength. An obvious shifting was observed in the �uorescence curve of C1 that the maximum
emission band appeared around 535 nm. The emission wavelength of C2 and C4 did almost changed while the
�uorescence intensity of the compounds increased. Otherwise, the emission band of C3 both increased and
hypsochromically shifted to red that the band was observed at 514 nm. The increased �uorescence intensity can
be explained with different π systems of compounds and the number of Bodipy units on the main skeleton. So,
three Bodipy cores of C3 lead to a higher �uorescence intensity when compared with other click reaction-based
compounds. The anthraquinone group of C1 provided a more effective π-electron delocalization that the
emission wavelength shifted to the red region. Although the structure of the C2 and C4 compounds is very similar
to each other, the quinoline fragment in compound C2 presented a higher �uorescence intensity without any
shifting in the wavelength. Otherwise, the emission increasing in compound C3 can be explained with the J-dimer
clustering effect, as known the S0-S1 transition, which led to the increasing in the �uorescence intensity [25].

The excitation curves of target compounds were obtained at a �xed emission of 505 nm (see Fig. 3). As
expected, the starting compound, A-Bodipy, has the smallest band. Although the excitation spectra of the
challenger molecules are similar, C1 has the largest band in the parallel of absorption measurements. The larger
curve in C1 shows than in other compounds due to a higher degree of conjugation between the anthraquinone
and Bodipy components. Otherwise, the compound C2 including the quinoline fragment submitted a more
different curve and the �uorescent character of the compound affects this situation. The hummock around 360
nm is the best proof of molecular exchange. The results also support by the broader spectral overlaps and the
occurrence of internal energy transfer between the chromophores and Bodipy units in molecules. 

The wavelengths of the absorption and emission spectra as well as the Stokes’ shifts are reported by using
several solvents in Table 1. The dipole moment and dielectric constant of solvents affected the spectral data of
compounds that the absorption/emission maxima shifted hypsochromically/bathochromically to different
wavelengths. Dimethylformamide changed to the spectroscopic properties of target molecules owing to its high
polarity that the quantum yields decreased generally by the increasing polarity of solvents. Although it is a
known fact that solvents affect spectral properties, donor atoms on the molecules and conjugation. The
quantum yields were given in Table 1 that A-Bodipy indicated a good quantum yield, 0.45-0.61, range of several
solvents. Depending on the increasing in polarity, the molar absorption coe�cients decreased that the results are
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not surprising. So, the high polarity causes to more molecular interactions like hydrogen bonding. Especially,
dimethylformamide decreased to the molar absorption coe�cients of all compounds. Following the click
reactions, as expected, the quantum yields decreased due to the circulation of electrons on more atoms and
distorting conjugation -CH2 fragments. The decrease can be explained by an energy transfer from Bodipy cores
to other moieties that antenna effect-light harvesting of Bodipy works in these molecules. The energy transfer
from Bodipy cores to other moieties were calculated by the equation:

in which ФENT is the percentage of energy transfer, ФChallenger and ФA-Bodipy are the �uorescence quantum yields
of target challenger compounds in several solvents. The best energy transfer was observed in compound C1 the
this clearly shows to more extended conjugation characteristic of the reduced states of the anthraquinone unit.
Similar energy transfer was recorded in compound C2 due to structure served to high conjugation while
compounds C3 and C4 gave a lower energy transfer mechanism.  The �uorescent compounds are substituted
with aromatic groups including multi Bodipy units. When the �uorescence quantum yields of the compounds is
compared, C3 has a better quantum yield while C1 molecule has the lowest yield. The difference can be
explained with the J-dimer stacking that its triangular-like structure enables to more molecular interactions.
Otherwise, the quantum yield of A-Bodipy decreased with the reaction organic groups depending on the
increasing atom numbers and the decreasing conjugation.      

Table 1 Photophysical properties of the challenger molecules the starting material (A-Bodipy) C1, C2, C3 and C4
in different solvents 
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Challenger

Compound

Solvent λabs (nm) εmax

(M-1cm-1)

λ emmax (nm) λ �x-

ex (nm)
Ф*

(10-2)

ФENT
(%)

 

 

Bodipy

moiety

Other
moieties

 

A-Bodipy Acetone 499 268

222

98000 505 330 57.2 -

Ethanol 497 271

225

95600 503 330 55.1 -

THF 500 269

223

105600 503 330 58.2 -

Chloroform 503 274

232

109300 514 330 61.3 -

DMF 495 265

221

88400 500 330 45.8 -

C1 Acetone 501 338

235

270000 538 330 5.3 91

Ethanol 499 337

234

265300 534 330 4.1 93

THF 503 339

232

277400 535 330 5.1 91

Chloroform 505 340

237

281900 543 330 6.2 89

DMF 498 336

231

225700 533 330 3.3 93

C2 Acetone 501 273

240

115000 506 330 9.9 82

Ethanol 497 270

241

111200 503 330 9.2 83

THF 502 275

243

113400 505 330 9.1 84

Chloroform 508 276

246

118200 511 330 10.2 83

DMF 497 269 99400 502 330 5.6 88
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238

C3 Acetone 502 269

232

170000 514 330 16.7 71

Ethanol 499 267

230

150200 510 330 11.8 78

THF 504 273

236

168900 512 330 16.4 72

Chloroform 507 277

232

166900 519 330 15.1 75

DMF 498 267

230

132600 510 330 9.2 80

C4 Acetone 501 280

240

109000 505 330 12.1 79

Ethanol 499 280

241

108400 504 330 11.3 79

THF 504 283

242

105600 505 330 9.1 84

Chloroform 506 280

239

113800 508 330 13.2 78

  DMF 499 277

238

98700 502 330 7.9 82

* In comparison with �uorescein in basic ethanol was used as the reference (Φ = 0.92)

Conclusion
In conclusion, we have improved to four �uorescent Bodipy derivatives using Huisgen cycloaddition. The binding
groups to the main Bodipy skeleton presented different quantum yields and energy transfer amounts depending
on their conjugation structure and chromophores. Compound C4 including anthraquinone fragment and dual
Bodipy cores has the best energy transfer mechanism due to its more conjugated constructions. The conjugated
system among the aromatic groups in the neutral state that the anthraquinone core may act as an
electrochemical switch and allows it in both reduced states. On the other hand, compound C3 reached the
highest quantum yield and �uorescence intensity because of the triple Bodipy characteristic. The prepared
compounds having energy transfer principle can also be modi�ed by Knoevenagel reactions for the novel Bodipy
derivatives using Knorr pyrrole as the starting material that they could be open new research avenues in laser
dyes, optoelectronic devices, liquid crystals, sensors, photovoltaic cells, etc.
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Figure 1

The absorption spectra of A-Bodipy, C1, C2, C3 and C4 in acetone (1x10-6 M).

Figure 2

The �uorescence spectra of A-Bodipy, C1, C2, C3 and C4 in acetone (1x10-6 M), λex: 330 nm, slit: 8.
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Figure 3

The excitation spectra of A-Bodipy, C1, C2, C3 and C4 in acetone (1x10-6 M), λem: 505 nm, slit:5.
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