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A naked-eye fluorescent sensor for copper(i) ions
based on a naphthalene conjugate Bodipy dye+t

Canan Baslak and Ahmed Nuri Kursunlu*

A novel naphthalene-Bodipy dye (N-Bodipy) was designed, prepared and characterized. N-Bodipy
showed a selective and sensitive recognition toward Cu(i) ions as a fluorescent antenna group in aceto-
nitrile/water over other metal cations. The complexation between Cu(i) ions and N-Bodipy gave a specific
color change as well as caused fluorescence quenching under long-wavelength light (365 nm). The
remarkable quenching effect in fluorescence intensity centered at 538 nm was only observed in the pres-
ence of copper(i) ions. Moreover, the orange color of N-Bodipy solution turned pale-yellow depending
on the complexation effect in daylight. The complex stoichiometry was determined using a Job's plot and
it was found to be 2:1 (ligand/metal). The binding constant was calculated with the Benesi—Hildebrand
equation to be 1.39 x 10'° M~ and the detection limit was 1.28 pM (LOD = 3a/slope, « is the standard
deviation) for Cu(i). The data proved that the binding between N-Bodipy and Cu(i) is chemically

rsc.li/pps reversible.

Introduction

The selective detection of heavy metals is very important for
environmental chemistry, medicinal chemistry and biochemis-
try. Copper is one of the most abundant among the essential
transition metals in the human body. So, the copper ion has a
crucial role in various physiological processes due to its cata-
lytic and oxidative properties in living organisms." However,
the excess of copper ions can cause oxidative stress and neuro-
degenerative diseases including Alzheimer’s, Parkinson’s and
Menkes. The copper ion can catalyze the formation of reactive
oxygen species and its toxic nature damages the structures of
lipids, nucleic acids, and proteins."”” Moreover, copper ions
can also cause pollution in drinking water. The highest level
of copper contaminants allowed by the United States
Environmental Protection Agency in drinking water is 1.3
mg L™ (~1 ppm).® Therefore, the detection and removal of
copper ions is a critical problem. Many detection methods have
been used for this such as atomic absorption spectrometry,™
voltammetric techniques,” inductively coupled plasma-atomic
emission spectrometry (ICP-AES)° and fluorescence spec-
troscopy.” The standard instrumental techniques are expensive
and not generally suitable for many applications,®*® and it
becomes important to find alternative ways for determination
of heavy-metal ions. The use of fluorescence spectroscopy is an
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alternative method which has many advantages such as being
low-cost, convenient, sensitive, having high selectivity for
specific materials, having a broad analyte scope and simple
operation.'®*® Many reports based on fluorescence quenching
sensors (turn-off sensors) for the detection of copper ions are
available in the literature.”"

A general view for the determination of metal ions using
fluorescence sensors is based on the combination of metal
ions and a fluorophore. When the metal ions interact with the
donor atoms of the fluorophore it results in a change in fluo-
rescence intensity or in the maximum peak wavelength of the
fluorophore. The change in the fluorescence intensity may be
either in the form of a decrease (quenching, turn off) or
increase (turn-on) for fluorescence sensor processes. The
quenching effect occurs generally by a charge or energy trans-
fer between the quencher (copper(u) ion) and the fluorophore.

Boron-dipyrromethene (Bodipy) dyes have been generally
chosen as an antenna group for fluorescence sensor studies
due to several reasons such as their good quantum yields in
non-polar solvents, remarkable molar absorption coefficients
and clear fluorescence peaks.*” Therefore, these substances
are also widely used in anion determinations as pH indicators
and metal sensors based on photoinduced electron transfer
(PET) and intramolecular charge transfer (ICT) mechanisms.>
There are various Bodipy-based fluorescent sensors for the
detection of copper ions owing to the intrinsic fluorescence
quenching property of Cu(u), and most of the research studies
are based on fluorescence “on-off” behavior.>>*

This paper reports that the binding properties of metal ions
[Ag(1), Ca(u), Cr(ur), Co(u), Cu(u), Fe(u), Fe(u), Hg(u), K(1), Mg(w),
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Mn(u), Ni(u), Pb(u), and Zn(u)] were investigated toward
N-Bodipy, but only the Cu(u) ion causes a remarkable quench-
ing effect. This result can be explained with the photoinduced
electron transfer (PET) mechanism from N-Bodipy to the Cu(u)
ion. Thus, N-Bodipy can be considered as a selective and sensi-
tive fluorescent probe for copper(u) ions.

2. Experimental

2.1. Materials and instruments

"H, PC-NMR, ""B-NMR '’F-NMR spectra were recorded at r.t.
on Varian 400 MHz and Bruker 400 MHz spectrometers in
CDCl; (ESIt). The melting point of compounds was measured
on a Gallenkamp apparatus. Infrared measurements were per-
formed on a Bruker Fourier Transform Infrared FTIR (ATR).
UV-vis curves were obtained by using a PerkinElmer Lambda
25 UV-vis spectrophotometer. The emission data (slits: 5 nm)
were obtained on a PerkinElmer LS 55 fluorescence spectro-
photometer in a fixed excitation. All measurements were
carried out at 298 K. The elemental analyses results were
obtained from a TruSpec elemental analyzer. Thin layer
chromatography plates were supplied from Merck (silica gel 60
F254 on aluminum). The synthesis of all compounds was
carried out under a nitrogen atmosphere. The solutions of
metal ions were prepared by using their chloride salts. All
chemicals were supplied from Fluka, Fisher Scientific (USA)
and Acros Organics (USA), and Aldrich and used without
purification.

2.2. Synthesis of compounds

2.2.1. Synthesis of 8-{4-(chloromethyl)phenyl}-2,6-diethyl-
4,4-difluoro-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene
(chloromethyl-Bodipy).  4-(Chloromethyl)benzoyl chloride
(3.750 g, 0.02 mol) was dissolved in dry dichloromethane
(100 mL) and this solution was added dropwise to a dichloro-
methane solution of 2,4-dimethyl-3-ethylpyrrole (5.4 mL,
0.04 mol) at r. t. under N,. The mixture was stirred at 60 °C for
2 h. Then, the solution was cooled to room temperature and
triethylamine (TEA) (5 equiv.) was injected with a syringe. The
mixture was stirred at r.t. for 30 min under N, and then boron
trifluoride diethyl etherate (7 equiv.) was dropwise added.”?
After the refluxing of the solution for 2 h and evaporating the
solvent, the raw product was purified by column chromato-
graphy (petroleum ether-EtOAc in 8:1 ratio). A red solid
(3.35 g, yield 40%). M.P.: 188 °C. 'H NMR [400 MHz, CDCl;]:
7.40 (d, PhH, 2H), 7.19 (d PhH, 2H), 4.61 (s, -CH,, 2H), 2.42 (s,
-CH3, 6H), 2.20 (q, -CH,, 4H), 1.26 (s, -CH3, 6H), 0.91 (t,
-CH;, 6H). >C NMR [100 MHz, CDCL;]: § (ppm); 154.01,
138.99, 138.21, 135.93, 135.44, 133.01, 130.98, 128.81, 129.11,
4577, 16.92, 14.51, 12.73, 11.88. Anal. calc. for (%)
C,,H,sN,F,CIB: C, 67.22; H, 6.57; N, 6.52; found: C, 66.87; H,
6.55; N, 6.33. MS for C,,H,sN,F,CIB m/z: 428.1 [M + H]".

2.2.2. Synthesis of 8-{4-(azidomethyl)phenyl}-2,6-diethyl-
4,4-difluoro-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene
(azidomethyl-Bodipy).  Chloromethyl-Bodipy (188  mg,
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0.44 mmol), LiBr (174 mg, 0.44 mmol) and NaNj; (340 mg,
2.6 mmol) in DMF (10 mL) were mixed at r.t. for 24 h under
N,, and then H,O (45 mL) was added. The aqueous layer
was extracted with ethylacetate and the organic phase was
dried with MgSO,, filtered, and concentrated. Column
chromatography (SiO,; CH,Cl,) gave 7 (278 mg, 97%) as a
dark-red solid that was used as received. M.P.: 140 °C.
'H-NMR [400 MHz, CDCl;]: 7.43 (d, PhH, 2H), 7.31 (d, PhH,
2H), 4.46 (s, -CH,, 2H), 2.55 (s, -CH3, 6H), 2.30 (q, -CH,,
4H), 1.26 (s, -CH;, 6H), 1.02 (t, -CH;, 6H). *C NMR
[100 MHz, CDCl;]: § (ppm); 153.22, 139.33, 138.12, 136.17,
135.53, 132.81, 130.62, 128.32, 128.18, 55.19, 17.44, 15.14,
12.32, 11.99.

2.2.3. Synthesis of 8-{4-(aminomethyl)phenyl}-2,6-diethyl-
4,4-difluoro-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene
(aminomethyl-Bodipy). A mixture of azidomethyl-Bodipy
(435 mg, 1 mmol) and PPh; (1 mmol, 262 mg) in dry THF
(20 mL) was stirred for 5 h at room temperature under Ar, and
then H,O (2 drops) was added. This mixture was stirred over-
night and the solvent was evaporated. Column chromato-
graphy (SiO,; DCM/MeOH: 10/1) offered aminomethyl-Bodipy
(298 mg, 73%) as a red solid. M.P.: 170 °C.

'H-NMR [400 MHz, CDCl,]: 7.43 (d, PhH, 2H), 7.25 (d, PhH,
2H), 4.02 (s, -CH,, 2H), 2.55 (s, -CH,, 6H), 2.35 (q, -CH,, 4H),
1.22 (s, -CHj3, 6H), 1.0 (t, -CH3, 6H). *C NMR [100 MHz,
CDCL]: & (ppm); 154.22, 142.33, 139.82, 137.17, 134.83,
132.99, 130.76, 128.32, 128.00, 46.22, 17.34, 14.84, 12.42,
12.02.

2.2.4. Synthesis of  8-{4-((E)-1-((methylimino)methyl)
naphthalen-2-ol)phenyl}-2,6-diethyl-4,4-difluoro-1,3,5,7-tetra-
methyl-4-bora-3a,4a-diaza-s-indacene (N-Bodipy). Aminomethyl-
Bodipy (0.409 g, 1 mmol) was dissolved in methanol (10 mL)
and added dropwise to a solution of 2-hydroxy-1-naphth-
aldehyde (0.122 g, 1 mmol) in methanol (10 mL). The mixture
was stirred at r.t. overnight. After the evaporation of the solvent,
the raw product was purified on a column. An orange-red
solid (516 mg, yield 92%). M.P.: 295 °C. "H-NMR [400 MHz,
CDCL]: 11.55 (bs, -OH, 1H), 8.75 (s, N=CH, 1H), 7.45 (m,
PhH, 4H), 7.28 (m, PhH, 4H), 7.18 (d, PhH, 2H), 4.70 (s, -CH,,
2H), 2.55 (s, -CH3, 6H), 2.35 (q, -CH,, 4H), 1.22 (s, -CH3, 6H),
1.0 (t, -CH;, 6H). "*C NMR [100 MHz, CDCl;]: 6 (ppm):
165.21, 155.32, 141.98, 138.85, 137.61, 136.32, 136.19, 134.42,
132.96, 132.81, 131.55, 130.61, 128.02, 127.21, 125.11, 124.53,
62.22, 17.49, 14.77, 12.22, 11.99. Anal. calc. for (%)
C;35H36BF,N;0: C, 74.60; H, 6.44; N, 7.46; found: C, 74.97; H,
6.88; N, 7.32. MS for C35H;BF,N;0 m/z: 564.1 [M + H]". MS
for the N-Bodipy/Cu(u) complex C,,H;(B,F4NgO, m/z: 1253.2
[M + H]" (Scheme 1).

3. Results and discussion

The changes in melting points can be explained with the
increasing molecular weight and more intermolecular inter-
actions. All changes in the melting point primarily prove the
synthesis of the target compounds.

This journal is © The Royal Society of Chemistry and Owner Societies 2018
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Scheme 1 The synthesis procedure of N-Bodipy.

The design of the target compound (N-Bodipy) was firstly
decided due to the cheaper practical synthesis, and high yield
of aminomethyl-Bodipy through bridge-CH, units. However,
bridge-CH, did not affect the fluorescence character of the
target Bodipy and energy transfer. To the best of our knowl-
edge, the obtained Bodipy derivative has some advantages
such as usability as a metal-trap and the excellent ligand
nature of Schiff bases. So, Cu(u) was easily encapsulated by the
ligand due to its electron-donor groups and the best result was
observed only in 3 minutes.

The NMR spectra of all compounds were given in the ESL{
The aliphatic protons (CH,’s and CHj’s) on the Bodipy core
appeared between 2.5 and 1 ppm in the spectra of all com-
pounds. The CH, protons around 4-5 ppm are crucial for the
synthesis of chloromethyl-Bodipy, azidomethyl-Bodipy and
aminomethyl-Bodipy. So, these protons were observed at 4.63,
4.46 and 4.02 ppm as singlets, respectively. The same peak was
observed at 4.70 ppm in the 'H-NMR of N-Bodipy and the CH
proton of the Schiff base appeared at 8.75 ppm in the singlet
form. Moreover, the aromatic protons overlapped in the multi-
plet form between 7 and 8 ppm. "*C-NMR spectra of com-
pounds show parallel results that the carbon signals of ali-
phatic groups appeared around 0-20 ppm while aromatic moi-
eties’ carbon gave a lot of peaks between 120 and 160 ppm.
The bridge CH,' signals were observed at 45, 55, 46 and
62 ppm for chloromethyl-Bodipy, azidomethyl-Bodipy, amino-
methyl-Bodipy and N-Bodipy, respectively. The most specific
peak of N-Bodipy is the carbon signal of the C=N fragment
occurred following Schiff base condensation which appeared
at 165 ppm.

In the FT-IR spectrum of azidomethyl-Bodipy, the bands
appeared at 2961 ecm™', 2868 cm ™", 1650 cm ™', 1542 cm™" and
1475 cm™" which can be attributed to aromatic vC-H, aliphatic
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vC-H, imine vC=N, and alkene vC=C, respectively (ESI). For
azidomethyl-Bodipy, the most specific peak was observed at
2092 cm™" and the peak assigned to the N=N stretching of
the azido fragment. This peak disappeared in the infrared
spectrum of aminomethyl-Bodipy after the conversion of the
azido unit. Instead of this stretching, the N-H vibration was
observed at 3404 cm™" as a smaller peak. Other peaks slightly
shifted to higher or lower frequencies. The FT-IR spectrum
of N-Bodipy shows a new sharp band assigned C=N vibration
at 1631 cm ™. As can be seen in the FT-IR spectrum, the N-H
peak disappeared. Finally, the C=N band permanently shifted
toward 1608 cm ™" in the FT-IR spectrum of the N-Bodipy/Cu()
complex.

The spectroscopic experiments of N-Bodipy are performed
by UV-Vis and fluorescence spectroscopy. The UV-vis curves of
N-Bodipy are obtained in the presence of some metal cations.
The absorption spectra (Fig. 1) display that N-Bodipy has
exhibited a specific major visible absorption band at 516 nm.
When 20 equiv. of other metal cations were added, an impor-
tant effect was not observed. However, the Cu(u) ion caused a
crucial quenching in the absorption band of N-Bodipy as
shown in Fig. 1. According to the absorption data, N-Bodipy
has a good selectivity for the copper(u) ion over the other used
metal ions.

The spectroscopic properties and the selective fluoroiono-
phoric properties of N-Bodipy were initially investigated
toward some transition metal ions such as Ag(1), Al(m), Cd(u),
Co(u), Cr(m), Cu(u), Fe(m), Hg(u), Mn(u), Ni(u), Pb(u), Sn(u),
Vo(u), and Zn(u). Upon increasing the amount of metal ions,
the intensity of the emission band at =538 nm decreased
(Fig. 2). As shown in Fig. 2, Cu(u) caused an important differ-
ence in the emission of N-Bodipy while no remarkable change
was observed for the studied metal cations. By the interaction

Photochem. Photobiol. Sci., 2018, 17, 1091-1097 | 1093
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Fig. 1 The absorption spectra of N-Bodipy (5 x 107% M in acetonitrile/
H,O (8:2)) in the presence of different metal ions (Ag(), Al(m), Cd(n),
Cof(n), Cr(m), Cu(n), Fe(m), Hg(n), Mn(u), Ni(), Pb(i), Sn(n), Vo(n), and Zn(n)
(20 equiv.)) in acetonitrile/H,O (8 : 2).
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Fig. 2 The fluorescence intensities of N-Bodipy (5 x 107® M in aceto-
nitrile/H,O (8:2)) in the presence of different metal ions (Ag(), Al(i),
Cd(n), Co(n), Cr(m), Cu(n), Fe(m), Hg(), Mn(u), Ni(n), Pb(i), Sn(i), Vo(i), and
Zn(1) (20 equiv.)) in acetonitrile, lex: 470 nm, slit: 5 nm. (a) N-Bodipy/
Cu(n) mixture and (b) N-Bodipy under long-wavelength 365 nm and day-
light, respectively.

of the copper ion with N-Bodipy, the emission band appeared
at 538 nm. The emission intensity reached a minimum with
20.0 equivalents of Cu(u). These observations indicate that
N-Bodipy is highly selective for the Cu(u) ion. The fluorescence
quenching effect can be explained with a reversible PET
(photoinduced electron transfer)*® from the Schiff base based
on Bodipy to the Cu(i) ion.>

In order to determine the metal-ligand ratio of the
N-Bodipy/Cu(u) complex, the Job plotting method was used.
The Job’s graph shown in Fig. 3 for the N-Bodipy/Cu(u)
complex that represented a maximum for the absorption
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Fig. 3 Job plot of the N-Bodipy/Cu(i) complex in acetonitrile, keeping
the total concentration of N-Bodipy and Cu(n) [acetonitrile/H,O (8 : 2)].

bands around 0.33 mole fraction of Cu(u) to N-Bodipy indi-
cated 2 : 1 formation for the ligand/metal ratio.

We have also investigated the concentration effect on the
fluorescence intensity of N-Bodipy (Fig. 4). As seen in Fig. 4,
the fluorescence intensity of N-Bodipy decreased with the
increasing concentration of Cu(u) but there is no shift in the
emission wavelength of N-Bodipy. The peak intensity is com-
pletely quenched when the maximum copper concentration is
used. This quenching effect is achieved by the charge transfer
between imine-nitrogen/oxygen atoms of N-Bodipy and the
metal. The binding constant for the metal and the ligand
(N-Bodipy) was calculated by using the graph shown in Fig. 5
and the Benesi-Hildebrand equation (eqn (1)):

1/(F = Fo) = 1/{K(Fmax — Fo) [M]"} + 1/[Fmax — Fo] (1)

1500

;

Fluorescence Intensity
1

0 : : - T = T
450 500 550 600 650
Wavelength (nm)

Fig. 4 The fluorescence intensities of N-Bodipy (5 x 107 M) in the
presence of different concentrations (1 x 107>, 2 x 1075, 3 x 107>, 4 x
107°%,5x107%, 6 x 107, 1 x 107, 2.5 x 10~* M) of Cu(i) metal ions (20
equiv.) in acetonitrile/H,O (8: 2), lem: 538 nm, slit: 5 nm.
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Fig. 5 Benesi—Hildebrand plot of N-Bodipy with Cu(i) in acetonitrile.
The excitation wavelength was 400 nm and the observed wavelength
was 538 nm [acetonitrile/H,O (8:2)]. The binding constant was 1.39 x
10° M for Cu(n) binding in N-Bodipy.

where F, is the fluorescence intensity of the ligand in the
absence of the metal ion and F is the fluorescence intensity
in the presence of the metal ion. Fy,.x is the fluorescence
intensity in the presence of added [M]pa.x (max. metal
concentration) and K is the association constant (M~?).
The association constant (K,) could be determined from
the slope of the linear graph of 1/(F — F,) against 1/[M]"
(Fig. 5).

The binding constant (K) was graphically calculated by
plotting 1/(I, — I) against 1/[Cu(u)] (Fig. 5). The binding con-
stant (K) of Cu(u) binding in N-Bodipy was found to be
1.39x 10" M2,

The limit of detection (LOD) of N-Bodipy for Cu(u) was
determined from the following equation:

LOD = 3a/K

where a is the standard deviation of the blank solution; K is
the slope of the calibration curve.

The detection limit of N-Bodipy towards the Cu(u) cation
was found to be 1.28 uM. This value is within the United
States Environmental Protection Agency’s copper limit for
drinking water.

The experiments on the competing ions were performed
in the presence of the Cu(u) ion (1 x 107" M) mixed with
Ag(1), Al(ur), Cd(u), Co(u), Cr(m), Fe(ur), Hg(u), Mn(u), Ni(u),
Pb(u), Sn(m), Vo(u), and Zn(m) at 1 x 10~* M concentration
(Fig. 6). The competing ions have a similar effect on the
fluorescence property that was caused by Cu(u) alone.
The fluorescence change is observed only when Cu(u) was
mixed with Fe(m), which indicates that Fe(in) competes with
Cu(u) for binding with N-Bodipy. It is found that the
other metal ions have no effect on the binding of N-Bodipy
with Cu(u). Accordingly, these results confirm that N-Bodipy
can behave as a selective fluorescent sensor towards
the Cu(u) ion in the presence of most competing metal ions
too.

This journal is © The Royal Society of Chemistry and Owner Societies 2018
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Fig. 6 The changes of the maximum fluorescence peaks of N-Bodipy
(5 x 107® M acetonitrile/H,O (8:2)) in the presence of both Cu(i) and
the competing metal ions (20.0 equiv.), Zem: 510 nm.

As is known, the response time for a lot of fluorescent
chemosensors is one of the most important factors. A sensing
response time of N-Bodipy was recorded for Cu(u) ions at
various times (1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 20 minutes) and
the fluorescence intensities (a.u.) are shown in Fig. 8 as a color
wheel. By the addition of copper solution, the portions in the
color wheel quickly decreased depending on the quenching in
the fluorescence intensity of N-Bodipy. While the fluorescence
intensity is higher in the free ligand form, the complexation
effect caused a lower fluorescence intensity. The quenching
effect almost stopped after three minutes, and the fluo-
rescence intensity continued with a stable value through the
increasing time. The response time experiment shows a
perfect result for selective sensors that N-Bodipy may be used
in the range of 1-5 min for the Cu(u) ion (Fig. 7).

Moreover, to determine the sensing level of N-Bodipy at
the physiological level, the effect of pH of the free ligand and
N-Bodipy complex on the fluorescence spectra was investi-
gated at different pH values (5-10). As shown in Fig. 8, the
fluorescence intensity of N-Bodipy quickly decreased in
acidic medium (pH: 5-6) while no obvious fluorescence
change was observed in higher pH values, indicating that the
sensor was stable in a wide range of pH. The emission inten-
sity of N-Bodipy in the presence of the Cu(u) ion was seen to
change depending on the pH value, and the N-Bodipy/Cu(u)
complex remains in a stable form in the pH range of 5.0-8.0.
Then, basic medium caused the decomposition of the
target complex and the fluorescence character of N-Bodipy
re-emerged. In a highly basic medium, OH ions and
N-Bodipy compete for the Cu(u) ion. It induces the metal
ion precipitation; therefore, the emission intensity
slightly re-increased. These results prove that N-Bodipy exhi-
bits a satisfactory Cu(u) sensing ability in the physiological
pH range.

Photochem. Photobiol. Sci., 2018, 17, 1091-1097 | 1095
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Fig. 7 The effect of the response time (1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 20 minutes) on the fluorescence intensity of N-Bodipy [5 x 10~ M in aceto-
nitrile/H,O (8 : 2)] by the addition of the Cu(i) ion [1 x 10~* M in acetonitrile/H,O (8 : 2)] (Aem, max: 538 nm).

¥ N-Bodipy
@ N-Bodipy/ Cu(ll)

g &

Fluorescence Intensity

2
300, @
200|? e o o B
100 ¢
s § o o o o o o o
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Fig. 8 The effect of pH (range of pH: 5-10) on the fluorescence inten-
sity of N-Bodipy [5 x 10® M in acetonitrile/H,O (8 : 2)] by the addition of
the Cu(i) ion [1 x 10™* M in acetonitrile/H,0 (8 : 2)] (Aem: 538 nm).

Conclusion

In conclusion, we have prepared and characterized a new fluo-
rescent dye based on naphthalene and Bodipy that can achieve
the detection of Cu(n) using appropriate donor atoms. The
selective binding of N-Bodipy to Cu(u) caused immediate and
remarkable fluorescence quenching without the change of the
emission wavelength, which proved that N-Bodipy could serve
as a sensitive and selective colorimetric/fluorometric sensor of
Cu(u). The 2:1 complex stoichiometry between N-Bodipy and
Cu(m) was proposed using a Job’s plot and the association con-
stant was 1.39 x 10'° M™" and the detection limit was 1.28 pM.

Furthermore, the colorimetric and fluorometric sensor,

1096 | Photochem. Photobiol. Sci., 2018, 17, 1091-1097

N-Bodipy, can be used to detect Cu(u) in half-water samples
with high accuracy in a lot of experiments, suggesting its
quality and importance in removal and detection in the future.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

We thank the Research Foundation of the Selcuk University
(BAP) for financial support of this work (under project
number: 15401013). The authors express their appreciation to
Prof. Dr Ersin Giiler for helpful discussions.

References

1 K. Mariappan, M. Alaparthi, G. Caple, V. Balasubramanian,
M. M. Hoffman, M. Hudspeth and A. G. Sykes, Selective
Fluorescence Sensing of Copper(II) and Water via
Competing Imine Hydrolysis and Alcohol Oxidation
Pathways Sensitive to Water Content in Aqueous
Acetonitrile Mixtures, Inorg. Chem., 2014, 53, 2953-2962.

2 C. Y. Chou, S. R. Liu and S. P. Wu, A highly selective turn-
on fluorescent sensor for Cu(II) based on an NSe2 chelating
moiety and its application in living cell imaging, Analyst,
2013, 138, 3264-3270.

3 EPA National Primary Drinking Water Regulations, http:/
water.epa.gov/drink/contaminants/index.cfm#1  (accessed
Dec 4, 2012).

This journal is © The Royal Society of Chemistry and Owner Societies 2018



Photochemical & Photobiological Sciences

4

10

11

12

13

14

15

16

A. P. S. Gonzales, M. A. Firmino, C. S. Nomura,
F. R. P. Rocha, P. V. Oliveira and I. Gaubeur, Peat as a
natural solid-phase for copper preconcentration and deter-
mination in a multicommuted flow system coupled to
flame atomic absorption spectrometry, Anal. Chim. Acta,
2009, 636, 198-204.

C. Shi, S. Xie and J. Jia, The Study of a New Method to
Determine Copper Ion by Square-Wave Voltammetry-
Extraction Iodometry at the Liquid/Liquid Interfaces, J. Autom.
Methods Manage. Chem., 2008, 2008, 453429-453433.

Y. Liu, P. Liang and L. Guo, Nanometer titanium dioxide
immobilized on silica gel as sorbent for preconcentration
of metal ions prior to their determination by inductively
coupled plasma atomic emission spectrometry, Talanta,
2005, 68, 25-30.

J. Zhanga, B. Zhaoa, C. Lia, X. Zhub and R. Qiao, A
BODIPY-based “turn-on” fluorescent and colorimetric
sensor forselective detection of Cu2+ in aqueous media
and its application in cell imaging, Sens. Actuators. B, 2014,
196, 117-122.

P. Anzenbacher, P. Lubal, P. Bucek, M. A. Palacios and
M. E. Kozelkova, A practical approach to optical cross-reac-
tive sensor arrays, Chem. Soc. Rev., 2010, 39, 3954-3979.

T. C. Pearce, S. S. Schiffman, H. T. Nagle and J. W. Gardner,
Handbook of Machine Olfaction: Electronic Nose Technology,
Wiley-VCH Verlag Gmbh & Co, KGaA, Weinheim, 2003.

0. R. Mi-randa, H. T. Chen, C. C. You, D. E. Mortenson,
X. C. Yang, U. H. F. Bunz and V. M. Rotello, Enzyme-
Amplified Array Sensing of Proteins in Solution and in
Biofluids, J. Am. Chem. Soc., 2010, 132, 5285-5289.

N. S. Lewis, Comparisons between Mammalian and
Artificial ~Olfaction Based on Arrays of Carbon
Black—Polymer Composite Vapor Detectors, Acc. Chem.
Res., 2004, 37, 663-672.

F. Rock, N. Barsan and U. Weimar, Electronic nose:
Current status and future trends, Chem. Rev., 2008, 108,
705-725.

A. T. Wright and E. V. Anslyn, Differential receptor arrays
and assays for solution-based molecular recognition, Chem.
Soc. Rev., 2006, 35, 14-28.

Y. Wu, N. Na, S. Zhang, X. Wang, D. Liu and X. Zhang,
Discrimination and identification of flavors with catalytic
nanomaterial-based optical chemosensor array, Anal.
Chem., 2009, 81, 961-966.

S. H. Lim, L. Feng, J. W. Kemling, C. ]J. Musto and
K. S. Suslick, An Optoelectronic Nose for Detection of Toxic
Gases, Nat. Chem., 2009, 1, 562-567.

L. Feng, C. J. Musto and K. S. Suslick, A Simple and Highly
Sensitive Colorimetric Detection Method for Gaseous
Formaldehyde, J. Am. Chem. Soc., 2010, 132, 4046-4047.

This journal is © The Royal Society of Chemistry and Owner Societies 2018

17

18

19

20

21

22

23

24

25

26

Paper

G. F. Nordberg, B. A. Fowler, M. Nordberg and L. Friberg,
in Handbook on the Toxicology of Metals, Academic Press,
Burlington, MA, 3rd edn, 2007.

P. Pohl, Determination of metal content in honey by
atomic absorption and emission spectrometries, 7rAC,
Trends Anal. Chem., 2009, 28, 117-128.

D. T. Quang and J. S. Kim, Fluoro- and chromogenic chemo-
dosimeters for heavy metal ion detection in solution and
biospecimens, Chem. Rev., 2010, 110, 6280-6301.

B. Valeur, Molecular Fluorescence: Principles
Applications, Wiley-VCH, Weinheim, Germany, 2001.
C. Chen, R. Wang, L. Guo, N. Fu, H. Dong and Y. Yuan, A
squaraine-based colorimetric and “turn on” fluorescent
sensor for selective detection of Hg2+ in an aqueous
medium, Org. Lett., 2011, 13, 1162-1165.

(@) N. Dorh, S. Zhu, K. B. Dhungana, R. Pati, F. T. Luo,
H. Liu and A. Tiwari, BODIPY-Based Fluorescent Probes for
Sensing Protein Surface-Hydrophobicity, Sci. Rep., 2015, 5,
18337; (b) B. Taner, A. N. Kursunlu and E. Giler,
Spectrochim.  Acta, Part A, 2014, 118, 903-907;
(c) A. N. Kursunlu, E. Guler, H. I. Ucan and R. W. Boyle,
Dyes Pigm., 2012, 94(3), 496-502; (d) M. Bayrakei,
A. N. Kursunlu, E. Giiler and S. Ertul, Dyes Pigm., 2013,
99(2), 268-274; (e) A. N. Kursunlu, Z. E. Koc, A. Y. Obali
and E. Giiler, J. Lumin., 2014, 149, 215-220.

(@) Y. Lv, W. Wei and Y. Xie, Bodipy-Phenol-Based Sensor
For Selectively Recognizing Three Basic Anions, J. Chil.
Chem. Soc., 2015, 60, 2843-2846; (b) M. Formica, V. Fusi,
L. Giorgi and M. Micheloni, New fluorescent chemosensors
for metal ions in solution, Coord. Chem. Rev., 2012, 256,
170; (¢) P. Hadi, P. Gao, J. P. Barford and G. Mckay,
J. Hazard. Mater., 2013, 252-253, 166-170; (d) G. Ambrosi,
E. Borgogelli, M. Formica, V. Fusi, L. Giorgi, M. Micheloni,
E. Rampazzo, M. Sgarzi, N. Zaccheroni and L. Prodi, PluS
Nanoparticles as a tool to control the metal complex stoi-
chiometry of a new thio-aza macrocyclic chemosensor for
Ag(1) and Hg(u) in water, Sens. Actuators, B, 2015, 207, 1035.
J. Zhang, B. Zhao, C. Lia, X. Zhu and R. Qiao, A BODIPY-
based “turn-on” fluorescent and colorimetric sensor forse-
lective detection of Cu2+ in aqueous media and its appli-
cation in cellimaging, Sens. Actuators, B, 2014, 196,
117-122.

X. Liu, X. Yang, H. Peng, C. Zhu and Y. Cheng, A fluo-
rescent sensor for Hg2+ and Ag+ functions as a molecular
switch based on click-generated triazole moiety,
Tetrahedron Lett., 2011, 52, 2295-2298.

X. Liu, X. Yang, Y. Fu, C. Zhu and Y. Cheng, Novel fluo-
rescent sensor for Ag+ and Hg2+ based on the BINOL-
pyrene derivative via click reaction, Tetrahedron, 2011, 67,
3181-3186.

and

Photochem. Photobiol. Sci,, 2018, 17, 1091-1097 | 1097



