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Abstract

N,N'-Ethylenebis(salicylimine) Schiff base ligand and their metal complexes have been synthesized and
widely studied for catalytic and biological activities. In this work, this ligand was alternatively examined in
terms of optical sensing property among cations. Novel polymeric membrane optical sensor based on N,N'-
Ethylenebis(salicylimine) was fabricated for the highly selective detection of trace Fe(Il) by incorporating this
Schiff base into a plasticized polyvinyl chloride (PVC) membrane along with the presence of potassium
tetrakis(4-chlorophenyl)borate as a cation exchanger to enhance the performance of sensor. Optical sensing
properties of the fabricated sensors were comparatively examined towards Al(111), Cr(111), Fe(1I), Co(11), Ni(Il),
Cu(Il), and Zn(II) using UV-Visible spectrophotometric technique. Such membranes were found to be selective
to Fe(ll) over other cations and the resulting complex was observed at 514 nm in the absorption spectra. The
linear working concentration range was found to be 10 to 10 M of Fe(Il) with the response time of 10
minutes. The interaction between N,N'-Ethylenebis(salicylimine) and Fe(ll) at the membrane-aqueous
interphase was also explored using FT-IR spectroscopy. The shift in ~C=N- and C—-O stretching frequencies
suggested the coordination of ligand with Fe(Il) ion through the N>O> donor moiety of the tetradentate Schiff
base. Scanning electron micrograph (SEM), corresponding with energy dispersive X-ray (EDS) spectra,
indicated the ion exchange between K(I) in the membrane and Fe(ll) in aqueous solution, promoting the
complex formation as brown solid particles deposited on the membrane surface after conditioning in Fe(Il)
solution overnight. The modified membrane sensor was then applied for the determination of Fe(ll) in real water
samples and showed no significant difference compared with standard AAS method.

Keywords: Optical membrane sensor; N,N'-Ethylenebis(salicylimine); Fe(11)
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Figure 1 SEM micrograph (A1) and EDS spectrum (A2) of the fabricated membrane (yellow), compared with
SEM micrograph (B1) and EDS spectrum (B2) of the membrane conditioned in 107 M Fe(1l) solution (brown).
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Abstract

Novel polymeric membrane optical sensor based on N,N'-Ethylenebis(salicylimine) was fabricated in this
work for the highly selective detection of Fe(Il) ion. This Schiff base ligand was incorporated into a plasticized
polyvinyl chloride (PVC) membrane along with the presence of potassium tetrakis(4-chlorophenyl)borate as a
cation exchanger to enhance the performance of sensor. Optical sensing properties of the fabricated sensors
were comparatively examined towards AI(I), Cr(ill), Fe(ll), Co(ll), Ni(ll), Cu(ll), and Zn(Il) using UV-
Visible spectrophotometric technique. Such membranes were found to be selective to Fe(ll) over other cations
and the resulting complex was observed at 514 nm in the absorption spectra. The linear working concentration
range was found to be 10 to 107 M of Fe(ll) with the response time of [0 minutes. The interaction between
N,N'-Ethylenebis(salicylimine) and Fe(ll) at the membrane-aqueous interphase was also explored using FT-IR
spectroscopy. The shift in —C=N- and C-O stretching frequencies suggesting the coordination of ligand with
Fe(1l) ion through the N>O, donor moiety of the tetradentate Schiff base. Scanning electron micrograph (SEM),
corresponding with energy dispersive X-ray (EDS) spectra, indicated the ion exchange between K(I) in the
membrane and Fe(ll) in aqueous solution, promoting the complex formation as brown solid particles deposited
on the membrane surface after conditioning in Fe(Il) solution overnight. The modified membrane sensor was
then applied for the determination of Fe(Il) in real water samples and showed no significant difference
compared with standard AAS method.

Keywords: Optical membrane sensor; N.N'-Ethylenebis(salicylimine); Fe(1l)

stabilize higher oxidation states of the metal ion
while the imine nitrogen atoms are soft donors and
stabilize lower oxidation states. Consequently, the
complexes between salen and different metals in
various oxidation states have been reportedly
prepared and investigated. [2, 8-9]. Interestingly,
however, several studies on metal-salen complexes
and their derivatives have been mostly carried out
possesses the N2O» donor moiety available for the 11‘1 WS Spms fedia/piiass am;i mxght b .be able
) p LT A reuse due to the non-reversible interaction. There

metal complex formation via four coordinating ) . ar :
& are also a few reports regarding their

electrochemical and optical sensing properties
towards typical anions [10-12]. Investigation on a

Background

N,N'-Ethylenebis(salicylimine), salen, is a
tetradentate  chelating ligand widely used in
transition metal chemistry, biological activity, and
catalysis [1-5]. It is easily prepared in ethanolic
media by the condensation of salicylaldehyde and
ethylenediamine [6-7]. This Schiff base ligand

/"’—\ simple alternative method for non-destructive rapid

—— detection of specific trace cations using a widely
N\ & Nes== prepared ligand is therefore still challenging.

M Optical membrane sensor has been proposed

A and reported as an analytical device for the

0 e} measurement of ions due to its several benefits

such as simplicity, portability, fast response, high
sensitivity and selectivity. The proposed compound
is incorporated into a polymeric membrane and the
transport and extraction of a complementary ion
across the membrane will then occur. Another
important component in the membrane is an ion
exchanger which functions as a balance charge,
enhancing the ion transfer and limits the counterion
entering the membrane [13-14].

Figure 1 Proposed structure of metal-salen complex.

Salen forms complexes with many different
metals through nitrogen and oxygen donor atoms.
The phenolate oxygen atoms are hard donors and
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In this work, we aim to immobilize salen in the
membrane while the cation analytes are presented
in aqueous solutions. Salen is soluble in polar
organic solvents and therefore being a good choice
for the detection of metal cations such as AI(III),
Cr(111), Fe(11), Co(11), Ni(1l), Cu(Il), and Zn(II) via
the reversible metal chelation at the membrane-
aqueous interphase. Optical sensing properties and
important characteristics of the fabricated sensors
will be investigated to find the most selective metal
ion for real applications. Interactions between the
target ion and salen at the phase boundary will also
be monitored using FT-IR and SEM/EDS to assure
the formation of complex and electrical charge
balance mechanism across the membrane.

Materials and Methods

Reagents and solutions

N,N'-Ethylenebis(salicylimine), CisHsN2O», or
salen ligand was prepared from the reaction
between ethylenediamine and salicylaldehyde
according to the previous report [6-7]. High
molecular weight poly(vinyl chloride) (PVC),
Tetrahydrofuran (THF), Potassium tetrakis(p-
chlorophenyl)borate (KTpCIPB), and o-nitrophenyl
octyl ether (o-NPOE) were purchased from Fluka
and Merck. Analytical reagent grade of metal salts:
AI(N03)3'9H20, CF(NO3)3‘9H20, FeSO4‘7H7_O,
CO(NO3)2'6H20, NiSO4'6HzO, Cu(NO;)z'Z.SHzO,
and ZnSO4 7TH,O were obtained from Unilab, Ajax
Finechem, and Volchem. All solutions of metal
salts were prepared with the Milli-Dil8.2MQ-cm
ultrapure water.

Instrumentations

UV-Vis absorption spectra were recorded on a
double beam Hitachi (U-2900) spectrophotometer
with 1.0-cm quartz cells, in the wavelength range
between 200 and 1000 nm.

FT-IR spectra were recorded on a Perkin Elmer
Spectrum RX-1 FT-IR spectrometer, in the range of
wavenumber of 400-4000 cm!.

SEM micrographs were obtained using a JEOL
JSM-5410LV SEM microscope while EDS spectra
were recorded on an OXFORD LINK ISIS300
spectrometer.

Membrane preparation

A polymeric membrane prepared for UV-Vis
measurements consisted of salen (20% w/w),
KTpCIPB (75% relative to the salen content), and
PVC: o-NPOE plasticizer (1:2 w/w), with a total
amount of 100 mg. All components were dissolved
and stirred in 1.5 mL of THF for 30 minutes, giving
a transparent homogeneous pale-yellow cocktail
solution. A cover glass with 22 mmx=22 mm
dimensions was cut to fit into standard
spectrophotometer cell. The thin-film membrane
sensor was prepared by pipetting 20 puL of the

membrane solution and then casting onto a glass
slide and the solvent was then completely removed
before the measurements. For FT-IR and
SEM/EDS studies, 60 uL of the membrane solution
were casted onto a glass slide and the obtained thin
film was then conditioned in 10> M Fe(Il) solution
overnight.

Analytical procedure

Optical response and selectivity of the prepared
membranes towards cations were investigated
using  spectrophotometric measurements. The
membrane slide was placed vertically inside the
quartz cell containing 3 mL of metal ion aqueous
solution. The absorption spectra were recorded
against the blank membrane in ultrapure water as a
reference over the wavelength range of 200-1000
nm. The concentration of cations was varied from
107 to 102 M to examine the linear working range.
The membrane conditioned in 103 M Fe(ll)
solution was employed to study the response time
and then to monitor the complex formation using
FT-IR spectroscopy. It was also expected to see the
product as brown solid particles deposited on the
membrane surface in SEM micrographs when using
the high concentration of Fe(ll) compared with the
bare membrane.

Results and Discussion

UV-Vis absorbance measurements were made
to review the complexation properties between
nitrogen and oxygen donor atoms of salen ligand
and various metal cations such as Al(IIl), Cr(Ill),
Fe(1l), Co(1l), Ni(Il), Cu(ll), and Zn(Il) in 10° M
solutions. The results showed the characteristic
band of salen at 412 nm due to n—>n" transition
between C=N and conjugated benzene ring. Upon
addition of 10~ M of different metal ions and the
reaction was then left to reach equilibrium, the
slight shifts of wavelength with higher absorbance
were mostly observed. However, only the addition
of Fe(ll) ion led to the appearance of a new d-d
broad band at 514 nm due to the formation of
Fe(1l)-salen complex (see Figure 2).

1.2

412 nm salen ligand
1.0 ; salen + Al (111)
[\ salen + Co (1I)
g 0.8 " \\514 i salcn+(,:r (I
g 0.6 salen + Cu (II)

ﬁ ‘ i \%\ e galen + Fe (11)
S 04wy \\ salen + Ni (1I)
= : : \\\ salen + Zn (I1)

0.0 8 B el
350 450 550 650 750 850 950

wavelength (nm)

Figure 2 Optical response of salen ligand towards
different metal ions (1073 M).
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Spectrophotometric response of membrane
sensors placed in a series of Fe(ll) concentrations
was carried out to confirm the recognition
mechanism of salen towards Fe(Il) ion. As
illustrated in Figure 3, the absorption band at 514
nm obviously increases with increasing Fe(Il)
concentration, suggesting the strong complexation
between Fe(Il) and salen via N and O donor atoms.
Moreover, its suitable cationic size probably
promotes the selectivity of prepared membranes in
discriminating Fe(Il) from other cations.

- salen ligand
- salen + Fe(I1l) 107 M
,,,,,,,,,, salen + Fe(IT) 10¢M
salen + Fe(1l) 105 M
~salen + Fe(Il) 104 M
~--salen + Fe(Il) 103 M

\\ -~ salen + Fe(IT) 102 M

550 650 750 850 950
wavelength (nm)

Figure 3 Absorption spectra of the salen-based
membranes in the different concentrations of Fe(Il).

The linear working concentration range
determined by plotting the logarithm values of
absorbance against Fe(ll) concentration was found
in the range of 10 to 10 M as presented in Figure
4. The higher concentration of Fe(Il) probably led
to the deviation from Lambert-Beer’s Law due to
the precipitation of complex on the surface of
membrane which will be further explored using
SEM microscopy.

0.0

g y = 0.3312x +0.7338
Z -0s R = 0.9994
=
@,
2 10
£ -
of o
e i

1.5 &

7 -6 5 4 -3 2

log [Fe(11)] (M)

Figure 4 Linear response of salen-based membrane
with increasing concentrations of Fe(I1) at 514 nm.

The response time of optical membrane is an
important characteristic of sensor. The time needed
to reach the equilibrium between optical thin-film
and sample, giving the steady state response was
studied by recording the absorbance of the
membrane placed in 10° M Fe(ll) from 0 to 25
minutes. The response time of our salen-based
membrane was found to be 10 minutes for the
effective detection of Fe(1) (see Figure 5).

0.8

0.7

0.6

0.5 e .
04
03 7
02

0.1

Absorbance (514 nm)

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (min)

Figure 5 Response time of salen-based membrane in
103 M Fe(Il) solution at 514 nm.

The coordination of salen ligand with Fe(Il) ion
could be considered from the shifting of the C=N
stretching frequency to a lower frequency due to
the co-ordinated bond via the azomethine nitrogen
lone pair [5] as presented in Figure 6. However, the
shifting of C-O stretching frequency (1280 c¢cm™) to
a higher frequency if oxygen in the phenolic group
forms bond with the metal ion was not observed in
this work. Studies shows that nitrogen atoms in the
ligand have a higher tendency to co-ordinate with
metal ions than the oxygen atoms [9].

52!
1280

Transmittance (%)

2930

T T

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (¢cm™')

Figure 6 FT-IR spectra of (a) the salen-based
membrane (yellow), in comparison with (b) the salen-
based membrane conditioned in 10 M Fe(ll)
solution (brown).

Since the UV-Vis response decreased when
adding Fe(ll) at a higher concentration (> 10~ M),
SEM studies was carried out to observe the
precipitation of the complex at the membrane-
aqueous interphase.
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Figure 7 SEM micrograph (A1) and EDS spectrum (A2) of the fabricated membrane (yellow), compared with
SEM micrograph (B1) and EDS spectrum (B2) of the membrane conditioned in 10-* M Fe(l1) solution (brown).

SEM micrographs exhibited the complex
formation as brown solid particles deposited on the
membrane surface after conditioning in 107 M
Fe(II) solution overnight (Figure 7(B1)). Moreover,
in corresponding with EDS spectra, potassium ion
(K) dissociated from potassium tetrakis(4-
chlorophenyl)borate was allowed to move out to
induce Fe(Il) in aqueous solution passing through
the membrane. The ion exchange between K(I) in
the membrane and Fe(ll) ion, as observed in Figure
7(A2 and B2), was expected to enhance the
formation of Fe(Il)-salen complex.

The proposed membrane sensors fabricated
from salen ligand were applied to determine the
Fe(II) concentration in four different water samples
using the standard calibration method and the
results are summarized in Table 1.

Table 1 Determination of Fe(Il) in real water
samples using the proposed salen-based membrane
sensor compared with the AAS method.

Fe(Il) found (M
Sampleo; mcmbrané St)msor : )AAS
Tap water | 1.26 x 10¢ 3.89 x 10
Tap water 2 262 > 10° 7.86 x 10°°
Mineral water | 7.74 x 107 1.21. % 0%
Mineral water 2 2.05 x 10° 7.86 x 10

The results showed that the fabricated membrane
could be used to determine Fe(ll) in real samples
effectively. There was no significant difference
compared with AAS method at the confidence level
of 95% using accuracy test (T-test).

Conclusion

N,N'-Ethylenebis)salicylimine( was proposed
and examined in this work as a selective Schiff
base ligand towards Fe(ll) ion. The incorporation
of this ligand into a polymeric membrane led to a
non-destructive determination of target ion via a
complex formation at the membrane surface which
was confirmed by FT-IR, UV-Vis and SEM/EDS
studies. The optimized sensor with a good linear
range and response time was then applied in real
water samples without a significant difference
between our developed sensor and the standard
AAS method.
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