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An intramolecular charge transfer (ICT) chromophore 2-(2-pyridine)imidazo [4,5,f]-1,10-phenanthroline
(1) has been synthesized and firstly used as a chemosensor with a reversible, ‘on-off’ sensing capability
for biologically and environmentally significant Co?* in DMF under buffered conditions. The experiment
results also show that the response behavior of 1 to Co®" is pH independent in range of pH 3.0-7.0 and
show excellent selectivity for Co®* over other cations.

© 2009 Elsevier Ltd. All rights reserved.

It is well known that Co* as one of the most important transi-
tional metal ions plays an important role in the metabolism of iron
and synthesis of hemoglobin, and it is also a main composition of
Vitamin B12 and other biological compounds.! Cobalt deficiency
in human body may lead to pathological conditions and it is also
a significant environmental pollutant.? Consequently, there has
been a growing interest in the development of selective Co?* sen-
sors for biological and environmental applications. However, there
are only a few sensors based on fluorescence reported for cobalt
ions determination.> Most of the fluorophores respond to cobalt
ions only in the presence of oxidizing agents such as hydrogen per-
oxide and in a basic medium.* Moreover, some of the fluorophores
possess poor selectivity® and a relatively high background.® There-
fore, searching for new fluorophores for the determination of co-
balt ions with excellent analytical performance characteristics is
still a challenge.

In our quest to exploit intramolecular charge transfer (ICT) as a
promising design strategy to assess selective metal ion sensors,’
we synthesized an intramolecular charge transfer (ICT) chromo-
phore 2-(2-pyridine)imidazo [4,5f]-1,10-phenanthroline (1)® that
used the two nitrogen atoms of phenanthroline and the other
two nitrogen atoms of imidazole ring and pyridyl ring to form
two cation binding sites, and firstly studied the effects of various
metal ions on its photophysical properties. 2-(2-Pyridine)imidazo
[4,5,f]-1,10-phenanthroline (1) was synthesized by condensation
of 1,10-phenanthroline-5,6-dione® and pyridine-2-carbaldehyde
in refluxing glacial acetic acid and ammonium acetate for 2 h, then
adjusting the pH value of the solution until yellow precipitate ap-
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pears. The crude product was purified by chromatography on silica
gel using CH,Cl,-EtOAc (10:1) as the eluent (Scheme 1).

We choose compound 1, as a new chemosensor relies on the
anticipation that metal ion coordination with compound 1 would
provoke enhanced ICT assigned to intraligand m—m* transitions.
The ensuing photophysical perturbations of 1 could be used to har-
ness its potential in metal sensing applications. Metal ions of bio-
logical and environmental interest, such as Na*, K*, Mg?*, Ba%*,
Co?*, Ni%*, cu®*, Ag®, Zn?*, Cd?*, and Hg?*, were investigated for
their photophysical effects on sensor 1, which shows effective
selectivity for Co®* over other cations. Both spectrophotometric
and fluorimetric experiments were carried out by adding metal ni-
trate to the DMF solutions that were buffered by 0.1 mM NaOAc-
HOACc (pH adjusted to 6.8 by adding 0.1 M HCl). The UV-vis spectra
of 1 displayed absorption bands in a range of 280-450 nm along
with two main peaks at 318 and 327 nm in DMF buffered solution.
Titrating above series of metal ions with 10 equiv (c=5 x 107> M)
to the solution of 1, we can see remarkable changes in the UV-vis
spectra of 1+ Co?", in which the absorption intensity of 1 at 318
and 327 nm decreased dramatically, accompanied with a red shift
from 327 nm to 350 nm (Fig. 1). However, other metal cations only
induced slightly decreasing in the band intensity by 7-27% (Fig. S1,
Supplementary data).

The absorption spectra of 1in the presence of different concentra-
tions of Co?* were recorded in Figure 2. The incremental addition of
Co?" (1 x 10755 x 107> M) to the solution of 1 (5 x 107 M) re-
sulted in gentle decline in absorbance at 318 and 327 nm, which
were attributed to phenanthroline-pyridine rings intraligand
m—7* transition and imidazole-pyridine intraligand m—m* transi-
tion,'® respectively. With less than 1 equiv Co?* was added, 1 may
coordinate with Co?* by two nitrogen atoms of phenanthroline-pyr-
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Scheme 1. Synthesis and proposed interaction of 1 with metal ions.
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Figure 1. UV-vis spectra of 1 (5 x 107% M) in the absence of Co?* (black line) and in
the presence of Co?* (5 x 10~> M) (red line) in DMF with NaOAc-HOAc buffered
solution at pH 6.8 £0.1.
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Figure 2. Response of 1 (5x 107M) with different concentrations of Co?*
(1x107°-5x10>M) at pH 6.8%0.1 in DMF buffered solution. Inset: the
stoichiometry formation of Co?*-1 in absorption experiment (pH 6.8 +0.1).

idinerings,'! resulting in the absorption intensity gradually decreas-
ing at 318 nm and 327 nm. It was noteworthy that the absorption
intensity at 327 nm decreased dramatically, and after the addition
of more than 1 equiv of Co?", the band at 327 nm gradually disap-
peared, while a new band appeared at 350 nm, which may be attrib-
uted to the coordination of Co?* with 1 by two nitrogen atoms of
imidazole-pyridine rings. Furthermore, no spectra change was ob-
served after Co®* was over 2.0 equiv (inset, Fig. 2), confirming the
stoichiometry of 2:1 (Co**:1) complex formation. Amongst all the
metal cations examined, we can see clearly that only Co®* causes

remarkable response in the UV-vis spectrum of 1, while the re-
sponse behavior of 1 is not discernibly affected by other metal
cations.

In order to further understand the variation of absorption spec-
trum, the fluorescence titration experiments were performed in
DMF buffered solution with an emission wavelength at 441 nm,
upon excitation wavelength at 350 nm. As depicted in Figure 3,
the addition of the metal ions induced various degrees of emission
quenching depending on the identity of the metal ions. Among all
the cations examined, 1 gave a specific response to Co?". The addi-
tion of 10 equiv (5 x 107> M) of Co?"* resulted in a strong fluores-
cence quenching of 81%. However, other examined cations at
10 equiv with respect to sensor 1 led to only about 6-31% and no
further quenching of 1 was detected on the addition of up to
100 equiv of these cations, which indicates that 1 presents excel-
lent selectivity for Co?* over other cations.

With the addition of Co?* to the solution of 1, a remarkable
quenching of fluorescence signal was observed (Fig. 4). At the limit-
ing concentration of 10 equiv (c = 5 x 10~> M), the emission of 1 was
reached to ca. 81% quenching due to the formation of 1-Co** com-
plex. Moreover, emission intensity did not change after the addition
of Co?* higher than 2.0 equiv, also indicating the formation of a new
2:1(Co?*:1) complex (inset, Fig. 4). The binding constant for Co?* was
measured (K; =5.7 x 10°M~!, K,=1.2 x 10* M~!) by a nonlinear
least-square (Supplementary data).

In addition, the spectrophotometric responses were reversible
since the addition of EDTA (1x10~* M) fully revived the original
absorption of 1 (Fig. S2, Supplementary data). This phenomenon
proves that 1 could serve as a reversible molecular sensor for
Co?*, which is conformed to the requirement of relatively high
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Figure 3. Response of various metal ions (5 x 10> M) on the fluorescence intensity
of 1(5 x 1075 M).
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Figure 4. Fluorometric titration of 1 with different concentrations of Co®*
(1x107%-5%x10">M) at pH 6.8+0.1 in DMF buffered solution. Inset: the
stoichiometry formation of Co?*-1 in fluorescence titration experiment,
Jex =350 nm.

detection for Co®* and potential reutilization. It could be seen that
the original fluorescence of 1 was recovered after the addition of
EDTA (1 x 1074 M), demonstrating that 1 has a potential ability
as a selective ‘on-off sensor for Co?*, as shown in Figure 5.

The effects of pH on the fluorescence intensity of 1 in the ab-
sence and presence of Co?* were carried out by adjusting the pH
value of the solution with hydrochloric acid and sodium hydroxide,
results are shown in Figure 6. At 3.0 < pH < 7.0, 1 is strongly fluo-
rescent while the fluorescence of its complex with Co?* is largely
quenched. When pH is lower than 3.0, the fluorescence of 1 is lar-
gely quenched, which corresponds to the association of 1 with pro-
ton. At pH higher than 7.0, the fluorescence of 1-Co?* complex
begins to revive. This is because too higher pH would lead to for-
mation of the precipitation of Co(OH),, which in turn would reduce
its complexation with 1.'> These results show that the response
behavior of 1-Co?* complex is pH independent in the pH range
of 3.0-7.0. From the view of sensitivity and response behavior of
sensor, pH 6.8 was chosen as optimum experimental condition.

In conclusion, we have developed a novel fluorescent sensor 1,
which undergoes reversible changes and fluorescence ‘on-off’ sig-
nalling for the detection of Co?*, and firstly studied the effects of
various metal ions on its properties. The remarkable photophysical
properties of sensor 1 will help to extend the development of fluo-
rescent sensors for metal ions.
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Figure 5. Fluorescence spectra of 1, 1+ Co?* and 1+ Co?* + EDTA in DMF buffered
solution (pH 6.8 £0.1).
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Figure 6. Effect of pH on the fluorescence intensity of 1 (5 x 10~5 M) in the absence
(black line) and in the presence (red line) of Co* (5 x 107> M) in the DMF buffered
solution.
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