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INTRODUCTION

Because of high sensitivity, good selectivity, turn on-off
convertibility and ease of use, fluorescent sensors have caused
considerably concern1-4. Such a system generally consists of
two parts i.e., a binding site and a fluorescent part. During myriad
fluorescent parts, boradiazaindacenes (BODIPY) possess
remarkable properties such as high absorption coefficient, high
quantum yields, etc.5,6. Therefore, boradiazaindacenes are
widely applied as fluorescent probes for anions, cations and
neutral molecules. However, boradiazaindacenes-based
sensors have limited utility due to poor solubility in water7-9.
For most biological conditions good water solubility of probe
is essential. Considerable tactful synthetic methods have to
import the solubility by introducing hydrophilic groups within
the core structure of boradiazaindacenes10-12. Such synthetic
strategies are obviously strenuous and time-consuming to
obtain desired water-soluble analogues. As a result, it is nece-
ssary to develop novel recognition system of boradiazaindacenes
solution to circumvent redundancy synthetic difficulties. Sur-
factant solutions should be very competitive candidates in the
choice of sensing system13. Surfactant can reduce surface
tension and form micelle, which might facilitate water-soluble
capacity and enhancement of fluorescence intensity, namely
sensitizing effect14-16. In this paper, we have selected four sur-
factants, including myristyltrimethyl-ammonium bromide,
sodium dodecylbenzenesulphonate, sodium dodecylsulfate and
triton X-10017 in ordet to investigate the properties of 1. Results

Study on Fluorescence Properties of Boradiazaindacenes (BODIPY) in Different Surfactant Solutions

YONGJUN LV
1,2,*

1College of Material and Chemical Engineering, Sichuan University of Science and Engineering, Zigong 643000, Sichuan Province, P.R. China
2Key Laboratories of Fine Chemicals and Surfactants in Sichuan Provincial Universities, Zigong City, Sichuan Province, P.R. China

*Corresponding author: E-mail: yongjunlv@qq.com

Received: 18 July 2014; Accepted: 28 November 2014; Published online: 20 February 2015; AJC-16918

A novel yellow-green fluorescent BODIPY dye (1) was synthesized and its fluorescence properties were investigated in various surfactant
solutions, including myristyltrimethylammonium bromide, sodium dodecylbenzenesulphonate, sodium dodecylsulfate and triton X-100.
The results show that BODIPY dye (1) displays an obvious fluorescence sensitizing effect in the presence of myristyltrimethylammonium
bromide, which can be attributed to the entrance of 1 into myristyltrimethylammonium bromide micelle. Furthermore, there is a good
linear relationship between fluorescence intensity and myristyltrimethylammonium bromide concentration in the range of 0-2.1 × 10-3

mol/L, with the association constant of 3.71 × 104.

Keywords: Fluorescence, BODIPY, Surfactant, Sensitizing effect.

show that 1 illustrates dramatic sensitizing effect in myristy-
ltrimethylammonium bromide solution, while in other surfac-
tants 1 displays relative weak or no fluorescence enhancement.
myristyltrimethylammonium bromide is therefore potential for
a BODIPY sensing solution.

EXPERIMENTAL

All materials were purchased commercially and used
without further purification. 1H NMR and 13C NMR spectra
were using a Varian INOVA 400 MHz spectrometer. ESI-MS
were recorded using a Waters Micromass ZQ-4000 spectro-
meter. Fluorescence were recorded on a Perkin Elmer LS55
spectrometer. Surfactant solutions of 1 were made as follows.
3.1 × 10-6 mol/L of 1 (0.20 mL) in CH3CN was firstly added to
5mL volumetric flask and then CH3CN solvent was removed
by N2 flow. Surfactants in corresponding concentration were
added and stirred to garner target solutions.

Compound 1 was prepared according to the synthetic
route, as shown in Fig. 118. 4-Bromobenzoyl chloride (5.8 g,
0.026 mol) and 2,4-dimethylpyrrole (5 g, 0.05 mol) were
refluxed in CH2Cl2 under N2. Triethylamine (15 mL, 0.11 mol)
followed by BF3Et2O (15 mL, 0.12 mol) was added and continued
stirring for additional 3 h. The reaction mixture was washed with
0.1 M NaOH solution and water thoroughly. Combined organic
layers were dried over MgSO4, filtered and evaporated. The
crude product was purified by silica gel column chromato-
graphy using hexane/dichloromethane (1:1) to afford 1 as a
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red solid. Compound 1: Yield 30 %. m.p. = 176-177 °C. ESI-
MS: 403.1 [M + H]+. 1H NMR (400 MHz, CDCl3): δ = 1.392 (s,
6 H, 2 CH3), 2.530 (s, 6 H, 2 CH3), 5.970 (s, 2 H, 2 CH), 7.158
(d, J = 6.4 Hz, 2 H, ArH), 7.624 (d, J = 6.4 Hz, 2H, ArH). 13C
NMR (100 MHz, CDCl3): δ = 14.63, 121.42, 123.23, 129.79,
131.14, 132.42, 133.92, 139.98, 142.89, 155.87.

Fig. 1. Synthetic route of BODIPY dye 1 [Ref. 18]

RESULTS AND DISCUSSION

The fluorescent properties of 1 were studied by emission
spectra in different surfactants with excitation at 490 nm. Com-
pound 1 itself displayed a yellow-green fluorescence centered
at 510 nm, with a nice mirror symmetry with the lowest-energy
absorption band at 490 nm, in keeping with classical BODIPY
derivatives. As shown in Fig. 2, fluorescence spectra of 1
changed with different surfactant solutions. About 3-6 nm red-
shift of the maximum were observed in four surfactants, which
could be assigned to the stronger polarity of surfactant solutions
than CH3CN19. Moreover, intensity at 513 nm increased by
11-fold in myristyltrimethylammonium bromide solution.
Fig. 3 illustrated the intensity gradually increased along with
increasing the concentration of myristyltrimethylammonium
bromide. When the concentration reached 2.1 × 10-3 mol/L,
closely to critical micelle concentration20, intensity value was
almost constant. This might be due to the formation of myristyl-
trimethyl-ammonium bromide micelle, allowing the entrance
of BODIPY molecule, which rendered fluorescence signifi-
cantly enhancing. The intensity is in good line with myristyl-
trimethylammonium bromide concentration in the range of 0-2.1
× 10-3 mol/L, with the association constant (KM) of 3.71 × 104.

By contrast, sodium dodecylbenzenesulphonate only
induced 3-fold fluorescence enhancement in Fig. 4a. Asso-
ciation constant (KS = 1.22 × 103) was smaller than KM. This
order might be ascribed to the looser structure of myristyl-
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Fig. 2. Fluorescence spectrum of 1 (1.24 × 10-6 M) in various surfactant
solutions 2.1 × 10-3 M
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Fig. 3. Fluorescence spectrum of 1 (1.24 × 10-6 M) in myristyltrimethyl-
ammonium bromide solutions from 0 to 2.5 × 10-3 M; Inset:
Intensity changes as a function of [myristyltrimethylammonium
bromide] monitored at 513 nm

trimethylammonium bromide micelle than sodium dodecyl-
benzenesulphonate micelle21, which would favor the approach
of BODIPY. As for sodium dodecylsulfate and X-100, there
was only a small red-shift and no obvious intensity change in
Fig. 4b and 4c.
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Fig. 4. Fluorescence spectrum of 1 (1.24 × 10-6 M) in various surfactant solutions from 0 to 2.1 × 10-3 M
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The influences of temperature, equilibration time and light
application time on the fluorescence intensity of 1 in myristyl-
trimethylammonium bromide solution were also conducted
in Fig. 5. The intensity remained stable in the temperature range
of 15-40 °C and it decreased at high temperature inducing
fluorescence quenching. The equilibrium between BODIPY
and myristyl-trimethylammonium bromide could rapidly attain
after 20 min. Besides, this mixture exhibited basically stable
intensity even exposure for 4 h. This stability was likely related to
the protection of BODIPY molecule given by myristyltrimethyl-
ammonium bromide micelle. Thus surfactant-containing system
has the potential to be utilized in the field of fluorescence sensing
and recognizing. Further work to that goal is now in progress.

Conclusion

In summary, a BODIPY dye was constructed and its
fluorescence characteristics in four surfactant solutions were
studied. 1 suggested 11-fold fluorescence enhancement in the
myristyltrimethylammonium bromide solution, resulting from
the entrance of 1 into the myristyltrimethylammonium bromide
micelle. Furthermore, fluorescence intensity and myristyltri-
methylammonium bromide concentration revealed a good linear
relationship in the range of 0-2.1 × 10-3 mol/L. Association
constants were calculated in the order: KM > KS, which indi-
cated that 1 was inclined to enter a looser myristyltrimethyl-
ammonium bromide micelle compared to sodium dodecyl-
benzenesulphonate micelle. Furthermore, 1-MTAB system
remained stable at room temperature, rapidly equilibrated and
remained light-stable. Thus, such a surfactant-containing
solution would be a good alternative to evade sophisticated
synthesis. Further work to explore the potential is under way.

ACKNOWLEDGEMENTS

The authors thank the Scientific Research Fund of Sichuan
University of Science and Engineering (2012RC02) and fund

of Key Laboratories of Fine Chemicals and Surfactants in
Sichuan Provincial Universities (2014JXY01).

REFERENCES

1. K.P. Carter, A.M. Young and A.E. Palmer, Chem. Rev., 114, 4564 (2014).
2. D. Sareen, P. Kaur and K. Singh, Coord. Chem. Rev., 265, 125 (2014).
3. L.M. Hyman and K.J. Franz, Coord. Chem. Rev., 256, 2333 (2012).
4. P.M. Schäferling, Angew. Chem. Int. Ed., 51, 3532 (2012).
5. G. Ulrich, R. Ziessel and A. Harriman, Angew. Chem. Int. Ed., 47, 1184

(2008).
6. A. Loudet and K. Burgess, Chem. Rev., 107, 4891 (2007).
7. R. Yoshii, H. Yamane, A. Nagai, K. Tanaka, H. Taka, H. Kita and Y.

Chujo, Macromolecules, 47, 2316 (2014).
8. S. Zhu, J. Zhang, J. Janjanam, G. Vegesna, F.T. Luo, A. Tiwari and H.

Liu, J. Mater. Chem. B, 1, 1722 (2013).
9. T. Bura and R. Ziessel, Org. Lett., 13, 3072 (2011).
10. K. Peneva, G. Mihov, F. Nolde, S. Rocha, J.- Hotta, K. Braeckmans, J.

Hofkens, H. Uji-i, A. Herrmann and K. Müllen, Angew. Chem. Int.
Ed., 47, 3372 (2008).

11. M.V. Reddington, Bioconjug. Chem., 18, 2178 (2007).
12. H. Wang, Z. Lu, S.J. Lord, W.E. Moerner and R.J. Twieg, Tetrahedron

Lett., 48, 3471 (2007).
13. N.R. Jie, W.Y. Ling, H. Yu and Y. Cheng, Asian J. Chem., 24, 5011

(2012).
14. C. Bombelli, G. Caracciolo, P. Di Profio, M. Diociaiuti, P. Luciani, G.

Mancini, C. Mazzuca, M. Marra, A. Molinari, D. Monti, L. Toccacieli
and M. Venanzi, J. Med. Chem., 48, 4882 (2005).

15. E.H. Hill, H.C. Pappas and D.G. Whitten, Langmuir, 30, 5052 (2014).
16. J.J. Morelli and G. Szajer, J. Surfactants Deterg., 4, 75 (2001).
17. Y.H. Liu, H.W. Zhan and W.X. Ma, Asian J. Chem., 25, 2736 (2013).
18. M. Kollmannsberger, K. Rurack, U. Resch-Genger and J. Daub, J. Phys.

Chem. A, 102, 10211 (1998).
19. K. Rurack, M. Kollmannsberger and J. Daub, Angew. Chem. Int. Ed.,

40, 385 (2001).
20. A. Rauf, W. Rehman, M. Amanullah, A. Khan and M. Akram, Asian J.

Chem., 25, 559 (2013).
21. H. Topallar and B. Karadag, J. Surfactants Deterg., 1, 49 (1998).

F
lu

o
re

sc
en

ce
 in

te
ns

ity
 (

a.
u.

)

(a) (b) (c)

600

500

400

300

200

600

500

400

300

200
0 1 2 3 4 5 0 1 2 3 4

Time (h) Time (h)

0  10 20 30 40 50 60

Temperature (°C)

Fig. 5. Effect of temperature (a), equilibrium time (b) and sunlight time (c) on the fluorescence intensity of 1 (1.24 × 10-6 M) in the myristyltrimethylammonium
bromide  solution 2.1 × 10-3 mol/L
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