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A novel easily available chemosensor 1 based on bis(N-
salicylidene)ethylenediamine was reported, which exhibits
highly selective and sensitive recognition toward Mn2+ in pure
aqueous solution over a wide range of tested metal ions with a
clear naked eye color change from colorless to red. This
represents the first reported colorimetric chemosensor capable of
detecting Mn2+ in aqueous solution.

Metal ion recognition and sensing has become a fast
growing field of research due to their potential application in
chemistry, biomedicine, and environmental studies. In partic-
ular, the study of metal ion sensing using fluorescent or
colorimetric sensors has been actively studied, and great
achievements in this field have been obtained in the past few
years.1 Compared to fluorescent sensors, colorimetric sensors
have gained more importance and wide acceptance due to low
costs and easy detections by naked eye rather than using costly
instrumental setups.2 Therefore, a great effort has been invested
in developing simple-to-make and naked-eye colorimetric
sensors for sensing of metal ions.3

Manganese is an essential trace element found in many
enzymes. However, it is toxic at higher concentration level.4

Overexposure to this metal can damage some tissues and cells of
the human body such as brain, bone, and blood to cause heart
problems and progressive, permanent, neurodegenerative dam-
age, resulting in syndromes similar to idiopathic Parkinson’s
disease with few options for treatment and no cure.5 Manganese
is used in various products such as batteries, fertilizers,
pesticides, ceramics, gasoline additives, and dietary supple-
ments. Thus, it is found in soil, water, plants, and animals.
Consequently, a rapid and convenient method for the determi-
nation of manganese becomes more and more important in
environmental samples. A number of techniques such as X-ray
fluorescence,6 atomic absorption spectrometry,7 anodic stripping
voltammetry,8 and inductively coupled plasma atomic emission
spectrometry (ICP-AES) have been used for manganese deter-
mination, which normally require good infrastructure backup
and expertise. So far, the detection of Mn2+ by using observable
colorimetric chemosensors had been rarely reported in the
literature.9

Schiff-base derivatives are known to have strong binding
ability to metal ions and display different optical properties from
the ligands themselves, which make them good candidates for
cation probes.10 This kind of molecule can be easily synthesized
by the condensation reactions of salicylaldehyde and amine
derivatives.11 Recently, there has been some excellent work
on chemosensors based on the Schiff bases. Gao and his co-
workers designed and synthesized 4-chloro-N-salicylideneani-
line, a highly selective and sensitive chemosensor complex
for the detection of Zn2+.12 Bhardwaj et al. synthesized a new

Schiff base, tripodal receptor capable of functioning as a sensor
for Ag+.13 Wang et al. synthesized a chemosensor for Cu2+

based on a Schiff base, which could behave as a colorimetric
“naked eye” and fluorescent chemosensor for the detection of
Cu2+ and Zn2+ bifunctionally in tetrahydrofuran (THF) solu-
tion.14

In this paper, we synthesized a bis(N-salicylidene)ethylene-
diamine based derivative 1 functionalized with N,N-diethyl-
amino moiety (Scheme 1) and studied its spectroscopic proper-
ties upon coordination with Mn2+. Moreover, its analog 2
without N,N-diethylamino moiety was also synthesized for a
control experiment. As shown in Scheme 1, 1 and 2 were
synthesized by a simple and straightforward method with good
yields by condensating diamine with corresponding salicylalde-
hyde derivatives in anhydrous ethanol.15 In these compounds,
two salicylaldimine moieties are connected by a C=NCC
N=C bond which provides two amine-N and two phenolate-O
binding sites to interact with metal ions and form salen metal
complexes.16 Among the various metal ions, the chemosensor
1 displayed highly selective colorimetric responses with
significant color change upon the addition of Mn2+. Another
advantage of the chemosensor 1 is its solubility in water, which
makes it possible to detect Mn2+ in pure aqueous media. Up to
now, most of the reported colorimetric or fluorometric sensors
were utilized in pure organic solvents or in mixed organic
aqueous media.17 The design and synthesis of chemosensors that
can work in pure aqueous solution with high selectivity and
sensitivity, has become crucially important. Works related to this
area are of great increasing interest. As far as we are aware,
compound 1 is the first colorimetric sensor for detecting Mn2+

in pure aqueous solution.
The photophysical properties of 1 were investigated by

monitoring its absorption spectral behavior upon addition of
various metal ions such as Fe3+, Cu2+, Al3+, Mn2+, Co2+, Ag+,
Ba2+, Ca2+, Cd2+, Zn2+, Hg2+, Cr3+, Mg2+, Pb2+, and Ni2+.
The spectroscopic studies were carried out in pure aqueous
solution at pH 8.0 (20mM boric acidborax). As shown in
Figure 1a, compound 1 exhibits two absorbance bands centered
at 356 and 390 nm, which could be attributed to n³* transition
of C=N and ³³* transitions of benzene rings in 1,
respectively.18 The addition of four equiv of metal ions, such
as Ag+, Ba2+, Ca2+, Cd2+, Co2+, Cr3+, Hg+, Mg2+, Pb2+, and

Scheme 1. Chemical structure of sensors 1 and 2.
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Zn2+, resulted in negligible changes in the absorption spectrum
of 1. A small decrease at 356 nm was observed in the presence of
Fe3+, Al3+, and Ni2+. On the other hand, Cu2+ induced slight
blue-shift absorption with decreased molar absorption coeffi-
cient. The small UVvis spectral changes observed in the
presence of Fe3+, Al3+, Ni2+, and Cu2+ is possibly due to the
metal ion-catalyzed hydrolysis reaction of chemosensor 1.19 It is
also observed that the color of the solutions after the addition of
these ions remained relatively unchanged. Only Mn2+ caused
obvious absorption changes, and a new absorption band centered
at 535 nm appeared, resulting in a color change of the solution
from colorless to red which was clearly visible to the naked eye
(Figure 1b). These results indicated the compound 1 exhibited a
high selectivity for Mn2+ over various other metal ions and thus,
could serve as a good selective naked-eye chemosensor for
Mn2+ in aqueous media.

To understand the coordination behavior between 1 and
Mn2+, a UVvis absorption spectral titration experiment of 1
(12.5¯M) with Mn2+ (0 to 15¯M) in pure aqueous solution
(20mM boric acidborax, pH 8.0) was carried out. As shown in
Figure 2, the original absorption bands centered at 356 and
390 nm gradually decreased with the formation of two new
absorption bands at 325 and 425 nm, generating two isosbestic
points at 335 and 400 nm. These changes indicated the formation
of a new complex between 1 and Mn2+. In addition, a new
absorption band centered at 535 nm appeared with increasing
intensity with increasing Mn2+ concentration. Chemosensor 1,
which bears two strongly electron-donating N,N-diethylamino
moiety groups on the side aromatic ring and the electron-
accepting C=N moiety in the middle, is a type of a donor
acceptordonor molecule.14 The binding ofMn2+ with the imino
nitrogen atom induced the decrease of the electron density of
C=N units and strengthened its electron-accepting character,
which could enhance the charge transfer from N,N-diethylamino
moiety (donor) to C=N group (acceptor) units and consequently
induce spectral changes. Therefore, the new long wavelength
absorption band at 535 nm is most possibly attributed to an
intramolecular charge-transfer (ICT) band. As expected, the ICT
band was significantly influenced by the ability of donating

electrons of the substituted group.2d,20 To understand the crucial
role of the N,N-diethylamino donor group, chemosensor 2 was
synthesized. As shown in Figure 3a, unlike 1, in the case of 2
which has no donor substitutions, no obvious ICT absorption
band is observed after the addition of Mn2+, confirming the
important role of the N,N-diethylamino moiety and the ICT
character of the 535 nm absorption band. Meanwhile, the
intensity of the ICT absorption band at 535 nm is strongly pH
dependant.21 As shown in Figure 3b, the 535 nm ICT band is
very weak in acidic condition (pH <7), possibly due to the
protonation of the N,N-diethylamino moiety, leading to the
decrease in the strength of the donating group and thus a weak
ICT effect. To investigate the practical application of chemo-
sensor 1, the absorbance of the [1 +Mn] complex at 535 nm as a
function of pH was also recorded. The absorbance intensity of
the [1 + Mn] complex at 535 nm in pH >7 environment is much
higher than that in pH <7 environment, which means the best
pH working range of chemosensor 1 for the detection ofMn2+ is
under near neutral and alkaline conditions (pH 7.513).

As shown in the inset of Figure 2, a nearly linear depend-
ance of the absorbance at 535 nm as a function of Mn2+

concentration from 0 to 12.5¯M was observed. The absorbance
at 535 nm reaches the maximum upon addition of nearly 1 equiv
of Mn2+. At the same time, the absorption changes were clearly
visible to the naked eye, showing that the colorless solution
of 1 became red upon titration with Mn2+, even at 1¯M
concentration (Figure 4a), which means that the detection limit
for Mn2+ by naked eye was 1¯M, lower than the limit of

Figure 1. (a) UVvis spectral changes of 1 (12.5¯M) in pure
aqueous solution (20mM boric acidborax, pH 8.0) upon the addition
of four equiv of different nitrate metal salts (50¯M). (b) Color changes
of 1 (12.5¯M) in pure aqueous solution in the presence of four equiv
of various cation ions.

Figure 2. Absorbance spectra of 1 (12.5¯M) with increasing
concentrations of Mn2+ in the form of nitrate salt in pure aqueous
solution (20mM boric acidborax, pH 8.0). Inset: the absorbance at
535 nm as a function of Mn2+ concentration.

Figure 3. (a) The absorbance spectra of chemosensors 1 and 2
(12.5¯M) in pure aqueous solution (20mM boric acidborax, pH 8.0)
in the presence of 25¯M Mn2+. (b) The absorbance intensity of
chemosensor 1 (12.5¯M) at 535 nm in the presence of Mn2+ (25¯M)
at various pH values.
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0.4mgL¹1 (ca. 8¯M) defined by the World Health Organization
(WHO).

To further explore the binding mechanism, Job’s plot of
the UVvis titrations of Mn2+ with a total concentration of
10¯M is shown in Figure 4b. A maximum absorption was
observed when the molar fraction reached 0.5, which is
indicative of a 1:1 stoichiometric complexation between 1 and
Mn2+ for the newly formed species. The ESI mass spectrum of a
mixture of 1 and Mn(NO3)2 also revealed the formation of a 1:1
metalligand complex through the metal coordination interac-
tion, with a major signal at m/z = 463.2039 for [1 +Mn2+ ¹
H]+ (calcd 463.1906) (Figure S822). The association constant of
the newly formed complex at 298K was then determined to be
1.129 © 104M¹1 with a good linear relationship (R = 0.997) by
a 1:1 binding mode (Figure S722). The proposed binding mode
of 1 for the 1:1 equilibrium with Mn2+ is shown in Scheme 2.
Upon the addition of Mn2+ to 1, Mn2+ was coordinated by the
two phenolic hydroxy oxygen atoms and two nitrogen atoms.

The selectivity of 1 (12.5¯M) to Mn2+ (25¯M) was further
demonstrated in the presence of two equiv of other metal ions.
As shown in Figure S9,22 the absorbance intensity of 1 and
Mn2+ at 535 nm was almost unaffected by the presence of other
metal ions such as Ag+, Ba2+, Ca2+, Cd2+, Co2+, Cr3+, Hg2+,
Mg2+, and Zn2+. Only the presence of Pb2+ caused about 25%
decrease of absorbance intensity of 1 at 535 nm.

In summary, we have developed a novel, easily available
colorimetric sensor 1 based on bis(N-salicylidene)ethylenedi-
amine which exhibits highly selective and sensitive recognition
toward Mn2+ in pure aqueous solution. The recognition of Mn2+

gave rise to color change from colorless to red which was clearly
visible to the naked eye. This is, to the best of our knowledge,
the first reported example of a colorimetric chemosensor capable
of detecting Mn2+ in pure aqueous solution. Furthermore, it
could work over a wide pH range from 7.5 to 13.0, which is

important for practical use. We believe that this sensor, with
sensitive and selective naked eye responses as well as wide pH
working range, can be used for many practical applications in
chemical, environmental, and biological systems. We are
currently working toward the development of such a device by
grafting 1 onto functional polymers.
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Figure 4. (a) Photographs of the aqueous solutions of 1 (12.5¯M)
after addition of different concentrations of Mn2+. Left to right: 10, 5,
1, and 0¯M. (b) Job’s plot of the complex formed by 1 and Mn2+ at an
invariant total concentration of 10¯M.

Scheme 2. The proposed binding mechanism of 1 with Mn2+.
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