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Abstract
A novel ratiometric �uorescence sensor, (E)-N'-((8-hydroxyquinolin-2-yl) methylene) thiophene-2-
carbohydrazide has been constructed for the selective and sensitive detection of Mg2+ ion. Fluorescence
sensing of Mg2+ is highly solvent as well as imine structure dependent. It showed a signi�cant
�uorescence ratiometric towards Mg2+ions. The receptor 8-HQC-2TCH exhibited a good binding constant
and lowest detection limit for Mg2+. These phenomena result from the rapid coordination between Mg2+

and 8-HQC-2TCH in the presence of Mg2+, which leads to the theoretical ratiometric of the �uorescence of
probe. On the basis of these �ndings, ratiometric �uorescence sensor for the detection of Mg2+ ion
reveals a good linear response to Mg2+ ranging from 0 to 60 mM with a detection limit of 3.9 x 10-7 M.
Furthermore, the sensing assay is applicable to detecting Mg2+ in real samples.

Introduction
Many chemistry, biologists and medical & pharmaceutical have attracted towards the design and
development of highly sensitive �uorescent probes, for the detection of various metal ions in
environmental and biological systems. [1-3] Magnesium is the major indispensable metals due to its
capability to mediate in many enzyme-catalyzed reactions in biochemists of in addition humans [4-6],
these elements have an important role in regulating a wide variety of physiological and pathological
processes [7]. Magnesium is found in the bones as macronutrient, and involved in the bone remodelling
skeletal development [8,9]. Magnesium de�ciency has caused number of chronic diseases, such as
osteoporosis, hypertension, coronary heart disease, and diabetes [10-12]. Magnesium research has
aroused its importance in clinical medicine, especially for the of nutrition and physiology [13,14], however,
when compared with the other metal ions [15-17], only few reports exists address Mg2+ . In general,
�uorescence probes, has limited their practical usage in low sensitivity and selectivity [18,19] and higher
detection limits [20,21]. The main principles behind sensing mechanisms are intramolecular charge
transfer (ICT), photo induced electron transfer (PET), intermolecular hydrogen bonding, and �uorescence
resonance energy transfer [22-27]. Ratiometric sensing is highly preferred in which higher accuracy in
quantity analytes needed [28]. Aprotic solvent with high selectivity is desirable for the design and
synthesis of probes for Mg2+ detection [29-34]. In this reaction, Schiff-bases nitrogen–oxygen-rich
coordination [35-39], �uorescence group will probably emit �uorescence in the presence of metal ions is
selective feasible to design and develop a �uorescent probe [40-43]. 

Chemical Sensors

A chemical sensor is a device that transforms chemical information, ranging from the concentration of a
speci�c sample component to the total composition analysis, into an analytically useful signal. [50] 

Especially quinoline derivative in which higher accuracy in quantity analytes needed. Hence, Schiff base
with of 8-hydroxyquinoline-2-carboxaldehyde moiety has been report for development of a turn-on
�uorescent responsive molecular sensor for Mg2+. The probe was characterized by ESI-MS and NMR
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techniques. The �uorescence experiments of selected metal ions display a dramatic �uorescence
intensity enhancement for Mg2+ over all other cations were carried out at the explore results 8-HQC-2TCH
is a suitable probe to sense Mg2+ ion. Binding mechanism of 8-HQC-2TCH +Mg2+ was also studied by
using DFT.

Results And Discussion
Characterizations UV-vis spectral studies

The absorption of 8-HQC-2TCH towards different metal cations was investigated by adding of Al3+, Cd2+,
Co2+, Cu2+, Fe3+, Hg2+, Mg2+, Mn2+, Ni2+, Pb2+, Zn2+ in DMSO as their metal salts. To being with, the 8-
HQC-2TCH was characterized by UV-Visible absorption Spectroscopy and the observed results are shown
in (Fig. 4A). The UV-visible spectrum displays 8-HQC-2TCH absorption band 300 nm could attribute to π-
π* transitions. The Mg2+ ion was signi�cant to be a new absorption band at 430 nm. Quantitatively
shifted in direction to check the sensitivity of the 8-HQC-2TCH towards Mg2+ ion, the sensitivity
investigates were also performed by the addition of several concentrations of Mg2+ ions. Absorption
bands at 430 nm are slowly increased with may be due to the formation of the complex (Fig. 4B).         

The absorption spectrum of 8-HQC-2TCH was recorded in the range of 0-60 mM of Mg2+and observed the
detection limit 3.6 x10-7 M for Mg2+ ion by using the absorbance titration data. The competitive studies of
HQC-2TCH for Mg2+ in the presence of other metal ions revealed that Al3+, Cd2+, Hg2+ Cr3+, Fe3+, Mn2+,
Co2+, Ni2+ and Cu2+ had negligible interference. But no turn-on �uorescence was observed for Mg2+ in the
presence of Transition metal ions, showed a strong in�uence on the Mg2+ selectivity that could be due to
the stronger coordination with HQC-2TCH (see Figure. S5-6).

Fluorescence analysis of 8-HQC-PTH detection of Mg2+

The �uorescence spectra of compound 8-HQC-2TCH with its metal ions showed (Fig.7A). The emission
band obtained from 8-HQC-2TCH was quite signi�cant in the presence of Mg2+ ion. 8-HQC-2TCH showed
�uorescence intensity at 480 nm and the new band appeared at 600 nm while upon addition of Mg2+ ion,
con�rm that the �uorescence intensity displays Mg2+ ions induced �uorescence changes, while other
metal ions did not �uorescence changes, which clearly indicate, that the 8-HQC-2TCH has good selectivity
towards Mg2+ ion over the additional competing cations. 

Fluorescence spectroscopic titrations were also carried out under similar conditions to obtain a better
insight into the response of 8-HQC-2PTCH towards Mg2+ ions. As shown in (Fig. 7B),when excited at 340
nm, the �uorescence band at 480 nm decreased and a band at 600 nm increased which provides
ratiometric �uorescence spectra, and isoemittive point at 550 nm, when the gradually increasing the
concentration of Mg2+ ion from 0 to 70 mM.  Moreover, the quenching e�ciency was analysed by
following Stern-Volmer Eqn 2: 
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F0/F = Ksv [Q] + 1……… (eqn. 2)

Where F0 and F are the intensities of 8-HQC-2TCH before and also after the addition of Mg2+, and [Q] is

the molar concentration of the Mg2+ and Ksv is the quenching constant. The detection limit to be found

4.9 x 10-8 M for 8- HQC-2TCH. The binding constant 4.3 x10-3 M-1 accrues for the completed was (Fig. 8A-8B). 

Competitive of 8-HQC-PTH

            The �uorescence response of the sensing system towards Mg2+ ion in the presence of other metal
ions was studied and the data were shown in (Fig. 9). The orang bars represent the �uorescence intensity
of 8-HQC-2TCH with metal ions and the Cyan bar represents the �uorescence intensity of 8-HQC-2TCH +
Mg2+ with other competing cations. The presence of the selected metal ion does not interfere with Mg2+

complex with the 8-HQC-2TCH, indicates that negligible interference effects on Mg2+ sensing were
absent. The sensor 8- HQC-2TCH was effective to form a 1:1 complex, are con�rmed by Job’s plot
analysis. This binding stoichiometric was further con�rmed by ESI-MS (Fig. 10-11).

Intramolecular charge transition (ICT) mechanism has been proposed in this study under investigational
conditions. The ICT from the electron-rich quinoline to hydrazide takes place (Scheme 2), when Mg2+ ion
added, the charge transfer was arrested due to the strong complexation of Mg2+ with 8- HQC-2TCH.
Though four coordination of Mg2+ ion with the hydroxyl of quinoline ring, the nitrogen of quinoline moiety
(N), imine nitrogen (C=N) and the nitrogen (-NH) of hydrazide moiety was proposed. In addition, it is well
known that Mg2+ ion (a Soft acid), differently interacts with the nitrogen, and hydroxyl group according to
Pearson's HSAB theory. The modi�cations in the �uorescence spectrum, quenching intensity atb480 nm
the new band at 600 nm were of Mg2+ ion, obviously justi�ed.

Mechanism of Sensing Fluorometric Mg2+ ion 

The proposed geometry of the probe (8-HQC-2TCH) was optimized using DFT-B3LYP 6-31G level using
Gaussian 09 package. Binding sites of complex with Mg2+, experimental �nding supports Job's plot. DFT
calculations, shows that the quinoline unit act as HOMO whereas thiophene unit act as LUMO of 8-HQC-
PTH, indicating that the intramolecular charge transfer (ICT) slightly takes place from the quinoline unit
to hydrazide unit. 

The ICT is inhibited resulting in remarkable �uorescence quenching. For the Mg2+ complex the HOMO act
as thiophene part and the electron density are found to spread over whole moiety at LUMO, which
indicates restriction of the ICT process and �uorescence quenching is occurs. In addition, the energy gap
between the HOMMO and LUMO of the chemosensor is higher than it’s complex, this is clearly indicate
that strong chelation occurred between the Mg2+ and chemosensor (Fig. 12).

Table 1. Comparison table for various probes for the detection of Mg2+.
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S.N 8-HQC-2TCH Metal Detect
limit

Application Ref

1 Isatin-3-(7-Methoxychromone-3-
methylidene) hydrazone

Mg2+ 5.16 x
10-7 M

Fluorescent “turn-on”
sensor

45

2 4-hydroxy-3-((2-hydroxy-5-
methylphenyl)diazenyl)-2H-chromen-2-
one

Mg2+

& 

F-

2.4 x
10-8 M

&

2.3 x
10-8 M

Fluorescent “turn-on-
off” sensor

46

3 N-(1H-benzo[d]imidazol-2-yl)quinoline-
2-carboxamide (QLBM)

Cu2+,
Fe3+

1.35×
10−7 M

&

1.24 ×
10−7 M

Fluorescent sensor and
Live cell imaging

48

4 N-(quinolin-8-yl)-2-(quinolin-8-yloxy)
acetamide

Zn2+

&
Cd2+

1.8 ×
10-4 M

&

1.9 x
10-7 M

Fluorescent “turn-on”
sensor

47

5 2-Hydroxyquinoline-3-carbaldehyde Zn2+

&
Ni2+

7.2 x
10-8 M

&

3.3 x
10-7 M

Live cell imaging on

lung cancer cell line

49

6 (8-HQC-PTH) Mg2+ 4.9 x
10-8 M

Ratiometric
Fluorescent sensor

This
work

Conclusion
In conclusion, a highly selective and sensitive �uorescence chemosensor 8-HQC-2TCH molecule in DMSO
solution for Mg2+ ion is reported. The 8-HQC-2TCH has been characterized by NMR and ESI-MS
spectroscopy. The detection limit to be found 4.9 x 10− 8 M for 8- HQC-2TCH. The sensing mechanism of
this ratiometric chemosensor has been con�rmed by using DFT and NMR titration analysis. 8-HQC-2TCH
expresses a clear ICT mechanism and the later addition of the Mg2+ ions indicates the suppresses of ICT
and a new band seen at 590 nm. This is used for selectivity and sensitivity experiments. All the
spectroscopic experiments were results at room temperature.
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Experimental
Materials and methods

All solvents and chemicals employed for synthesis were commercially available and purchased from
Aldrich and Merck and used without further puri�cation. The ligand 8-HQC-2TCH was synthesized by the
benign method developed in our laboratory and characterized by different spectroscopic techniques.  UV-
Vis spectra were recorded on a JASCO-500 spectrophotometer with a quartz cuvette (cell length 1cm).
The �uorescence spectra were recorded with an Agilent Cary Eclipse Fluorescence Spectro�uorimeter. 1H
and 13C NMR spectra were recorded on a BRUKER 300 MHz spectrometer using CDCl3 and DMSO-d6as
solvent using TMS as the internal standard. ESI-MS analysis was performed on the positive and negative
ion modes on a liquid chromatography–ion-trap mass spectrometry instrument (LCQ Fleet, Thermo Fisher
Instruments Limited, USA). DFT calculations were performed at the B3LYP/LANL2DZ (d) level using the
Gaussian 09 program.

Determination of the limit of detection and binding constant

The foundation of the �uorescence titration curve of 8-HQC-2TCH with the addition of Mg2+ (0−70μM),
the detection limit was acquired. The standard deviation of blank control was �nalized when the
�uorescence intensity of 8-HQC-2TCH was measured. The detection limit was determined by the
following equation [44] 1: 

Detection limit = 3σi/k……… (eqn. 1)

 Where σi is the standard deviation of the blank experiment, and k is the slope between the �uorescence

ratios (Imin/Imax) versus Mg2+ concentration. 

Preparation of Sensors solution  

A sensing study of the solution of probe 8-HQC-2TCH (1 x10-3)was prepared in DMSO solution. Metal ion
solutions were prepared in the equal concentration using double distilled water. Standard solution of 8-
HQC-2TCH (50 µL) was prepared diluted by using DMSO solvents    (2 ml of DMSO to an absolute
concentration of 25 µM),

Synthesis of probe (8-HQC-2TCH)

The 2-thiophene carboxylic acid hydrazide (0.034g, 1mmol) was slowly added to the 8-hydroxyquinoline-
2-carbaldehyde (0.04 g, 1mmol) dissolved in ethanol solvents (15 ml). The reaction mixture was re�uxed
at 85ºC for 6h. The progress of the reaction was monitored by thin layer chromatography and after
completion of the reaction, the reaction mixture was cooled to 27 0C. A yellow solid was obtained with
85% yield. 
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As shown in (Scheme 1), the reaction between 8-hydroxyquinoline-2-carbaldehyde and 2-thiophene
carboxylic acid hydrazide produced a Schiff’s base as a yellow solid with 85% yield, were fully
characterized by NMR and ESI-Mass. The 1H1 NMR, 13C NMR, and ESI-Mass spectra are delivered in the
(see Figure. S1-3).
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Scheme
Scheme 1 is not available with this version

Scheme 2 is available in supplementary section.

Figures

Figure 1

Figure 4A. UV–Vis. Spectra of 8-HQC-2TCH (25 µM) in the presence of various metal ions such as K+,
Mg2+, Ba2+, Cu2+, Al3+, Fe3+, Zn2+, Cd2+, Hg2+ and Cr3+ (25 µM) in DMSO. B. UV–Vis. Spectra of 8-HQC-
2TCH (25 μM) upon the titration of Mg2+ 0 to 60 mM in DMSO.
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Figure 2

Figure 7A. Fluorescence spectra of 8-HQC-2TCH (25 µM) in the presence of various metal ions such as K+,
Mg2+, Ba2+, Cu2+, Al3+, Fe3+, Zn2+, Cd2+, Hg2+ and Cr3+ , λex370nm (25 µM) in DMSO. B) Fluorescence

spectra of 8-HQC-2TCH (25 μM) upon the titration of Mg2+ (0 to 70 mM) in DMSO.

 

Figure 3

Figure 8A. Linear relationship plot obtained from �uorescence titration of 8-HQC-2TCH (mM) with a
concentration of Mg2+ ions (0 to 70 mM.). Figure B. Benesi-Hildebrand plot, determination of the Binding
constant for 8-HQC-2TCH with Mg2+ ion.
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Figure 4

Figure 9. Competitive experiments of 8- HQC-2TCH toward Mg2+: Cyan bars represent of various metal
ions with an added into an 8-HQC-2TCH + Mg2+ in DMSO solution and Orange bars represent
�uorescence intensity of 8-HQC-2TCH + Metal ions, λex370nm (25µM).  
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Figure 5

Figure 10. Job’s plot Fluorescence intensity of diagram between 8- HQC-2TCH and Mg2+ ion.

Figure 6
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Figure 11. Mass Spectrum of 8- HQC-2TCH + Mg2+ ion.

Figure 7

Figure 12. HOMO and LUMO of probe (8-HQC-NH) calculated with DFT/TD-DFT at B3LYP/6-31G (d) level
using Gaussian 09.
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