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ABSTRACT

A simple, cheap and environmentally friendly analytical method of Cd(ll) analysis in the aqueous system has
been developed by immobilization of 1-(2-pyridilazo)-2-naphtol (PAN) in polyvinyl chloride (PVC) matrix and
nitrophenyl octyl ether (NPOE) as a plasticizer. Upon contact with Cd(ll) in the solution, the color of sensor membrane
changes from dark yellow to dark red, which is due to the formation of Cd(ll)-PAN complex. The best sensing results
were obtained at pH 8.0 and Amex 558 nm. The dimension of the proposed sensor membrane was
0.8 cm x 2 cm with a thickness of 0.05 mm, the volume of sample was 2 mL with the Cd(ll) concentration range of 0—
1.2 ppm. The detection limit of the method was found to be 0.048 ppm and molar absorptivity of 4.42 x 10° L mol? cm™.
The proposed methods have been applied in the determination of Cd(ll) in water samples after addition of internal
standard with recovery 98.88-100.75%.
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ABSTRAK

Metode analisis yang sederhana, murah dan ramah lingkungan untuk menentukan Cd(ll) dalam air telah
dikembangkan, dengan immobilisasi 1-(2-piridilazo)2-naftol (PAN) dalam matriks PV C dan nitrofenil oktil eter sebagai
pemlastis. Setelah kontak dengan larutan Cd(ll), membran sensor berubah warna dari kuning tua menjadi merah tua,
karena terbentuknya kompleks Cd(Il)-PAN. Respon optimum membran sensor diperoleh pada pH 8,0 dan Amaks 558
nm. Ukuran membran sensor yang diajukan 0,8 cm x 2 cm, tebal 0,05 mm dan volume sampel 2 mL dengan rentang
konsentrasi 0-1,2  ppm. Batas deteksi  metode 0,048 ppm dan absorptivitas molar
4,42 x 10° L mol'" cm'. Metode yang diajukan telah diaplikasikan untuk menentukan Cd(ll) dalam sampel air setelah

penambahan larutan standar dengan rekoveri 98,88-100,75%.

Kata Kunci: 1-(2-piridilazo)-2-naftol (PAN); PVC; analisis Cd(ll); sensor kimia

INTRODUCTION

The presence of heavy metal ions in the water
bodies is becoming serious environmental problems due
to their potential hazards to living organisms. Therefore,
monitoring of those metal ions in the environment such as
wastewater, river water, water reservoirs or drinking water
source is of crucial issues. Cadmium (Cd) is one of
hazardous metal ions in the body of waters. As a pollutant,
the high level of Cd(ll) in water is dangerous for human
health due to its toxic and carcinogenic potentials[1].
Cadmium can affect erythrocyte and kidney [2-3], liver
and can cause osteoporosis [4]. The maximum permitted
concentration of Cd(ll) in waste water and drinking water
is 0.1 and 0.05 ppm respectively [5-6].
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To monitor the exposure of Cd(ll), a simple, fast,
safe, cheap, and environmentally friendly analytical
method is necessary to be developed. Optical chemical
sensor membrane is a suitable and promising alternative
for the purposes, especially for the application in field
analysis, because it is easy to prepare and can be
prepared as a test kit. Furthermore, it has been known
that the protocol analysis using optical chemical sensor
membrane meets the criteria of ‘green analytical
chemistry, e.g. reducing organic solvent consumption
(toxic compounds), decreasing workforce and energy,
vapors and gas emission, and waste [7-8].

Optical chemical sensor for analysis of various
metal ions has been applied using different ligands and
supporting matrices. For membrane development, the
choice of suitable compounds/ligands that are soluble in
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polymer matrix should come into consideration [9]. So far,
some polymers have been reported to be used for
immobilization of various specific ligands. Among them
are cellulose three acetate (CTA) with PAN for Cd(ll)
analysis [10], 2-amino-cyclopentane-1-dithiocarboxylic
acid for Cd(Il) analysis [11], dithizone for Cd(Il) [12],
5(p-dimethylaminobenzylidene)rhodanine for Ag(l) [13],
indophenol for Ni(ll) [14], polymethacrylate (PMA) with
PAN for Co, Cd, Ni, Cu, Zn, Mn, and Pb [15-16], with
dithizone for Ag(l) [17]. Other reports have also used
polyvinyl chloride (PVC) with 2-mercaptopyrimidine for Hg
[18], with c-methylcalix[4]resorcinarene (CMCR) for Ti(lll)
[19], 4-(2-pyridylazo)resorcinol (PAR) for thallium [20],
bis(thiophenol)-4,4" -methylenedianiline for Hg(ll) [21],
PAN for Cr(lll) [22]. Also, polysulfone membrane with
porphyrin for Cd(Il) [23], thin layer calix [4] dicyano-
diimidazole on the glass surface for Cu (ll) analysis [24]
has also been reported.

In this study, we proposed an optical chemical
sensor membrane by immobilization of PAN in PVC
membrane using nitrophenyl octyl ether (NPOE) as a
plasticizer. The obtained chemical sensor is intended to
be used for Cd(Il) determination in aqueous systems. The
selection of PAN as a specific ligand is based on the fact
that this ligand can coordinate various transition metals
especially Cd(ll) to form colored metal complexes [25-26].
The hydroxyl group and azo-nitrogen in PAN can build a
covalent bond with Cd(ll) forming an intense color
complex. The produced optical chemical sensor
membrane has been characterized using infrared (IR)
spectrophotometer and applied for Cd(ll) determination in
natural water samples spiking with Cd(ll) ions.

PAN is a complexing agent for some metal ions,
such as Cd, Zn, Hg(ll), Bi, Cu, Pb, Fe(lll), and Th [25-27].
PAN is not a selective reagent, yet its selectivity can be
reached by adjusted the pH value appropriate with the
tested solution [26]. Stoichiometrically, the molar ratio of
the reagents to form Cd(ll) — PAN complex in water is 1:2
[25-26]. Reaction equation of formation of Cd(ll) — PAN
complex is shown in Fig. 1.

EXPERIMENTAL SECTION
Materials

The reagents were of analytical grades, i.e.
Cd(NOs)2, NaOH, HCI, THF, CuClz, Zn(NQOz)2, Ni(NO3)2
and FeCls (Merck), 1-(2-pyridylazo)-2-naphtol) (PAN) and
NPOE, PVC (molecular weight 5000) (Sigma-Aldrich),
and distilled water used as solvent. The pH of the solution
was adjusted using a solution of NaOH and HCI 0.1 M.
Fig. 2 gives the chemical structures of the components
used in the preparation of the sensor membrane.

Instrumentation

Instrumentation of pH meter (Thermo SCIENFIC
ORION 4 STAR, pH'ISE portable) for measuring the pH
of the analyte solution. UV-Vis spectrophotometer
Shimadzu (Japan) UV-2450 models to measure the
absorbance of the Cd(Il) solution and FTIR Shimadzu
(Japan) spectrophotometer model IR Prestige-21 for the
characterization of membrane sensors.

Procedure

Preparation of sensor membrane

The sensor membrane was prepared by dissolved
0.4 g PVC, 0.01 g PAN, and 90 uL NPOE in 10 mL THF,
stirred in constant speed at room temperature for 5 h.
Then the reaction mixture was poured in a glass cast,
kept at room temperature for 5-7 h until all the solvent
evaporated. Hereafter, the membrane was taken off
from the cast, washed with distilled water, dried at room
temperature, and then cut 0.8 x 2 cm with a thickness of
0.05 mm, so that the membrane is ready to be used.

Characterization of sensor membrane

To determine the achievement of the
immobilization of PAN in the sensor membrane, the IR
spectra of the components of the membrane, which are
PAN, NPOE, and PVC, are recorded. The success of
immobilization PAN in the sensor membrane can be
determined by comparing the IR spectra of each
component with the sensor membrane has done
immobilization, namely PVC-PAN.

Determination of optimum pH

The optimum pH was determined by soaking the
membrane in a 2-mL solution containing 2 ppm Cd(ll) for
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Fig 2. Chemical structures of the components used in
the preparation of the membrane sensor
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240 min, and the absorbance of the membrane was
measured using a UV-Vis spectrophotometer (Shimadzu
- UV 2450) at A 558 nm. The studied range of pH was 7.5—
9.0, where the highest absorbance was chosen as the
optimum pH.

Calibration curve

The range of calibration curve of absorbance of
Cd(ll) — PAN complex was studied at a concentration of
Cd(ll) between 0.0-1.2 ppm. The procedure followed as
the determination of optimum pH.

Interference of ions

To study the interference of other ions, the following
ions were used, i.e. Cu(ll), Zn(ll), Ni(ll), and Fe(lll). It was
done as the optimum condition obtained earlier. The
solution of interfering cations was added to Cd(ll) solution
in concentration ratio 1:1, and the absorbance was
measured at A 558 nm and pH 8.0.

Application in water sample

For the application of the procedure, a water sample
was obtained from River Code, a river that flows across
Yogyakarta City, Indonesia. The water sample was
acidified with 1.0 M HNOs until pH about 3, filtered off and
kept in a propylene bottle at room temperature. For Cd(ll)
determination, the sample was adjusted to pH 8.0 by
adding NaOH 0.1 M solution. Furthermore, the sample is
ready to be analyzed quantitatively using sensor
membrane, and the absorbance was measured using UV-
Vis spectrophotometer.

RESULT AND DISCUSSION
Membrane Sensor Characterization by IR

The infrared spectra indicate that immobilization of
PAN in the membrane matrix is successful as displayed
in Fig. 3 (d). A band at 3310 cm™ suggests a stretching
vibration of —OH group of a naphthol, while a band
shows the existence of N=N group attached to the
aromatic ring at 2338 cm-'. An intense band at 1605 cm-
"is attributed to the N=0O group, whereas a band at 1257
cm™' shows the existence of Cani-O-Caiky group. Both
functional groups suggest the presence of NPOE as a
plasticizer of the sensor membrane.

Influence of pH

The pH of Cd(ll) solution was measured in the
range of 7.0-9.0 to obtain the better response of the
sensor membrane, where pH 8.0 gave the optimum pH.
The absorbance of the membrane at various pH is
showed in Fig 4. The noticeable decrease in the
absorbance was observed, which is believed to be due
to the leaching of the immobilized ligand from the sensor
membrane.

Calibration Curve

The experiment to understand the correlation
between concentration and absorbance was performed
using 2 mL Cd(Il) solution with various concentrations
(0—1.2 ppm) at 558 nm, pH 8. The results are displayed
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Fig 3. Infrared spectra of the membrane components (a) PAN, (b) NPOE, (c) PVC and (d) PVC-PAN membrane
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Fig 4. Response of the sensor membrane toward 2 ppm
Cd(ll) solution at various pHs

in Fig. 5. It demonstrated that a linear correlation between
concentration of Cd(ll) solution and absorbance was
obtained following equation of y = 0.7249-x + 0.0781, with
coefficient of determination R? = 0.96 and molar
absorptivity 4.42 x 10° L mol' cm™. The linear range was
obtained at 0.2-1.2 ppm. The detection Ilimit was
calculated by 3x of deviation standard of blank signal and
was 0.048 ppm and limit of quantification 0.146 ppm. The
detection limits obtained are smaller than the results of
previous studies, the immobilization of 2-amino-1-
cyclopentene-dithiocarboxylic acid (ACDA) on a cellulose
triacetate membrane, which is 0.2 ppm [11].

Response of Sensor Membrane

Absorbance spectra of sensor membrane before
and after contact with Cd(ll) solution at pH 8.0 is displayed
in Fig. 6. Before contact with Cd(ll) solution, the sensor
membrane showed a maximum absorbance at A 470 nm,
while after contact at A 558,40 nm. The complex of Cd(ll)
— PAN formed in sensor membrane underwent a relatively
large bathochromic shift.

The sensor membrane changed its color from dark
yellow to dark red after contact with Cd(ll) solution, as
showed in Fig. 7. A linearity of the color intensity of the
sensor membrane with the concentration of Cd(ll) solution
was observed.

Influence of Interference Cations

The response of the developed sensor membrane
for Cd(ll) determination toward interference cations,
namely Cu(ll), Zn(ll), Ni(ll) and Fe(lll) has been tested.
The observation was conducted at the optimum condition
of Cd(ll) determination by soaking the sensor membrane
in the 2 mL Cd(ll) solution added with interference cations
for 240 min at pH 8.0 and A 558 nm. The ratio of the
concentration of Cd(ll) to the interference cations 1:1 and
the absorbance were measured at A 558 nm. The results
of interference test cations presented in Table 1.
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Fig 5. Calibration curve of the sensor membrane. The
absorbance was recorded at 558 nm

The presence of Cu(ll) or Zn(ll) solution in Cd(ll)
solution in concentration ratio 1:1 decreased the Cd(ll)
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Fig 6. Absorbance spectra of sensor membrane before
(a) and after (b) contact with Cd(ll) solution
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Fig 7. Color change of the sensor membranes in 2 mL
Cd(ll) solution at concentration the range of 0-2 ppm and
pH 8.0

Table 1. Effect of other cations on Cd(ll) detection at
concentration ratio 1:1 (ppm)

No. Cation % Error*
1. Cu(ll) -50.70
2. Zn(ll) -4.02

3. Ni(ll) 12.34

4, Fe(lll) 1.08

5. Cu(ll), Zn(I), Ni(Il) and Fe(lll) 24.48

*% error: {A cqi)-cation-A cam}A caq

A caqy-cation 1S the absorbance of sensor membrane in Cd(ll) solution
with interference cation; A cqu)is the absorbance of sensor membrane
in Cd(Il) solution
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Table 2. Determination of Cd(ll) in river water in the location using the proposed method and AAS as comparison

method
Proposed method AAS method
No Sample Cd(ll) in origin ~ Added Cd(ll) Found Cd(ll) Recovery Found Cd(ll) Recovery
' sample (ppm) (ppm) (ppm) (%) (ppm) (%)
1. Location-1 Not detected 1 0.9888+0.06 98.88 1.03+0.01 102.85
2. Location-2 0.009 @ 1 0.9945+0.08 99.45 1.01+0.01 101.14
3. Location-3 0.003° 1 1.0075+0.10 100.75 1.04+0.02 104.27

2 AAS method, Cd(ll) in the original sample was not detected for location 1 and 3
®The proposed method, Cd(ll) in the original sample was not detected for locations 1 and 2

Fe Cd Cd-CuCd-Zn Cd-Ni Cd-Fe Cd-mix
Flg 8. Color change of the sensor membrane in 2 mL
solution containing other cations in the absence and the
presence of Cd(ll)

absorbance 50.70 and 4.02%, respectively. The presence
of Ni(ll) and Fe(lll) solution increased theabsorbance.
Furthermore the presence of Cu(ll), Zn(ll), Ni(ll), and
Fe(lll) in Cd(ll) solution (Cd-mix solution) with ratio
1:1:1:1:1 simultaneously increased significantly the
absorbance, namely 24.48%.

Fig. 8 shows the change in the color of the sensor
membrane after contact with a solution containing the
corresponding interference cation without Cd(ll) and
interference cation solution with Cd(ll) in the ratio 1:1
(ppm). The volume of solution used 2 mL at pH 8.0 and
measured by UV-Vis spectrophotometer at A 558 nm,
corresponding to the optimum conditions for the analysis
of Cd(ll).

Application of the Method for Natural Water

The manufactured sensor membrane was applied to
the determination of Cd(ll) of river water by internal
addition method. A defined concentration of Cd(ll)
solution (1 ppm) was added to the river water sample, and
the pH was adjusted at 8.0. The sensor membrane was
soaked in 2 mL of sample solution for 240 minutes, and
the absorbance was observed at A 558 nm. The results
are displayed in Table 2. The results obtained using the
proposed method gives a value which is almost equal to
AAS method. The performance test of the manufactured
sensor membrane demonstrated that the sensor
membrane can be used for Cd(ll) determination of natural
water.

CONCLUSION

An optical chemical sensor membrane for Cd(lIl)
determination in the aqueous system has been developed

by PAN immobilization in PVC as matrix and NPOE as
a plasticizer. The sensor membrane can be applied for
both qualitative and quantitative analyses of Cd(ll)
present in environmental samples. The color change of
membrane represents the qualitative detection, while
absorbance change at 558 nm gives the quantitative
one. We believe that it can be used as an alternative
method for Cd(Il) analysis in water where it offers simple,
cheap, safe, energy saving, and environmentally friendly
preparation. It is also practical for on-the-spot analyses.
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