
1. Introduction 
Detecting cations is of great interest to many scientists, 
including chemists, biologists, clinical biochemists 
and environmentalists. Among the numerous 
analytical methods that are available, those based on 
fluorescence sensors offer several distinct advantages 
in terms of sensitivity, selectivity, response time and 
local observation [1-3]. Therefore considerable efforts 
are made to develop selective fluorescence sensors 
for cation detection. In the oldest class of fluorescent 
sensor molecules containing a fluorescent ligand, 
mostly a heteroaromatic ring system, act as both the 
recognition as well as the signaling site. Well-known 
examples of such molecules used as sensors for 
transition and heavy metal ions include 2,2′-bipyridyl, 
phenanthroline [4-7] and/or quinoline [8-14] or pyridine 
[15] derivatives. The selectivity of these ligands is rather 
poor, but introduction of functional group attached to the 
aromatic core could improve it [4,8-11]. Despite their 
low selectivity, N,N-bidentate or tridentate ligands play 
an important role as molecular devices and machines 
[15-21]. There is also another group of chemosensors 
with a benzothiazole,  benzoxazole or benzimidazole 

moiety as a ligand [22-24]. In this paper, we present 
bidentate chemosensors based on the benzoxazol-5-
yl-alanine derivatives containing as a substituent the 
chromophore with nitrogen atom in the ortho position 
(3-isoquinolinyl, 2-pyridyl, 2-imidazolyl). Two nitrogen 
atoms, first from the benzoxazole ring and second 
from a heteroaromatic substituent, form a coordination 
centre similar to that of bipyridine. Apart from these 
chemosensors, the compounds with oxygen or sulphur 
atom in the position 2 of the substituent (2-(5’-ethyl)furyl, 
2-benzofuranyl, 2-(5’-methyl)thienyl and 2-(3’-methyl)
thionaphthenyl) were also studied. The structures of all 
studied compounds are presented in Fig. 1. 

The amino acid moiety of the compounds studied 
enables different modifications of each functional group 
or incorporation into a peptide chain. However, first 
the coordination properties of these potential chelate 
ligands should be studied in detail. Thus, the ability of 
above-mentioned compounds to form complexes with 
selected alkaline, alkaline earth, transition and rare-
earth metal ions (Li+, Na+, K+, Ag+, Mg2+, Ca2+, Ba2+, Sr2+, 
Co2+, Cd2+, Cu2+, Zn2+, Eu3+) in acetonitrile are studied by 
means of absorption and steady-state and time-resolved 
fluorescence spectroscopy.
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2. Experimental Procedure  
The details of synthesis, spectral and photophysical 
properties of above-mentioned compounds are 
described in [25,26].

2.1 UV-Vis and fluorescence titration    
      experiments
All measurements were carried out in acetonitrile 
because studied compounds with functional groups 
containing an amino acid moiety are blocked and in 
addition, the zwitterionic forms are insoluble in water or 
have solubility too low to obtain correct absorption and 
emission spectra. Absorption spectra were measured 
on a Perkin-Elmer Lambda 40P spectrophotometer. 
Fluorescence spectra were measured on a Perkin-Elmer 
LS-50B spectrofluorimeter. MeCN used in our studies 
was HPLC grade (SuperGradient, LabScan).

A solution of a ligand in acetonitrile (concentration 
10-5 M and 10-6-10-7 M for absorption and emission, 
respectively) was treated using increasing amounts of 
a solution of perchlorate salts of the cation of interest 
(concentration from 5×10-4 to 1.8×10-3 M) containing 
a ligand at the same concentration as in the cuvette. 
The temperature of measurements was 25°C, stabilized 
by a Peltier system (for absorption measurements) or 
Julabo F-26 MP refrigerated circulator (for fluorescence 
measurements). After each addition of an aliquot 
using a Hamilton microsyringe with micrometer screw, 

the solution was stirred for a few minutes to reach 
equilibrium and the UV-Vis or fluorescence spectrum was 
subsequently recorded. When titration was completed, 
the spectra were analysed over the entire spectral 
range using a nonlinear least-squares fit algorithm as 
implemented in the SPECTFIT/32 software package for 
binding constant calculations [27]. 

The interactions of all ligands with Li+, Na+, K+, Ag+, 
Mg2+, Ca2+, Ba2+, Sr2+, Co2+, Cd2+, Cu2+, Zn2+, Eu3+ ions 
were studied.

2.2 Time-resolved fluorescence
Fluorescence intensity decays were collected using a 
time-correlated single-photon counting apparatus CD-
900 from Edinburgh Analytical Instruments with a LED 
diode (λex=340 nm) from IBH as an excitation source. 
The fluorescence intensity decay was measured at 
the maximum of the emission band selected by means 
of monochromator (about 7.5 nm bandwidth). The 
fluorescence intensity decays were recorded at 20ºC with 
a polarizer set up at a magic-angle. The Ludox solution 
was used as a reference. The fluorescence lifetimes 
were calculated using software delivered by Edinburgh 
Analytical Instruments. Fluorescence intensity decay 
data were fitted by the iterative convolution to the sum 
of exponents:

= −∑( )   exp( /  )i i
i

I t t

where αi and τi are the pre-exponential factor and 
fluorescence lifetime, respectively. 

The fitting minimized the reduced χ2 while varying αi 
and τi. The quality of fitting was judged by the value of 
χ2 and the visual inspection of the residuals. 

3. Results and Discussion

3.1. Absorption Measurements
The ligands studied (Fig. 1) could be divided into two 
groups. The first group contains N,N-bidentate chelating 
ligands ((2-Py)Box-Ala, (3-iQ)Box-Ala, (2-im)Box-Ala). 
The second group comprises derivatives with an oxygen 
or sulphur atom in position 2` of the substituent ring 
((Fur)Box-Ala, (Bfur)Box-Ala, (Tf)Box-Ala, (Btf)Box-Ala). 
In side arm there is a system N(O)-C-C-N (bipyridine 
analogue) or N(O)-C-C-O or N(O)-C-C-S systems. 

All studied metal ions do not change the position 
or shape of the absorption spectra or the fluorescence 
spectra of the ligands with an oxygen or sulphur atom in 
the coordination site. It appears that in complex formation, 
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Figure 1. Structures of ligands studied.
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two nitrogen atoms, one from the benzoxazole ring and 
the second from the substituent, have to participate 
in the metal ion binding process. Thus, in spite of the 
nearly free rotation of the single bond connecting two 
parts of the ligand (no steric hindrance) both nitrogen 
atoms of the ligand in the complex are in the cis-
configuration. The lack of interactions with transition 
and rare-earth metal ions studied is probably a result 
of the smaller π-donor strength of oxygen or sulfur than 
nitrogen. Also, the oxygen or sulphur atoms incorporated 
into the aromatic ring are not a suitable coordination 
center for the alkaline and alkaline earth metal ions. 
The radius of the metal ions do not fit the coordination 
center, although the concept of hardness and softness 
of ions and ligands would indicate the possibility of such 
interactions. Only (3-iQ)Box-Ala interacts with Ca(II) ion 
in the ground state but the observed changes were too 
small to calculate the binding constant. 

In the case of N,N-bidentate ligands, addition of the 
transition metal ion into a solution of benzoxazol-5-yl-
alanine derivative resulted in the appearance of a new 
band in the long-wavelength portion of the absorption 
spectrum along with the disappearence of the 
characteristic absorption band of the ligand (Figs. 2-4). 
The long-wavelength shift of the absorption spectrum 
upon complexation with metal ion is probably a result 
of the electrostatic interaction between the lone electron 
pairs of the donor heteroatoms in the ligand`s π system 
and the cation [4,28]. The long-wavelength shift of the 
absorption spectrum is a function of the ligand and 

metal ion. The biggest changes are observed for (3-iQ)
Box-Ala titrated by Cu(II) ion (Fig.  2).

Among the studied ions, only Cu(II), Co(II), Cd(II), 
Zn(II), Ni(II) and Eu(III) ions caused substantial changes 
in the ligand absorption spectra (except for (2-im)Box-
Ala with Eu(III) ion). The molar extinction coefficients 
for the most red-shifted absorption bands of the formed 
complexes with the metal ion:ligand ratio equal to 5:1 
are presented in Table 1.

Moreover, for all these ligands ((2-Py)Box-Ala, 
(3-iQ)Box-Ala, (2-im)Box-Ala)) with low metal ion 
concentration, isosbestic points were detected in 
absorption titration spectra which is consistent with a 
simple equilibrium system involving free and metal ion 
bound ligands. In the case of complexes of (2-Py)Box-
Ala with Cd(II) ion, (2-im)Box-Ala with Cd(II) and Co(II) 
ions and (3-iQ)Box-Ala with Cu(II) ion, the isosbestic 
points are conserved within the studied metal ion range, 
thus 1:1 stoichiometry was assumed in calculating the 
binding constant using a SPECFIT/32 software [27]. 
Additionally, 1:1 stoichiometry was also revealed when 
taking into account the A-A plots for different wavelengths. 
However, for the remaining studied complexes, further 
increase of the metal ion concentration caused the 
isosbestic point of the initial set of UV-visible traces to no 
longer be conserved This indicated the formation of new 
species which was additionally confirmed by a fold on 
the absorbance-absorbance (A-A) diagram (not shown). 
The assumption of the presence of the complexes with 
stoichiometry M:L=1:2 and M:L=1:1 resulted in good 

Table 1. Molar  extinction   coefficients  for  the  longest  absorption  bands of complexes formed by benzoxazol-5-yl-alanine derivatives with different 
                              ions at 5:1 M:L ratio and ligand fluorescence quenching at 8:1 M:L ratio in acetonitrile.        

metal 
ion

(2-im)Box-Ala
(λem=345 nm)

(3-iQ)Box-Ala
(λem=362 nm)

(2-Py)Box-Ala
(λem=360 nm)

ε
(λ=335 nm)*

 % of 
fluorescence 
quenching **

ε 
(λ=350 nm)

% of fluorescence 
quenching 

ε 
(λ=340 nm)

% of 
fluorescence 
quenching  

Co(II) 17590 2.9 at λ=345 25740 0.3 at λ=362 11570 48.4 at λ=360

Cd(II) 15210 1.9 at λ=345 28910 no quenching 9300 1.9 at λ=360
-0.8 at λ=408

Ni(II) 16510 62.0 at λ=345 33080 96.9 at λ=362 12770 60.4 at λ=360

Cu(II) 16810 75.1 at λ=345 28160 83.9 at λ=362 14740 14.5 at λ=360

Zn(II) 14670 2.0 at λ=345
-2.7 at λ=408

22 810
(M/L=3.7/1)

no quenching 13910 6.1 at λ=360
-2.5 at λ=408

Eu(III) - no quenching 17600 59.7 at λ=362 3330 4.4 at λ=360
-1.6 at λ=408

Ag(I) - no quenching - no quenching - no quenching

* ε is molar extinction coefficient [dm3 mol-1 cm-1]
** % of fluorescence quenching is equal to (F0-F)/F0 calculated at metal ion/ligand ratio equal to 8
sign ‘-‘ denotes fluorescence enhancement
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Figure 2. Absorption   (left-top)   and   emission   titration   spectra (left-bottom) of (3-iQ)Box-Ala with Cu(II) ion in acetonitrile. On the right side of the 
                                 figure  the  dependence   of  the  ratio  of  absorbance  (top)  and  fluorescence  intensity  change (bottom) with the metal-to-ligand ratio are 
                                 presented.
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Figure 3.

 

Absorption    (left-top)    and    emission    titration    spectra   (left-bottom)  of (2-im)Box-Ala with Ni(II) ion in acetonitrile. On the right side of  
the figure  the dependence  of  the  ratio  of  absorbance  (top)  and  fluorescence intensity change (bottom) on the metal-to-ligand ratio are 
presented.
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Figure 4. Absorption (left-top)   and   emission   titration   spectra   (left-bottom)  of (2-Py)Box-Ala with Zn(II) ion in acetonitrile. On the right side of the 
         figure   the   dependence   of   the   ratio   of   absorbance   (top)  and fluorescence intensity change (bottom) on the metal-to-ligand ratio are  
                                presented.
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conformity between calculated and measured spectra 
(Fig.  5a) as well as calculated dependence of measured 
absorbance on the metal ion concentration at chosen 
wavelength (Fig.  5b). The complexes with stoichiometry 
M:L=1:2 are formed at low metal ion concentration; 
however, the ML complexes are the predominant 
species in the solution at higher metal ion concentration 
(Fig.  6b). To substantially improve the quality of fit in 
the case of titration of (2-Py)Box-Ala by Zn(II) ion, an 
additional complex with stoichiometry equal to M:L=2:1 
had to be introduced. Thus, some aggregates with 
a large excess of metal ion resulting in an absorption 
spectrum very similar to the absorption spectrum of the 
1:1 complex cannot be excluded. The formation of a 
coordination polymer between benzimidazole derivative 
and Zn(II) ion was also suggested by Henary et al. [29]. 

The exceptions are complexes formed by (2-Py)
Box-Ala and (3-iQ)Box-Ala with Eu(III) ion for which a 
complex with stoichiometry 1:1 as well as an additional 
complex with three ligand molecules at low metal ion 
concentration were revealed.

The calculated binding constants of the complexes 
in the ground state are presented in Table 2. A relatively 
high standard error of the calculated binding constant is 
probably a result of the formation of additional complex 
of higher order, which presence could be deduced 
from the A-A diagram, but has not been considered in 
calculation. 

Data presented in Table 2 indicate that all three 
studied ligands possess a low selectivity and have 
similar affinity to studied metal ions. 

Frequently, because of similar electronic 
configurations of Zn(II) and Cd(II) ions, observed 
changes in the absorption or fluorescence spectra of 
sensing materials after binding of these ions are alike 
[16,17,28,29] suggesting similar affinity which was 
observed in our case for (2-im)Box-Ala and (2-Py)Box-
Ala ligands (Table 2). However, for (3-iQ)Box-Ala, a 
significant difference between binding constants with 
Cd(II) (8.2±0.8) and Zn(II) (2.8±0.4) ions is observed. The 
calculated binding constant for Cd(II) ion is much higher 
than that obtained for Box-Ala derivative containing 
8-quinolinyl [30] or 2-quinoxalinyl [31] substituent. 

3.2. Fluorescence Measurements
All benzoxazol-5-yl-alanine derivatives studied are 
fluorescent compounds with high fluorescence quantum 
yields and relatively short, about 1-2 ns, fluorescence 
lifetimes [25,26]. Among the ligands studied, only 
for those containing an azaaromatic substituent 
(2-pyridine, 2-imidazole or 3-isoquinoline) the change 
of the fluorescence intensity upon addition of metal 
ion was observed (Figs. 2-4). The other derivatives 

studied are insensitive to the presence of the metal ion 
except for (Fur)Box-Ala for which a small decrease of 
the fluorescence intensity was observed upon addition 
of Mg(II) ion. Among ions studied, Cd(II), Co(II), Cu(II), 
Ni(II), Zn(II), Eu(III) and Ag(I) ions caused significant 
decreases in the ligand fluorescence intensity (Fig. 7). 
The common property of transition metal ions studied 
is an almost invariable position of the fluorescence 
spectrum of the ligand. The divalent paramagnetic 
ions (Cu(II), Ni(II), Co(II) at high or very high metal-
to-ligand ratios (M/L)) almost totally quench the ligand 
fluorescence whereas diamagnetic ions (Zn(II) and 
Cd(II)) act either as a quencher or do not interact with 
the ligand in the excited state. 

Such results indicate that the stability of the complex 
formed in the ground state depends on the ligand and 
type of metal ion. For some complexes, lack of change 
in ligand fluorescence intensity is observed with the 
increase of metal ion concentration even when the 
complex exclusively is excited. This indicates complex 
disruption in the excited state resulting in the presence 
of only free ligand fluorescence. In this case, the 
fluorescence lifetime of the ligand should be constant. 
The ligand quenching for high metal ion/ligand ratio 
indicates that the fluorescence quantum yield of the 
complex is much lower than that of free ligand. Moreover, 
the fluorescence spectrum of the complex does not 
differ from that of the ligand. Thus, the measured 
fluorescence intensity decay could be described by 
a mono-exponential function with the fluorescence 
lifetime equal to that of free ligand because of the small 
complex contribution to the fluorescence intensity decay 
in low metal ion concentration. However, for a high 
metal ion/ligand ratio, the fluorescence intensity decay 
should be at least bi-exponential with first fluorescence 
lifetime describing the ligand decay whereas the second 
describes the complex decay. Moreover, for the non 
fluorescent complex only ligand quenching should be 
observed without change of the fluorescence life-time 
of the ligand. In some cases, separate from the ligand 
fluorescence spectrum, a new red shifted fluorescence 
band of the complex formed is observed. As can be seen 
from Table 2, the stoichiometry of the complexes as well 
as the binding constants determined from the steady-
state fluorescence measurements are comparable with 
those from absorption spectroscopy (some differences 
could be a result of more noisy and lower numbers of 
measured fluorescence spectra than in absorption 
measurements). However, in both cases (ground and 
excited state), different stoichiometry and different 
photophysical and spectral properties of the complexes 
formed could be observed depending on the metal ion/
ligand ratio. Thus, the diversified behaviour of ligands 
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Figure 5. (a) Difference between   measured   and     calculated    titration   spectra   of  (2-im)Box-Ala  for 1:1 stoichiometry (left) and mixed 1:1 and 1:2 
         stoichiometry (right).  (b)  dependence  of  measured  and  calculated absorbance on total Ni(II) ion concentration for 1:1 stoichiometry (left) 
         and mixed 1:1 and 1:2 stoichiometry (right). 

 

 

M. Milewska, K. Guzow, W. Wiczk

6818



Figure 6. (a) Measured (solid line)  and  calculated  spectra  for  ligand (2-im)  Box-Ala   (short dash),   1:1   complex   (dash)  and  1:2  complex   (dot).   
                                (b)  dependence  of  calculated  ligand,  1:1  complex and 1:2 complex on total Ni(II) ion concentration 

Table 2. The complex formation constants for benzoxazol-5-yl-alanine derivatives studied by absorption and fluorescence spectroscopy in   

       acetonitrile at 25°C.

Metal 
Ion

(2-im)Box-Ala (3-iQ)Box-Ala (2-Py)Box-Ala

stoichiometry 
(log K)

Abs Fluo Abs Fluo Abs Fluo

Cd(II) ML
(5.20±0.05)

no quenching ML2
(15.2±1.1)

ML
(8.2±0.8)

no quenching ML 
(5.40±0.07)

too weak quenching

Co(II) ML
(5.60±0.08)

ML 
(4.80±0.24)

ML2
(14.1±0.6)

ML
(7.6±0.4)

ML2
(12.6±0.5)

ML 
(6.6±0.6)

ML2
(15.8±0.9)

ML
(8.0±0.7)

ML2 
(15.7±0.3)

ML
(7.5±0.2)

Ni(II) ML2 
(10.80±0.17)

ML
(5.90±0.09)

ML2 
(9.7±2.2)

ML
(5.8±0.3)

ML2
(13.7±0.3)

ML
(7.2±0.2)

ML2
(11.7±2.5)

ML 
(7.8±0.2)

ML2
(10.9±0.3)

ML 
(5.00±0.00)

ML2 
(15.7±0.3)

ML
(8.4±0.2)

Cu(II) ML2
(10.8±0.7)

ML
(6.4±0.3)

ML2 
(10.1±1.5)

ML
(5.8±0.1)

ML
(6.6±0.4)

ML 
(7.1±0.3)

ML2
(12.5±0.2)

ML
(6.7±0.2)

ML2 
(11.1±0.4)

ML
(6.2±0.9)

Zn(II) ML2
(10.8±0.5)

ML
(5.4±0.2)

ML2 
(12.8±1.4)

ML
(5.3±0.9)

ML2
(5.6±0.7)

ML
(2.8±0.4)

no quenching ML2
(12.8±0.6)

ML
(6.3±0.6)

M2L
(10.1±0.9)

ML2 
(12.5±0.3)

ML
(4.3±1.8)

M2L 
(12.1±0.3)

Eu(III) - - ML3
(14.4±0.4)

ML
(4.8±0.1)

ML
(8.3±0.7)

ML3
(14.6±0.7)

ML
(5.1±0.3)

too weak quenching
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and metal ions studied require a separate discussion 
about interaction beetwen particular ligand and metal 
ion in the excited state.

(3-iQ)Box-Ala cL=2.7*10-7 M
An example of the fluorescence titration of (3-iQ)

Box-Ala is presented in Fig.  2. As in the case of other 
studied ligands, its emission is in the range from 320 
to about 500 nm. The fluorescence quantum yield in 
acetonitrile is 0.64 whereas the fluorescence lifetime - 
about 2 ns [30]. Among metal ions studied, Cd(II), Zn(II) 
and Ag(I) do not quench fluorescence of (3-iQ)Box-Ala 
in contrast to divalent paramagnetic ions (Cu (II), Ni(II), 
Co(II) and to some extent Eu(III)). However, even if a 
large excess of those metal ions is added, the emission 
of the ligand is not totally quenched. In the case of 
Ni(II) ion, the quenching starts at metal to ligand ratios 
higher than 0.5 and at M/L about 2 there is almost no 
fluorescence. In the case of Co(II) ion, there must be 
more than eight times more metal ion than ligand in the 
solution to observe any quenching. Moreover, it is not 
very efficient (20% of initial fluorescence intensity at M/L 
about 20). The quenching effect of Cu(II) and Eu(III) ions 
is observed when M/L ratio is higher than 3, however, 
the quenching efficiency of Cu(II) ion is higher than that 
of Eu(III) ion (Table 1). 

The observed quenching effect at relatively high M/L 
ratio, much higher than this observed for absorption 
spectra (except for Ni(II) ion), indicates complex 
dissociation upon excitation. The above conclusion 
is supported by the time-resolved fluorescence 
measurements. The fluorescence lifetime of the ligand 
does not change in the range of metal ion concentrations 
for which the fluorescence intensity is constant but the 
absorption spectra for this M/L ratios show the presence 
of the complex only. The fluorescence lifetime starts to 
decrease only for high metal ion concentrations when 
the fluorescence is nearly totally quenched. Thus, the 
decrease of the fluorescence lifetime could be caused 
by the residual complex emission or emission of solvent 
impurity. 

(2-im)Box-Ala cL=2.7*10-7 M
The presence of the metal ions studied in most cases 

causes quenching of the ligand fluorescence (Table 1) 
except for Cd(II) ion. Only in the case of Ag(I) ion is a 
small increase of the fluorescence observed. In the case 
of Co(II) ions, the quenching is rather small; however, it 
is almost 50% for a M/L ratio of about 30. Also, Zn(II) ion 
quenches the ligand fluorescence weakly, but at high 
ion concentration (M/L>20), the fluorescence spectrum 
shifts to the red. The calculations of the binding constants 
performed using a SPECFIT program, were based on the 
steady-state fluorescence spectra reveal the presence 
of two types of complexes with different stoichiometry, 

ZnL and Zn2L,  were similar in the ground state. It seems 
that the ligand fluorescence quenching observed for low 
metal ion/ligand ratio is caused by formation of a ZnL 
complex which has a fluorescence spectrum similar to 
that of ligand but with a lower quantum yield. However, 
at high ion concentration in the solution Zn2L complex is 
present. Its fluorescence spectrum is a little shifted to the 
red. In the case of Cu(II) and Ni(II), the quenching of the 
ligand fluorescence starts at low metal ion concentration 
and it is almost complete for high Cu(II)/L ratio. 
However, for Ni(II)/L ratios higher than 8, an increase 
of the fluorescence intensity is observed but the shape 
and position of the fluorescence band do not change 
(Fig. 3). Time-resolved fluorescence measurements 
indicate that the fluorescence lifetime of the ligand is the 
same as in the absence of metal ion. However, at high 
M/L ratio, the fluorescence intensity decay becomes bi-
exponential with a small contribution of the additional 
component (about 0.4 ns) (the ligand lifetime=1.30 ns 
[25]). This indicates that the observed fluorescence 
results from the excited complex or aggregates.

(2-Py)Box-Ala cL=3.7*10-6 M
Among ions studied, only Co(II), Cu(II) and Ni(II) 

substantially quench the ligand fluorescence without 
changing a shape and position of its fluorescence band 
(Table 1). In the cases of Co(II) and Cu(II) ions, the 
quenching starts at the M/L ratio higher than 4; whereas 
for Ni(II) ion, quenching began immediately after addition 
of the first portion of the metal ion. However, for M/L ratios 
higher than 25, the ligand fluorescence is quenched by 
these ions almost totally. Moreover, for M/L ratio equal 
to 8, Cu(II) ion is a less efficient quencher than Co(II) 
and Ni(II) ions (Table 1). In the case of Ag(I) ion, a small 
decrease of the ligand fluorescence was observed only 
for high metal ion concentration despite the fact that the 
presence of this metal ion does not cause any change in 
the absorption spectrum of the ligand similarly as large 
alkaline and alkaline earth metal ions (Na(I), K(I), Ca(II), 
Ba(II), Sr(II)).

A weak quenching of the ligand fluorescence is 
observed for Eu(III) and Cd(II) ions even at their high 
concentration (M/L=40). However, during their addition, 
the fluorescence intensity decreases in the short-
wavelength part of the spectrum and simultaneously 
increases in the long-wavelength part. A similar effect, 
but much more enhanced, is observed upon Zn(II) 
ion addition; however, the quenching of the ligand 
fluorescence is more efficient, and a new, well-defined 
emission band appears with a maximum at about 
420 nm (Fig.  4). On the plot of the fluorescence 
intensity versus metal/ligand ratio, a small decrease of 
the fluorescence intensity is observed until about M/L=2 
which could be connected with the excitation of Zn(II)L2 
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complex in which fluorescence quantum yield is lower 
than that of free ligand. Up to M/L ratio equal to about 8, 
the ligand fluorescence intensity does not change. For 
this metal ion concentration range, the Zn(II)L complex 
is excited and seems to be unstable in the excited state. 
Further increase of the metal ion concentration causes 
substantial decrease of the ligand fluorescence and 
simultaneous increase of the fluorescence centered at 
420 nm. At high M/L ratio only, a new band exists which 
could be assigned to the Zn(II)2L complex (Table 2). 

Weak ligand fluorescence quenching by studied ions 
and the presence of free ligand fluorescence even in 
high ion metal concentrations when only the complex 
is present in solution indicates a much weaker ligand 
affinity to the studied ions in the excited state. However, 
at high metal cation/ligand ratios, a quenching effect 
can be observed. A similar observation has been 
reported in literature [32] and interpreted in terms of 
photodisruption of the ligand-cation interaction. This 
observation is supported by time-resolved fluorescence 
measurement. 

The fluorescence intensity decay of (2-Py)Box-
Ala is bi-exponential (0.12 ns and 1.31 ns with nearly 
equal contributions) [26]. The fluorescence intensity 
decay measured at 425 nm at which mostly complex 
absorbs in a solution of Zn(II)/L ratio equal to 0.5 is 
also bi-exponential; however, the lifetimes are equal 
to 3 ns and 1 ns with contributions 0.23 and 0.77, 
respectively, indicating that the free ligand possesses 
a dominant contribution to the decay (a very short 
fluorescence lifetime component is undetectable on our 
system). The increase of the metal ion concentration 
causes systematic shortening of 1 ns component 
and decreasing of its contribution (0.39 ns and =0.25 
for M/L=10) whereas the long lifetime remains constant 
and its contribution increases. For high M/L ratio (about 
20) for which only long-wavelength fluorescence band 
is present, the fluorescence intensity decay is mono-
exponential with a 3 ns fluorescence lifetime what 
means that higher ion metal concentration prevents 
photodisruption of the excited complex. 

While the quenching of the ligand fluorescence is 
predominantly connected with the nature of a metal 
ion, the ligand fluorescence enhancement can result 
from its geometry changes in the excited state or may 
be induced by an ion. The fact that paramagnetic ions 
studied (Cu(II), Co(II) and Ni(II)) alter the fluorescence 
properties of the ligand suggests chelation-induced 
changes in the nonradiative channel of the deactivation 
of the excited state [4,28,32]. The appearance of a new 
emission band in the cases of (2-Py)Box-Ala and (2-im)
Box-Ala at high metal ion excess (Ag(I), Cd(II), Eu(III), 
Zn(II)) indicates the formation of complexes in which 

the radiationless deactivation via torsional motions is 
suppressed. However, a long-wavelength shift of the 
emission spectra indicates an increase in the conjugation 
of two subunits of the ligand in a tightly bound complex 
[4,28,32] or/and is a result of a shift to the higher energies 
of the nπ* state of the ligand molecule and subsequent 
energy decrease of the exhibited ππ* state after ion 
binding as in the case of quinoline [1,4,28,33].

The lower binding affinity in the excited state is 
probably caused by the lower charge density compared 
to the ground state of the benzoxazole nitrogen atom 
and the increase of the dihedral angle between the 
benzoxazole and quinoline moiety in the case of 
benzoxazol-5-yl-alanine containing 8-quinoline [30] or 
2-quinoxaline [31] as a substituent. The charge transfer 
from the substituent to the benzoxazole ring causes a 
shortening of the bond connecting those parts of the 
molecule and thereby the ligand in the excited state has 
the planar structure resulting in lower binding constants 
and low selectivity in the excited state. 

The different interactions of ions studied with the 
ligand cannot be explained by taking into account ion 
radii only. The change of the absorption spectrum of 
the ligand caused by transition metal ion and the lack 
of such changes in the case of alkaline or alkaline earth 
metal ions as well as Ag(I) having ion radii higher than 
1 Å and simultaneous changes in the ligand absorption 
spectrum in the presence of luminescent rare-earth metal 
ion having similar to Ca(II) or Na(I) ion radius indicate 
that not only ion radius but also the polarizability and/or 
second ionization potential should be considered [34]. 
The above discussion does not fully explain all observed 
phenomena and additional work (DFT and TD DFT 
calculation of the complexes structures in the ground 
and excited states and vertical absorption and emission 
transitions) are currently ongoing in our laboratory and 
will be published in due course.

4. Conclusions
Despite the relatively low selectivity and the binding 
constants of the studied ligands, their application as 
chemosensors is possible because the presence of a 
long- (complex absorption) and short-wavelength (ligand 
absorption) bands enables ratiometric measurements 
(Fig. 7). 

Moreover, the metal ion may be determined in 
the micromolar range. Also, in the case of Zn(II) ion, 
those kind of measurements may be applied using 
both techniques of absorption and fluorescence 
spectroscopies (Fig. 7). 
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The obtained binding constant of (2-Py)Box-Ala 
in acetonitrile solution is higher than that obtained for 
2-(2`-hydroxyphenyl)benzazoles in aqueous solution 
[35], but much smaller than that of benzoxazole [36] 
or benzimidazole [29] or 8-hydroxy-quinoline [17] or 
seminaphtofluorescein [37] derivatives modified with 
a pendant arm (di-2-picolylamine). However, such 
modification can also be introduced into our sensing 
materials. Additionally, the presence of an amino acid 
moiety allows incorporation of studied compounds into 
a peptide chain as well as other modifications of each 
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