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1. Introduction

The copper affects in various environmental pollutions
and biological processes due to its property of cycle
between multiple oxidation states1). The magnesium
also affects in various biological processes and environ-
mental2). Hence, sensing and monitoring for these
copper and magnesium metals are important to human
and environmental. Many researchers have been investi-
gated for various kinds ofchemosensor based on different
chromophores and phosphors such as anthraquinone,
coumarin, rhodamine3). Chemosensors based on these
materials plays a role as useful materials for detection
of metal ions due to their selectivity and sensitivity
and real time monitoring‐ 4 6)‐ . The rhodamine dye material
has been used widely to investigate chemosensors due
to its excellent fluorescence property7).
As is well known, rhodamine deri‐ vatives provides

an proper mode for the frame of new ‘off on’‐ type
fluorescence sensor based on spiro‐lactam (non-fluore-
scent) to ring-opened amide (fluorescent) process utilized
for the detection of metal ions8 10)‐ .
In this study, we have designed and synthesized a

†Corresponding author: Young-A Son (yason@cnu.ac.kr)
Tel.: +82-42-821-6620 Fax.: +82-42-823-3736

novel chemosensor based on rhodamine 6G derivatives.
This novel chemosensor detected Cu2+ and Mg2+ ions,
which showed yellow and green fluorescence emission
visible to naked eye with compared to other inve‐ -
stigated metal ions. Its properties of Cu2+ and Mg2+

detection were investigated and analyzed in fine
points. Structural analysis of this novel dye sensor
was identified by 1H NMR, Mass and Elemental‐
analysis. Optical sensing properties were investigated
using UV Vis absorption and fluorescence emission‐
measurement.
The metal complex formation was measured by

Job’s plot method. Finally, electron distribution and
energy level calculation such as HOMO and LUMO
was computationally simulated using DMol3 program
of Materials Studio 4.3 package.

2. Experimental

All the reagents and solvents, used for synthesis of
rhodamine 6G based chemosnesor 1, were purchased
form Aldrich and used without further purification.
Absorption and fluorescence spectra of the prepared
novel chemosensor 1 were measured with and Agilent
8453 spectrophotometer and a Shimadzu RF 5301PC‐
fluorescent spectrophotometer, respectively.
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Scheme 1. The synthetic route for chemosensor 1

1H NMR spectra and elemental analyses were recorded
with JNM AL400 spectrometer operated at‐ 400MHz
NMR and a Carlo Elba Model 1106 analyzer, respec-
tively. Mass spectra were recorded on a JEOL M
Station [JMS 700]. HOMO/LUMO calculation and mo‐ -
delling simulation proceed with DMol3 of Material
Studio 4.3. Electron distributions and energy potentials
were also calculated with Material Studio 4.3.
Rhodamine 6G based dye compound was synthe-

sized through 2step reaction with rhodamine 6G hydra-
zide and 2 hydroxy 1 naphthaldehyde.‐ ‐ ‐ The scheme was
shown in Figure 1. Rhodamine 6G hydrazine is
prepared according to the literature method11 17)‐ .
Rhodamine 6G Hydrazide (1.5mmol, 0.6437g) and

2‐hydroxy‐1‐naphthaldehyde (0.258mmol, 0.2582g) were
dissolved in absolute EtOH.
The mixture solution was mixed and added 3 drops

of acetic acid. After 8h, reaction mixture cooled to
room temperature, yellow precipitate was filtered off,
washed with EtOH. Obtained solid was recrystallized
from MeCN/Water to give chemosensor 1 as 0.6620g
(76% yield).
1HNMR (400MHZ, CDCl‐ 3) : 9.78 (1H, s), 8.04(1H, t,

J=4.4Hz), 7.80 (1H, d, J=8.8Hz), 7.66 (2H, t, J= 7.2Hz),
7.54 (2H, q, J=4.7Hz), 7.44 (1H, t, J=7.6Hz), 7.14 (1H, t,
J=4.4Hz), 7.09 (1H, d, J=9.0Hz), 6.47 (2H, s), 6.33 (2H,
s), 3.50 (2H, s), 3.20 (4H, q, J=6.8Hz), 1.87 (6H, s),
1.29 (8H, t, J=7.1Hz). MS: 582 (M+).

3. Results and Discussion

3.1 UV Vis and fluorescence spectra response

of chemosensor 1

We measured UV Vis and fluorescence spectra to‐
further investigate the selectivity of chemosesnor 1
for the result as shown Figure 1.

Figure 1. The picture of absorption (top) and fluorescence
(bottom) change of chemosensor 1 (10 M) to various metalμ
ions (10 M) in MeCN (Tris HCl pH 7.2).μ ‐

Figure 2. UV Vis spectra of chemosensor 1 (10 M) uponμ‐
addition of different metal ions (10 M) in MeCN (Trisμ ‐
HCl pH 7.2). Inset: photographs of color change for
sensor 1 toward Cu2+ and Mg2+ in MeCN (Tris HCl pH‐
7.2).

As shown in Figure 2, without metal ions, chemo-
sensor 1 scarcely showed an absorption at 500~600nm.
Upon addition of different metal ions, the chemo-
sensor 1 with Cu2+ and Fe3+ showed absorptions.
Absorption peak of Cu2+ was higher than other metal
ions at 525nm. Absorption peak of Fe3+ also showed
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minor increase. As shown in Figure 3, without metal
ions, chemosensor 1 showed non fluorescence. Upon
addition of different metal ions, Cu2+ and Mg2+ only
showed orange and green fluorescence at 567nm and
509nm, respectively. Toward Cu2+ and Mg2+, we expect
that this chemosensor 1 for absorbance and emission
changes are due to spirolactam ring structure. When
spirolactam ring closed, it shows colorless and non‐
fluorescence.
However, color and fluorescence appear when spiro-

lactam ring open14). Through former researches, this
chemosensor 1 can be turn ‘off on’ type and dual‐
type chemosensor toward Cu2+ and Mg2+15).

3.2 Cu
2+
and Mg

2+
titration of chemosensor 1

The chemosesnor 1 showed properties of detecting
Cu2+ and Mg2+. In this regard, we also investigated
titration of Cu2+ and Mg2+ with chemosesnor 1.
As shown in Figure 4, upon addition of Cu2+, the

absorption intensity increased at 529nm peak. The
absorption wavelength was red shifted from 388nm to
529nm. Absorption intensity of the peak decreased at
388nm and absorption intensity at 529nm was enhanced.
This enhancement was saturated with over 6 equiv.
Mg2+ titration was also shown similar results with
Cu2+ titration. Upon addition of Mg2+, the absorption
also increased at 448nm. The absorption wavelength
was red shifted from 388nm to 448nm. The color change‐
from colorless to yellow was shown with 60nm red
shift. The increase was saturated with over 16 equiv.
As shown in Figure. 5, upon addition of Cu2+, the

emission also increased at 557nm. This increase was
saturated with over 6 equiv. Upon addition of Mg2+,
the emission increased at 510nm. The increase was
saturated with over 30 equiv. These results indicate
that the chemosensor 1 has a property of application
for quantitatively useful detection probe toward Cu2+

and Mg2+.

3.3 Job s Plot Method’
We investigated the binding ratio between chemo-

sensor 1 toward each Cu2+ and Mg2+ using the Job’s
method18).

Figure 3. Fluorescence spectra of chemosensor 1 (10 M)μ
upon addition of different metal ions (10 M) in MeCNμ
(Tris HCl pH 7.2). Inset: photographs of fluorescence‐
change for sensor 1 toward Cu2+ and Mg2+ in MeCN
(Tris HCl pH 7.2).‐

Figure 4. UV Vis spectra of chemosensor 1 (10 M) uponμ‐
addition of different mole concentratons for (a) Cu2+ (10μ
M) and (b) Mg2+ (10 M) in MeCN (Tris HCl pH 7.2).μ ‐
Inset: The non linear graph of absorbance spots toward (a)‐
Cu2+ and (b) Mg2+.
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Figure 5. Fluorescence spectra of chemosensor 1 (10 M)μ
upon addition of different mole concentration for (a) Cu2+

and (b) Mg2+ (10 M) in MeCN (Tris HCl pH 7.2). Inset:μ ‐
the non linear graphs of fluorescence intensity spots‐
toward (a) Cu2+ and (b) Mg2+.

The relationship between maximum absorption peaks
versus various mole fractions is shown in Figure 6.
From the findings with Cu2+, chemosensor 1 exhi-

bited that the mole fraction was close to 50%.

Figure 6. Job’s plot method of chemosensor 1 (10 M) with addition of different mole concentrations for (a) Cuμ 2+

and (b) Mg2+ (10 M) in MeCN (Tris HCl pH 7.2).μ ‐

In this regard, Result for Cu2+ indicated 1:1 complex
stoichiometry composition between chemosensor 1 and
Cu2+ ions. However, Result for Mg2+ showed that the
mole fraction was close to 33% and indicated 2:1
complex stoichiometry composition between chemosensor
1 and Mg2+.

3.4 The calculation of electron distributions

and HOMO/LUMO energy levels with DMol
3

of Material Studio 4.3

We computationally calculated to investigate elec-
tron distributions and HOMO/LUMO energy levels of
chemosensor 1.
It has been simulated with Material Studio 4.3

suite of program which is the quantum mechanical
code using density functional theory. Perdew Burke‐ ‐
Ernzerhof (PBE) function of generalized gradient
approximation (GGA) level with double numeric polari-
zation basis set was used to calculate the energy
level of the frontier molecular orbits19 21)‐ . As shown
in Figure 7, chemosensor 1 was calculated electron
distributions and its HOMO/LUMO energy levels of
chemosensor 1.
The E value was finally calculated 2.235eV.△

HOMO and LUMO states were showed that electron
distributions moved from xanthene part to spirolactam
and 2 hydroxy‐ ‐1‐naphthaldehyde parts in structure of
chemosensor 1. This indicates that chemosensor 1 has
interesting property of intra molecular charge transfer
system.
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Figure 7. Electron distributions and HOMO/LUMO energy
levels of chemosensor 1.

4. Conclusions

In this study, we have designed and synthesized
novel chemosensor 1. This chemosensor 1 showed sign-
ificant absorption and fluorescence response toward
Cu2+ and Mg2+. The binding ratios of chemosensor 1
toward Cu2+ and Mg2+ were also investigated by
Job’s plot method. HOMO/LUMO energy potential
was calculated and the electron density distribution
was simulated with energy excitation.
Above investigated results indicated that chemosensor

1 is ‘off on’ and dual type sensing material for Cu‐ 2+

and Mg2+.
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