Synthesis of Heterocyclic Based Potential Ionophores
Shankar Suman1, Ram Singh*2
1,2*

Department of Applied Chemistry, Delhi Technological University, Delhi, (India)

ABSTRACT
Ionophore plays a key role in the sensitivity of an ion-selective electrode (ISE). The creation of cavities and cleft
in the ionophore that are complementary to the size and charge of a particular ion can lead to very selective
interactions. One of the most important figures of merit for ISEs is the selectivity towards a specific analyte,
which is generally limited by the interaction of ionophore within the membrane with other ions in solution.
Ionophores have been synthesized using Schiff’s bases.
Schiff bases have been playing an important part in the development of coordination chemistry. Schiff base
metal complexes have been studied extensively because of their attractive chemical and physical properties and
their wide range of applications in numerous scientific areas. These types of complexes have been vigorously
explored in recent years and such studies have been the subject of many papers and reviews.
The present work emphasizes the synthesis and characterization of ionospheres based on Schiff’s base
complexes of semicarbazide and thiosemicarbazide.

I.INTRODUCTION
Ionophore plays a key role in the sensitivity of an ion-selective electrode (ISE) [1]. The ion-selective electrodes
(ISEs) have their applications in clinical, industrial and environmental analysis [2,3]. The ISEs are very simple,
cheap and low maintenance chemical sensors. These parameters make it advantageous over other analytical
techniques. The measurements with ISEs are done in potentiometric mode and hence the chemical composition
of the sample remains intact can be utilized for further analysis [2,3]. The ISEs are suitable for the monitoring of
heavy metal pollutants in natural water systems where high selectivity and low detection limit are required [4-7].
The ionophore based chemical sensors utilize host-guest chemistry to get high selectivity to specific ions of
interest. The creation of cavities and cleft in the ionophore that are complementary to the size and charge of a
particular ion can lead to very selective interactions.
Ionophores have been synthesized using Schiff’s bases [8]. The Schiff’s bases are imine compounds having
general structure >C=N-. This was first time reported by Hugo Schiff in 1864 [9]. This base is prepared by
condensing carbonyl compounds and amines in different conditions and in different solvents with the
elimination of water molecules. Hence, this is also sometimes called nitrogen analogue of an aldehyde or
ketone. The presence of a dehydrating agent normally favours the formation of the product. Schiff-bases are
generally regarded as good ligands. These bases play an important part in the development of coordination
chemistry. In Schiff’s base, the nitrogen atom of the azomethine group contains a lone pair of electrons in a sp2
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hybridized orbital which facilitates its chelating ability. Schiff base metal complexes have been widely studied
due to their attractive chemical and physical properties and wide range of applications in numerous scientific
areas [10-16]. These types of complexes have been vigorously explored in recent years and such studies have
been the subject of many papers and reviews. The metal complexes of the Schiff bases are prepared by reacting
metal salts with Schiff base ligands under suitable reaction conditions. Few applications of Schiff base metal
complexes are:

(i) As electroluminescent materials: Organic electroluminescent (EL) devices are useful in flat-panel
displays [17]. The principle was based on employing a multilayer device structure containing an emitting layer
and a carrier transport layer of suitable organic materials. The three major categories of materials applied in the
fabrication of organic EL devices are organic dyes, chelate metal complexes and polymers. Out of the three,
chelate metal complexes having high-luminance blue emitting nature find use as materials for red, green, and
blue (RGB) emission [17].

(ii) In non-linear optical devices: Nonlinear optics (NLO) deals with the interactions of applied
electromagnetic fields with various materials. This interaction generates new electromagnetic fields with change
in frequency, phase, or other physical properties. This types of materials are able to manipulate photonic signals
efficiently are useful in optical communication, optical computing, and dynamic image processing [18-22].

(iii) In electrochemical sensors: Schiff bases have been used as carriers in the preparation of
potentiometric sensors for determining cations and anions [23-31]. The metal-Schiff base complex has been
used in the fabrication of chloride PVC-based membrane sensor [32].

(iv) In medicinal chemistry: Many Schiff bases are known to be medicinally important and used to design
medicinal compounds [33-36]. However, the metal-Schiff base complexes showed either increase or decrease in
their efficiency towards biological evaluations [37-39].
The selectivity of ISE is an important parameter and describes the ability of the electrode to differentiate
between different types of ions. The selectivity coefficients are usually determined by two methods: separate
solution method (SSM) and fixed interference method (FIM) [15]. Both are based on the Nikolsky–Eisenman
equation and require close to Nernstain slopes for primary and interfering ions [40-42].

II.EXPERIMENTAL SECTION
All the chemicals used in the synthesis were purchased from reputed companies and used as received. Thinlayer chromatography was used to monitor reaction progress. Compounds were purified by crystallization.
Melting points were determined on a melting point apparatus and are uncorrected. IR (KBr) spectra were
recorded using Perkin-Elmer FTIR spectrophotometer and the values are expressed in cm-1. The 1H NMR
spectra were recorded on Bruker Spectrospin spectrometer at 300 MHz using TMS as an internal standard. The
chemical shift values are recorded on  scale and the coupling constants (J) are in Hz.
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Synthesis of Schiff Base (3): The carbonyl compound (1 mmol) was dissolved in minimum amount of
ethanol. The equimolar amount of semicarbazide (1 mmol) was dissolved in water. Both the solution was mixed
and sodium acetate (1 mmol) was added in it. The reaction mixture was initially cooled in ice cooled water. A
yellow brown precipitate was formed. The solution was further heated at 40 o C for 2 hr. The reaction mixture
was cooled to room temperature. A yellow brown solid precipitated out. The solution was filtered and solid was
washed with ethanol and dried over P2O5. The ligands were re-crystallized from benzene.

Copper complex of 3a: A hot ethanolic solution of 3a (1 mmol) was mixed with an ethanolic solution of
copper nitrate in the molar ratio of 2:1. The solution was made slightly basic with a drop of ammonium
hydroxide. Instantly a greenish precipitate was formed. The mixture was refluxed for 2 hours at 40 o C. On
cooling the contents the brown coloured compound separated out. The same was filtered, washed with 50%
ethanol, recrystallized in ethanol and dried in vacuum.
CuNO3 + 2 3a → [ Cu(3a)2]
-1

FT-IR (KBr) cm : (NH2)3329; (CH) 2942; (C=N) 1589; (C=O) 1725; (C-S-C) 657
CuNO3 + 2 3b →

[ Cu(3b)2]

-1

FT-IR (KBr) cm : (NH2) 3705; (NH) 3422; (C=N) 1534; (C=S) 824; (C-S-C) 710

Preparation of Electrodes. A mixture of Cu-L ionophore (2 mg), powdered PVC (35 mg), and plasticizer
(50 mg) was taken in 3 mL of THF. The resulting clear mixture was evaporated slowly to obtain an oily
concentrated mixture. A Pyrex tube (5-mm O.D.) was then dipped into the mixture for ∼20 s to get a
nontransparent membrane on it. The tube was then pulled out from the mixture and kept at room temperature for
∼2 h. The tube was then filled with an internal solution of sodium sulphate (Na2SO4) (1.0 × 10-3 M). The
electrode was finally conditioned for 48 h by soaking in a sodium sulfate solution (1.0 × 10-2 M). A silver/silver
chloride electrode was used as the internal reference electrode.

EMF Measurements. The EMF measurement with the polymeric membrane electrodes will be carried out
with the following cell assemblies:
Ag-AgCl | KCl (3 M) | internal solution, 1.0 × 10 -3 M Na2SO4 | PVC membrane | test solution | Hg-Hg2Cl2, KCl
(satd)

III.RESULTS AND DISCUSSION
Schiff’s base ligands are potential ionophore for heavy metal ions in the PVC membrane electrodes. This is due
to its excellent metal-binding capacity. The Schiff’s base is easily prepared from carbonyl compound and amine
or aniline derivatives. In present case, carbonyl compounds 1 was dissolved in minimum amount of ethanol and
equimolar amount of semicarbazide was dissolved in water and was mixed. Further, sodium acetate was added
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in it. The reaction mixture was initially cooled in ice cooled water. A yellow brown precipitate of the product
was formed which was re-crystallized from benzene (Scheme 1).
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Scheme 1: Synthesis of Schiff’s base Ligand
The copper complexes of the synthesized ligand were prepared by mixing a hot ethanolic solution of 3a with an
ethanolic solution of copper nitrate in the molar ratio of 2:1. The solution was made slightly basic with a drop of
ammonium hydroxide. Instantly a greenish precipitate

was formed. The mixture was refluxed for 2 hours at

o

40 C. On cooling the contents the brown coloured compound separated out. The analytical data of the
complexes and ligands were consistent with the structure. The complexes

have been stable at the room

temperature. The prepared complexes were further used for the preparation of electrodes having PVC
membrane. The other spectroscopic data and potentiometric measurements are under progress.

IV.CONCLUSION
We have synthesized Schiff’s base using methyl-2-thienyl ketone and methyl-2-furyl ketone and semicarbazide
and thiosemicarbazide. The prepared ligands were complexed with copper nitrate and used for the preparation of
electrode. In the preliminary experiments, we found that the plasticized PVC based membranes containing Cu-L
as a ionophore, generated stable potentials in solutions containing the sulfate ion. The membranes revealed
remarkable selectivity for SO42-. The detail studies are in progress.
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