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Abstract Two crown ethers carrying pyrene side arms
with nitrogen-sulfur donor atom were designed and syn-
thesized by the reaction of the corresponding macrocyclic
compounds and 1-bromomethyl-pyrene. The influence of
metal cations such as A>T, Zn?*, Fe?t, Fe*, Co?T, Ni%™,
Mn**, Cu®*, Cd**, Hg?" and Pb>" on the spectroscopic
properties of the ligands was investigated in acetonitrile-
tetrahydrofuran (1:1) by means of absorption and emission
spectrometry. Absorption spectra show isosbestic points in
the spectrophotometric titration of A13+, Zn2+, Fe”, N i2+,
Cu**, and Pb>" with 16-membered crown ether. Similar
results were obtained for A13+, Fe”, Hg”, Cu?" and Pb?*
with 14-membered crown ether. The results of spectro-
photometric titration experiments disclosed the complexa-
tion stoichiometry and complex stability constants of the
novel ligands with these cations. According to spectroflu-
orimetric titration measurements the 14-membered diaz-
adithia crown ether showed sensitivity for Pb>" with linear
range and detection limit of 1.3 x 107°t0 5.2 x 107> M
and 5.2 x 1077 M, respectively. The 16-membered diaz-
adithia crown ether showed sensitivity for Ni*™ with linear
range and detection limit of 1.3 x 1077 to 5.2 x 107° M
and 4.1 x 107% M, respectively.
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Introduction

Crown ethers discovered by Pedersen have been used in the
design of new chemosensors based on their unique ability
to bind metal cations sensitively and selectively [I1-5].
Oxygen donor atom carrying crown ethers shows affinity to
alkali and alkaline earth metal cations while nitrogen and
sulfur donor atoms carrying crown ethers are sensitive for
soft metal cations Cd*", Pb*", Ag", Cu®" and Hg*"[6, 7].
The detection of these cations in various media such as
biological material and environmental systems is particu-
larly important because of their toxic properties.
Fluorescent chemosensors are of great interest because
of their selectivity and sensitivity for the desired chemical
species [8—10]. Fluoroionophores consisting of a recogni-
tion part (ionophore) and a signaling part (fluorophore)
have been used to determine various cations. Such
molecular cation sensor has to bind desired cation selec-
tively among the other cations. On the other hand, the
signaling part is important for sensitivity of the sensor.
Recently, fluorescent macrocyclic ligands having a
simple spacer such as methylene group, connecting the
binding part and the signaling part, have been synthe-
sized [11, 12]. “Fluorophore-spacer-receptor” systems
have many advantages in monitoring the interaction of
cation-macrocycle. Upon cation binding the fluorescence
intensity of the fluorophore group may increase or
decrease. On the other hand, during the interaction of a
fluorescent sensor with the metal cation a red or blue
shift in the absorption and/or fluorescence spectra
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can be observed. Such photo-physical changes have been
explained with photoinduced charge transfer (PCT), pho-
toinduced electron transfer (PET) or excimer or exciplex
emission [13]. PET has been explored extensively in the
presence of metal cations in solution [14—16].

Pyrene and its derivatives have been used as signaling
groups in the design of fluorescent cation chemosensors
[17-19]. These groups have been shown to have very
interesting photo-physical properties. Fluorescent chemo-
sensors carrying pyrenyl-aza crown ether were developed
to determine metal cations. Such investigations also reveal
the complexation properties of the ligand with the cation.
Upon complexation, the chelation enhanced fluorescence
(CHEF) or chelation enhanced quenching (CHEQ) are
observed for these systems [20-22].

In the present study we report the preparation of two 14-
and 16-membered diazadithia crown ether ligands having
two pyrenyl sidearms, and present the complexation
properties of the ligands with a series of metal cations. Our
aim was to reveal the effect of crown cavity size of new
fluorescent ligands on the cation complexation properties
such as complex composition and complex stability con-
stant. Complex stability constant is an important parameter
to disclose the effectiveness of ligand in cation binding.
Therefore, we calculated the complex stability constants
and complex compositions of metal cations with the
ligands by using spectrophotometric titrations in acetoni-
trile-tetrahydrofuran solution (1:1). We propose 14-mem-
bered fluorescent ligand and 16-membered ligand for lead
and nickel determination, respectively.

Experimental
Chemicals

Acetonitrile and tetrahydrofuran from Merck (spectromet-
ric grade) were the solvents for absorption and fluorescence
measurements. All metal perchlorates purchased from
Acros were of the highest quality available and vacuum
dried over blue silicagel before use.

Apparatus

"H NMR spectra were recorded on a Varian 200 A spec-
trometer, using CDCl; with TMS as the internal reference.
IR spectra were recorded on a Perkin-Elmer 1600 FTIR
spectrophotometer using KBr pellets. Elemental analysis
was performed on Costech 4010 CHNS instrument. The
absorption spectra of the solutions were recorded using a
Thermo Evolution 60 model spectrophotometer. A Photon
Technologies International Quanta Master Spectrofluo-
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rimeter (model QM-4/2006) was used for all fluorescence
measurements.

Measurements

Stock solutions of the ligands were prepared in tetrahy-
drofuran and the ligand solutions used for titrations were
prepared from these solutions by dilution. Absorption
spectra of the ligands in acetonitrile-tetrahydrofuran (1:1)
containing 10 molar equivalents of AP +, Zn”, Fe2+, Fe3t,
Co**, Ni%*, Mn?T, Cu®*, Cd*™, Hg2+ and Pb>" cations
were measured using 1-cm absorption cell. The concen-
tration of each ligand was 1.3 x 107> M in these mea-
surements and this ligand concentration was used in the
spectrophotometric titrations. Fluorescence spectra of the
ligands in acetonitrile-tetrahydrofuran (1:1) containing 10
molar equivalents of A13+, Zn”, Fe”, Fe? +, C02+, Ni%t,
Mn°™, Cu”, Cd2+, Hg2+ and Pb>" cations were measured
using 1-cm quartz cell. The concentrations of ligands, L(1)
and L(2) for fluorescence measurements were 1.3 x
1077 M and 1.3 x 1078 M, respectively, and the excita-
tion wavelength was 345 nm for the ligands. Fluorescence
emission spectra were recorded in the range 370-450 nm
with slit width 1.0 nm.

The stoichiometry of the complexes was determined by
using the molar-ratio method from the data of spectropho-
tometric titrations. The stability constants were calculated
according to the procedure described in the literature [23].

Synthesis
Synthesis of (3)

1-Pyrene methanol (2.25 g, 9.69 mmol) and PBr;3 (1.05 g,
3.86 mmol) were refluxed in benzene (125 mL) for 4 h.
The reaction was monitored by TLC (silica gel, dichloro-
methane). The solution was extracted with diethyl ether:-
water (3:2) mixture, rinsed with water twice, and dried over
anhydrous magnesium sulfate. The solvent was then
removed under reduced pressure to yield 1-bromomethyl-
pyrene as a pale yellow solid. Yield (92.6%), m.p:
140-142 °C. '"H NMR (CDCI3): (8) 5.14 (s, 2H), 8.00-8.28
(m, 9H).

Synthesis of L(1)

Compound (1) [24] (0.09 g, 0.28 mmol) and 1-bromo-
methyl-pyrene (3) (0.50 g, 1.69 mmol) were dissolved in
100 mL of tetrahydrofuran:toluene (1:1) and purged under
nitrogen atmosphere in a Schlenk system connected to a
vacuum line. Triethylamine (1.01 g, 9.95 mmol) was
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added dropwise to this solution. The reaction mixture was
refluxed and stirred at reflux temperature for 30 h, moni-
tored by TLC [silica gel (n hexane:ethyl acetate) (1:1)]. At
the end of this period, the reaction mixture was filtered.
The filtrate was concentrated on an evaporator to 10 mL
and the solid formed was filtered off, then dried in vacuo. A
yellow solid product (yield 62.2%) was obtained by
recrystallization from ethanol-THF, mp 238-240 °C. Anal.
Calc. for CsoH4oNLS,: C, 82.28; H, 5.58; N, 3.69; S,
8.45%. Found: C, 82.15; H, 5.95; N, 3.52; S, 8.20%. IR
(KBr disc, cm™'): 3037 (Ar-H), 2917-2803 (C-H),
'"H-.NMR (CDCls): (8) 6.93-7.30 (m, 8H, macrocyclic
Ar-H), 7.98-8.66 (m, 18H, pyrene Ar-H), 4.14 (s, 4H,
pyrene-CH,), 3.80 (s, 4H, benzene-CH,), 3.00-3.08
(m, 4H, N-CH,), 2.71-2.79 (m, 4H, S-CH,). MS (EI):
miz = 759.22 [M]*.

Synthesis of L(2)

L(2) was prepared from compound (2) [24] (0.22 g,
0.61 mmol) and 1-bromomethyl-pyrene (3) (1.06 g, 3.62
mmol) in 71.2% yield by a method similar to that used for
L(1). The reaction mixture was refluxed and stirred at
reflux temperature for 60 h. A yellow solid product was
obtained by washing with hot acetone, mp 216-218 °C.
Anal. Calc. for Cs4Hy6N»S,: C, 82.40; H, 5.89; N, 3.56; S,
8.15%. Found: C, 82.34; H, 5.73; N, 3.81; S, 8.52%.
IR (KBr disc, cm_l): 3040 (Ar-H), 2928-2795 (C-H),
"H-NMR (CDCl3): (0) 6.86-7.26 (m, 8H, macrocyclic
Ar-H), 8.01-8.44 (m, 18H, pyrene Ar-H), 4.26 (s, 4H,
pyrene-CH,), 3.79 (s, 4H, benzene-CH,), 2.69-2.73 (m,
8H, N-CH, and S-CH,), 1.91 (m, 4H, C-CH,-C), MS
(EI): m/z = 787.33 [M]™.

Scheme 1 Synthetic pathway
to the new macrocyclic ligands
L(1) and L(2) used in this study

NH S

1) n=1
) n=2

Results and discussion
Characterization of the ligands

The synthetic pathway to new ligands L(1) and L(2) is
summarized in Scheme 1. Compounds (1) and (2) were
prepared according to the literature [24].

L(1) and L(2) were synthesized by the reaction of the
corresponding macrocyclic compounds with 1-bromo-
methyl-pyrene (3) in tetrahydrofuran:toluene (1:1). The
absence of the secondary amine band pertaining to the
starting materials in the IR spectra of the ligands with pyrene
side arm has supported the structures. In the 'H-NMR
spectrum of ligands, L(1) and L(2) the singlets (4H)
belonging to the methylene protons of pyrenyl groups were
observedaté = 4.14and 6 = 4.26 ppm, respectively. In the
"H-NMR spectrum of L(2), the multiplet at 5 = 1.91 ppm
(4H) belongs to C—CH,—C protons. On the other hand, the
mass spectral analysis of the ligands confirms the proposed
structures.

Absorption spectra

The absorption spectra of the ligands in acetonitrile-THF
(1:1) display the strong m—n* absorption bands at 300-
360 nm characteristic of the pendant pyrenyl groups
(Figs. 1 and 2). As seen from Fig. 1, L(1) possesses three
absorption bands at 314, 328 and 344 nm and the molar
absorption coefficients are 2.0 x 104, 4.9 x 10* 7.2 x
10* em™' M™!, respectively. L(2) (see Fig.2) also pos-
sesses three absorption bands at the same wavelengths
where the molar absorption coefficients are 1.9 x 107,
4.6 x 10%, 6.5 x 10 em™' M.
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Fig. 1 The effect of metal cations on the absorption spectra of the
ligand (1) in acetonitrile-tetrahydrofuran solution (1/1). Ligand
concentration = 1.3 x 107> M. Metal perchlorate concentrations =
1.3 x 107* M. a for A’*, Fe’*, Fe**, Cu®>", Hg>™ and Pb*". b for
Zn2+, C02+, Ni2+, Mn** and Cd**

Figure 1a shows the effect of 10 equivalent excess of
metal concentrations on the absorption spectra of the ligand
L(). The red shifts at all the absorption bands and
absorbance decreases at 344 nm are pronounced. Spectro-
photometric titration results show that these cations formed
stable complexes with L(1) except for Fe**. The most
significant red shift was observed for Hg>". As seen from
Table 1, Hg*" formed the most stable complex (the log K
value was 4.92 for Hg>™—L(1) complex) among the cations
with this ligand. Cu®*, Hg*", Pb*" AI’", Fe and Fe’"
ions caused a new broad absorption band at 376 nm. These
results show that these ions interact with pyrene groups of
the ligand (1).

The presence of 10 equivalents of Cd*", Co*", Ni*™,
Zn*" and Mn*" cations caused a decrease of absorption at
314, 328 and 344 nm (Fig. 1b). The decrease was less
pronounced for Cd**, Co*™ and Mn*" cations with respect
to Ni*tand Zn>". However, a stable complex formation
was not observed for the cations in the spectrophotometric
titration experiments.
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Fig. 2 The effect of metal cations on the absorption spectra of the
ligand (2) in acetonitrile-tetrahydrofuran solution (1/1). Ligand
concentration = 1.3 x 107> M. Metal perchlorate concentrations =
1.3 x 10~* M. a for AI’*, Ni**, Fe’*, Zn>*, Pb’* and Cu®*. b for
Hg”, C02+, Mn”, Cd** and Fe**

Figure 2 shows the effects of excess metal concentra-
tions in the absorption spectra of L(2). As seen from
Fig. 2a, the presence of 10 equivalents of Cu®*", Zn>™,
Pb2* AI’*, Fe?t and Ni*" ions cations caused a decrease
of absorption at 314, 328 and 344 nm except for AI’* and
Fe’*. Especially, Cu®" cation produces a pronounced
decrease in the absorbance at 328 and 344 nm. The red
shifts at all the absorption bands observed were similar to
that of L(1). There was a regular relationship between the
red shift value and the stability constant also for this ligand.
As seen from Table 1, among the complexes of L(2), the
least stable complex was Ni*"—L(2) complex with a log K
value of 3.87 and Ni*" caused the least red shift among the
cations (see Fig. 2a). A stable complex formation was not
observed for Cd**, Co®", Hg>", Fe®™ and Mn*" cations in
the spectrophotometric titration experiments. However, the
excess of these metal cations also caused a little red shift in
all the absorption bands except for Co”"(Fig. 2b).

Spectrophotometric titrations with L(1)

APY, Zn*t, Fe*T, Fe’*, Co**, Ni**, Mn**, Cu**, Cd*™,
Hg”* and Pb>" cations were used in the spectrophotometric



J Incl Phenom Macrocycl Chem (2010) 67:19-27

Table 1 Complex stability constants and complex composition of
ligands L(1) and L(2) with metal cations in acetonitrile-tetra-
hydrofuran (1:1) obtained by spectrophotometric titrations

Cation Complex composition® (M:L)  Stability constant® (Log K)
L) L(2) L(1) L(2)

Cu®t  2:1 2:1 411 £0.73 440 +0.32
Hg**  2:1 - 492 +£ 034 -

Zn*t - 1:1 - 4.55 + 0.41
APT 11 1:1 461 + 025 4.56 £ 0.43
Fe**  1:1 1:1 379 £ 0.65 4.52 £ 0.07
P>t 1:1 1:1 437 4035 4.67 +0.17
Nt - 2:1 - 3.87 £ 0.88

* The average values calculated from the data obtained from three
independent absorbance measurements

titration experiments with L(1). In the absorption spectra of
L(1), regular changes and many isosbestic points were
observed with increasing concentrations of A13+, Cu2+,
Fe’*, Hg*" and Pb>". There was no regular change in the
absorption spectra for the other tested metal cations.

Figure 3 shows the effect of increasing concentrations
of AI’* on the absorption spectra of L(1) in which five
isosbestic points are observed at 318, 322, 330, 338 and
348 nm. indicating the presence of many equilibriums in
the solution. One of them may belong to the complex
formation equilibria between AI’* and L(1). Regular
absorbance decreases were detected at 314, 328 and
344 nm with increasing concentrations of AI*". On the
other hand, a red shift was observed at all absorption bands.
Apparently, there was also regular absorbance increase at
376 nm during the complexation and hence we confirmed
the 1:1 complex composition from this. The decrease of
absorbance at 344 and 328 nm provided the determination
of the complex composition of AI**—L(1). The inflection
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Fig. 3 The variation of the absorbance of L(1) with the concentration
of AI’*, added as 0-1 equivalent of Al(ClO,);. Ligand concentration:
1.3 x 107> M. Inset: Measurements were carried out at 344 nm
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Fig. 4 The variation of the absorbance of L(1) with the concentration
of Cu®", added as 0-2.0 equivalents of Cu(ClO,),. Ligand concen-
tration: 1.3 x 107> M. Insets: Measurements were carried out at
344 nm

point was 1.0 ([M]J/[L]) in the molar ratio plot [see Fig. 3
(inset left)]. Thus, it can be concluded that L(1) formed a
stable 1:1 (M:L) complex with AI’*. Similar spectropho-
tometric titration curves were obtained for Pb>" and Fe®"
with L(1) and the complex composition was also 1:1 for
these cations (Table 1).

Cu®" and Hg>" cations formed the 2:1 (M:L) complex
with 14-membered crown ether L(1) and there were also
three and two isosbestic points in the absorption spectra in
the titration of Cu?" and Hg®", respectively. Figure 4
shows the changes in the absorption spectra of L(1) with
increasing concentrations of Cu®*. A regular absorbance
change was observed in the spectra at 328 and 344 nm and
the decreases of absorbance at both wavelengths provided
the determination of the complex composition of Cu®'—
L(1). As seen from Fig. 4 (inset left), the inflection point
was 2.0 ([MJ/[L]). It can thus be concluded that L(1)
formed a 2:1 (M:L) stable complex with Cu®*" by L(1). We
obtained similar spectrophotometric titration curves for
Hg?" with L(1) and the complex composition was also
2:1(M:L) for this cation (Table 1).

Spectrophotometric titrations with L(2)

The same cations were used in the spectrophotometric
titration experiments with L(2). Regular changes and many
isosbestic points similar to those of L(1) were observed in
the absorption spectra of L(2) with increasing concentra-
tions of AI’", Zn*", Fe*", Ni**, Cu*" and Pb**.

L(2), a 16-membered crown ether, formed stable 1:1
(M:L) complexes with APT, Fe?*, Pb*>* and Zn™t.
Figure 5 shows the effect of increasing concentrations of
Pb>" cation on the absorption spectra of L(2). Many
isosbestic points are observed in the spectra, implying the
existence of many equilibriums in the solution. Regular
absorbance decreases were detected at 276, 328 and
344 nm with increasing concentrations of Pb**. On the
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of Pb>™, added as 0-1 equivalent of Pb(ClO,),. Ligand concentration:
1.3 x 107°M. Insets: Measurements were carried out at 344 nm

other hand, a red shift was observed at all absorption bands.
During the complexation, a regular absorbance increase
was detected at 376 nm from which we confirmed the 1:1
complex composition. The decrease of absorbance at
344 nm provided the determination of the complex com-
position of Pb2+—L(2). As seen from Fig. 5 (inset left), the
inflection point was 1.0 ([M]/[L]) in the molar ratio plot.
Thus, it can be concluded that L(2) formed a stable 1:1
(M:L) complex with Pb*". We obtained similar spectro-
photometric titration curves for AT, F€2+, Zn>* and Cu®*
with L(2). The complex composition was 1:1 for AI’Y,
Fe>* and Zn*" cations while the complex composition was
2:1(M:L) for Cu®* (Table 1).

The effect of increasing concentrations of Ni*™ on the
absorption spectra of 16-membered crown ether L(2) is
different from those of other metal cations (see Fig. 6). A
pronounced absorbance increase was observed in the
spectra between 230 and 310 nm. In addition to this, we
observed absorbance decreases at 344 nm belonging to the
pyrene groups as similar to those of other titrations. The
increase in absorbance at 276 nm provided the
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Fig. 6 The variation of the absorbance of L(2) with the concentration
of Ni**, added as 0-2.0 equivalents of Ni(ClOy),. Ligand concen-
tration: 1.3 x 107°M. Insets: Measurements were carried out at
276 nm
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Fig. 7 The absorbance of L(2) versus Ni** concentration for
the spectrophotometric titration. Wavelength:240 nm, Ligand
concentration = 1.3 x 107> M

determination of the complex composition of Ni*T-L(2)
and the inflection point was 2.0 ([M]/[L])[see Fig. 6 (inset
left)]. It can thus be concluded that L(2) formed a 2:1
(M:L) stable complex with Nt by L(2). A single isos-
bestic point was observed at 324 nm for this cation and this
shows the presence of one equilibrium in the solution and
hence, the formation of the Niz+—L(2) complex.

A regular absorbance increase was detected for Ni*™ in
the spectrophotometric titration with L(2) at 240 and
314 nm. A linear response of the absorbance as a function
of Ni*T concentration at both wavelengths was observed
from 2.6 x 107 to 7.7 x 107> M. However, the calibra-
tion sensitivity was higher at 240 nm and R* = 0.9993 was
found for the calibration graph at 240 nm (Fig. 7).

In order to determine the complex stability constant, the
ratio of A,/(A, — A) was plotted versus 1/[M] which gave a
good straight line. A, and A are the absorbance of the free
ligand and the absorbance of the solution containing the
cation, respectively. The stability constant was calculated
from the ratio intercept/slope [23]. Corresponding plots can
be seen in Figs. 3, 4, 5, 6 (insets).

Table 1 shows complex stability constants and complex
composition of the ligands with metal cations in acetoni-
trile-THF(1:1), obtained from spectrophotometric titra-
tions. Apparently, the most stable complex was obtained
with L(1) for Hg®>". The complex composition was
2:1(M:L) in this case. It is interesting that Hg>™ does not
form a stable complex with 16-membered crown ether
L(2). Cu®" formed the 2:1 (M:L) complex with both
ligands (see Table 1). This result shows that the size of the
crown cavity is not important over the complexation
composition for Cu®". We obtained similar results for
AIPY, Fe?* and Pb>". However, these cations form the 1:1
complex for both ligands. This result shows that metal
cation type is important in the complex composition. Also,
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“ion-cavity size match” may be effective in the com-
plexation with these ligands. As known “ion-cavity size
match” concept is valid in the effective macrocyclic-cation
complexation [6]. It can be seen from Table 1 that mac-
rocyclic cavity size is important in the interaction of Hg>™,
Ni**and Zn>" cations with the ligands. For example, Ni*"
does not form a stable complex with 14-membered crown
ether L(1) while it forms a stable 2:1 (M:L) complex with
16-membered crown ether L(2). As seen from Table 1,
L(2) formed stable complexes with many metal cations. On
the contrary, (1) forms stable complexes with less number
of metal cations. This result can be explained by the flex-
ibility of 16-membered crown ether L(2) with respect to
14-membered crown ether L(1). As known, flexible mac-
rocyclic ligands undergo structural changes during the
complexation, hence, such ligands can form stable com-
plexes with various metal cations.

Fluorescence spectra

Excitation at 345 nm of the ligands gives characteristic
emission bands of pyrene between 370 and 450 nm. The
fluoroionophoric properties of the ligands were investi-
gated by fluorescence measurements in the presence of
AP, Zn®t, Fe?*, Fe**, Co®*, Ni+, Mn?*, Cu*, Cd**,
Hg”>* and Pb>™.

Figure 8a shows the effect of 10 M equivalent AI*T,
Pb>", Fe*™, Hg?* and Cu®" on the fluorescence spectra of
L(1). There was a dramatic enhancement in the emission
intensity of L(1) for the perchlorates of AI’" and Pb*™.
This is probably a result of the hampered PET mechanism
[13]. The interaction of the amino nitrogen atom with these
cations causes the nitrogen atom to fail in donating an
electron to the excited state of the pyrene ring. Thus, the
addition of these cations causes the recovery of the fluo-
rescence. Therefore, the reason of the enhancement in the
fluorescence intensity may depend on the complexation
with these cations. The effects of Zn2+, Fe3+, C02+, Ni”,
Mn*" and Cd*" cations on the fluorescence spectra of L(1)
are shown in Fig. 8b, where the fluorescence intensity of
L(1) increased when 10 M equivalents of these cations
were added except for Ni*". The effects of Ni**, Fe>" and
Mn?" cations are minor. The most significant fluorescence
enhancement was observed for Zn?*. However, no stable
complex formation was observed with these metal cations.
Despite this, the observed fluorescence enhancement in the
fluorescence spectra of L(1) can be explained by the above
mentioned hampered PET mechanism.

We carried out spectrofluorimetric titrations for all
metal cations with L(1) in acetonitrile-tetrahydrofuran
(1:1). A regular fluorescence response was detected for
Pb>" with this ligand. A linear response of the fluorescence
intensity as a function of Pb*" concentration at 398 nm
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Fig. 8 The effect of metal cations on the fluorescence spectra of L(1)
in acetonitrile-tetrahydrofuran solution (1:1). (Ligand concentra-
tion = 1.3 x 1077 M. Metal perchlorate concentrations = 1.3 x
107% M, excitation at 345 nm, a for AI**, Fe’*,Cu®>", Hg?" and
Pb>*. b for Zn>", Co?*, Ni**, Mn>", Cd** and Fe* "
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Fig. 9 The fluorescence intensity of L(1) versus the Pb>* concen-

tration for the spectrofluorimetric titration. Wavelength:398 nm,
Ligand concentration = 1.3 x 107’ M
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Wavelength(nm) tration for the spectrofluorimetric titration. Wavelength: 398 nm,
Ligand concentration = 1.3 x 1078 M
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fluorescence spectra of L(2) with the excess concentration
700000 - of these cations. The hampered PTE mechanism can
- enlighten these results depending on the interaction of the
' 6000007 nitrogen donor atom in the crown ether with the mentioned
E 500000 - metal cations.
3 Finally, we carried out spectrofluorimetric titrations for
§ 400000 1 all metal cations with L(2) in acetonitrile-tetrahydrofuran
g 300000 4 (1:1). A regular fluorescence response was detected for
u_:_! Ni?t with L(2). A linear response of the fluorescence
200000 1 intensity as a function of Ni** concentration at 398 nm was
100000 - observed from 1.3 x 1077 to 5.2 x 107% M with linearly
dependent coefficient R* = 0.9856 (Fig. 11). The detection
0
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Fig. 10 The effect of metal cations on the fluorescence spectra of
L(2) in acetonitrile-tetrahydrofuran solution (1:1). (Ligand concen-
tration = 1.3 x 107 M. Metal perchlorate concentrations = 1.3 x
1077 M, excitation at 345 nm, a for AI’*, Fe?>*,Cu®*, Ni**, Zn?* and
Pb>*. b for Hg**, Co®*, Mn**, Cd** and Fe*

was observed from 1.3 x 107° to 5.2 x 107> M with
linearly dependent coefficient R* = 0.9928 (Fig. 9). The
detection limit calculated as three times the standard
deviation of the blank signal was found to be
52 x 1077 M.

Figure 10 shows the effect of metal cations on the
fluorescence spectra of L(2). The emission intensity of
L(2) was enhanced upon the addition of 10 M equivalents
of Zn**, Pb?*, AIPY, Cu?t, Fe?* an Ni’t cations (see
Fig. 10a). Especially, Zn** and Pb®" caused a pronounced
fluorescence increase. As seen from Table 1, Pb>* forms
the most stable complex with L(2). These results can also
be explained by the hampered PET mechanism as men-
tioned above. Figure 10b shows the effect of Fe**, Co*™,
Hg”", Mn?* and Cd*" cations on the fluorescence spectra
of L(2). Although the spectrophotometric titration results
did not show any stable complex formation with these
cations, a fluorescence enhancement was observed in the

@ Springer

limit calculated as three times the standard deviation of the
blank signal was found to be 4.1 x 10™% M.
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