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Abstract—Azo 8-hydroxyquinoline benzoate (2) was synthesized and studied to detect metal ions. Distinct color change was found
for compound 2 in the presence of transition metal ions Hg>" or Cu®" in CH5CN, respectively, which makes it possible for distin-

guishing Hg*" and Cu®" from other metal ions by the ‘naked eye’.

© 2006 Elsevier Ltd. All rights reserved.

The design and synthesis of new chemosensors for metal
ions is an important subject in the field of supramolecu-
lar chemistry due to their fundamental role in biological,
environmental, and chemical processes.! Particularly,
the recognition and detection for Hg?" and Cu*" is of
growing interest because they are considered as highly
noxious elements.” Some examples of chromogenic?
and fluorescent* chemosensors, electrochemical devices,>
biosensors,® and sensors based on mass changes’ have
been reported over the past years. Colorimetric sensors
are popular due to their capability for ‘naked eye’ detec-
tion without resorting to any expensive instruments. To
develop simple-to-use and naked-eye diagnostic tools, a
great effort has recently been made for the design and
synthesis of selective chromogenic sensors for Hg>"
and Cu*" 8

8-Hydroxyquinoline benzoates have been used as
receptors for Hg®".® However, the absorption spectral
change in ultraviolet (UV) region restrained their applica-
tion in practicality. Azo dye is one type of important
colorimetric sensor for cations and anions. In the presence
of some special ion, the strong receptor—ion interaction
causes the absorption band of azo dye shift to visible light
region.'® In this letter, azo group was introduced to
8-hydroxyquinoline benzoate and a new compound
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benzoic acid 5-(4-dimethylamino-phenylazo)-2-methyl-
quinolin-8-yl ester (2) (Scheme 1) was easily synthesized
to detect metal ions. Distinct color change was found
for 2 in the presence of transition metal ions Hg®' or
Cu®" in CH;CN.

For comprehensive comparison, benzoic acid 2-methyl-
quinolin-8-yl ester (1) was synthesized by a previously
reported procedure.” Compound 2 was synthesized by
a diazo-reaction of 2-methyl-8-hydroxyquinoline with
arylamine, followed by esterification with benzoyl
chloride.!" The analogous structures of 1 and 2 were
characterized by "H NMR, '*C NMR spectra, and MS

HsC™ N HC™ N

Scheme 1. Molecular structures of 1 and 2.
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(EI) (see ESI).!2 Further structure information of 2 was
obtained from single-crystal X-ray diffraction study (see
ESI). The CCDC reference number of 2 is 299042.

The UV-vis absorptlon spectra of 1 and 2 were measured
in CH5CN (2.0 x 10> mol L) and the corresponding
data are shown in ESI. Compound 2 exhibits a maximal
absorption band at 445 nm, which is obviously red-
shifted compared with that of 1 (4,ax = 276 nm), indicat-
ing that the introduction of azo group improves the chro-
mogenic ability of the 8§-hydroxyquinoline benzoate.
Moreover, the extlnctlon coefficients are 5.7 x 10° (1)
and 3.1 x10* (2) mol™' L cm™", respectively, revealing
that 2 has a stronger ability of absorbing light than 1.

The complexation abilities of 1 and 2 with Hg>" were
investigated by the UV-vis absorption technique. In
our present experiments, the mercury source Hg(ClOy),
was gradually added to a solution of 1 and 2 in CH5CN.
Flgure 1 shows UV-vis absorptlon spectra of 2 with var-
10us concentrations of Hg”>". Notably, upon addition of
Hg?", the characteristic strong absorption band at
445 nm decreased, and a new band centered at 518 nm
arose, corresponding to a Apyax (abs) red-shift of 73 nm
and an isobestic point at 476 nm, which indicated the
formation of a new compound. At the same time, an
apparent color change from yellow to red in ambient
light could be observed by the ‘naked eye’ (see ESI).
However, no apparent color change occurred for 1 upon
addition of Hg?" in CH;CN solution because the
absorption band red-shifted only in UV region (see
ESI) This fact indicated that the presence of azo gro P
improves the chromogenic ability of sensors for Hg’

Furthermore, the red-shift of the absorption band of 1
confirmed the binding of Hg*>" to quinoline N together
with carbonyl O, which was consistent w1th the litera-
ture.® We believe that 2 recognition of Hg>" proceeds
via a similar b1nd1ng site as that of 1. By plotting the
changes of 2 in the absorbance intensity at 518 nm as
a function of Hg concentration, sigmoidal curve was
obtained and is shown in the inset of Figure 1. The
1:1 binding stoichiometry of 2-Hg>" was supported by
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Figure 1. UV-vis absorption spectra of 2 in CH;CN ([C]=
2.0x 10> mol L™!) with Hg?". Inset: Plot of absorbance intensity
at 518 nm as a function of Hg>" concentration.

the nice nonlinear fitting!® of the absorption-titration
curve, which was also affirmed by the literature.” The
binding constant (K) of 2 with Hg was calculated
to be 4.4x10°mol 'L at 20 °C in CH;CN. In com-
pound 2, the 8-hydroxyquinoline benzoate group could
be used as an electron donor W1th weak electron-donat-
ing ability. The addition of Hg*" might result in the
binding of Hg*" with quinoline N together with car-
bonyl O,” and then the D-n-D’ structure transformed
to D-m-A structure (Fig. 2), which increased the degree
of intramolecular charge transition (ICT), resulting in
a red-shift of absorption band of 2.4

The experlmental phenomenon was different from that of
Hg>" when Cu®" was added to 2 in CH5CN. The sensing
process consisted of two processes, as shown in Figure 3.
At less than 1.0 equiv of Cu”" addition, the characteristic
strong absorption band at 445 nm decreased and a very
weak absorption appeared at 500 nm with an isobestic
point at 515 nm (Fig. 3A). The color of 2 chan%ed from
yellow to pale red. This fact indicated that Cu”" could
coordinate weakly with 8-hydroxyquinoline benzonate
in the first process. As more than 1.0 equiv of Cu®"
was added, the absorption band of 2 at 445 nm further
decreased. However, a new band centered at 383 nm
appeared and increased, corresponding to a Ay.x (abs)
blue-shift of 62 nm and an isobestic point at 396 nm
(Fig. 3B). Correspondingly, the color of 2 changed
from pale red back to colorless (see ESI). This hypso-
chromlc shift might be ascribed to the complexation of
Cu®" at -N=N-C¢H¢ N(CH3;), site as the second pro-
cess,!>1® which diminished the degree of the ICT. The
whole color change process could be detected by the
‘naked eye’. However, only slight spectral change was
found for 1 in CH3CN solution upon addition of Cu*"

(see ESI). Therefore, the introduction of ,az0 gro 4p
makes 2 a chromogenic chemosensor for Hg”" and Cu?

For an excellent chemosensor, high selectivity is a mat-
ter of necessity. Analysis of UV-vis absorption spectra
of 2 with other metal ions has been employed, which
gave out the chromogenic ability in the following order:
He?' > Cu2+> Cd2+ Zn>t, NiZ*, Co?*, Cr*'. Pb*,

Ca’", Na*, K*, Ag" in CH,CN (Fig. 4).
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Figure 2. The sensing process of 2 with Hg>".
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Figure 3. UV-vis absorption spectra of 2 in CH3;CN

([C]1=2.0x 107> mol L") with Cu®*" before 1.0 equiv (A) and after
1.0 equiv (B).

Responses of 2 in CH;CN to 3.0 equiv of cations are
shown in Figure 5. Compared to the response (batho-
chromic shift) of 2 with Hg®*, a contrary shift change
(hypsochromic shift) was observed when Cu”’" was
added to a solution of 2 in CH3CN, while no obvious
color was observed upon addition of Zn*", Cd*',

Ni**, Co*™, etc., 1ndlcat1ng that 2 shows high selectivity
for Hg*" and Cu upon other metal ions.
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Figure 4. Titration profile of 2 ([C]= 2.0 x 107> mol L") on the band
of 518 nm with representative metal ions.
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Figure 5. Responses of 2 in CH3;CN to representative metal ions
(6.0x 107> mol ™!, y-axis markers). The absorbance was at 518 nm.
The concentration of 2 was 2.0 x 10~> mol L™,

To explore the practical applicability of 2 as a Hg>"- and
Cu*"-selective sensor, competltlon experrments were
also performed in 5.0 equiv of Hg*" or Cu** mixed w1th
5.0 equiv of background metal cations such as Zn*"
Cd**, Ni?t, Co*", Cr*", and Pb*". The AI(I(cat—
1ong I(blank)) containing both background and
Hg”" or Cu®" showed SImrlar variation compared with
that only containing Hg>" or Cu®" (see ESI).

In conclusion, we developed a selective chromogenic
chemosensor for Hg*" and Cu?". The presence of azo
group significantly improved the chromogenrc abrhty
of the receptor. The recognition of Hg*" of 2 gave rise
to the obvious color change from yellow to red upon
complexation. The recognition process of Cu®" con-
sisted of two processes and the color changed from yel-
low to pale red, then back to colorless. Such a design
strategy would be of great interest in the development
of other chemosensors for metal ions.
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