
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 17 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Environmental Analytical Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455

Development of a cobalt (ІІ) optical sensing film based on N 5-(2, 4-dinitro-
phenyl)-N 1,N 1-diethyl-penta-1,3-diene-1,5-diamine
Majid Arvanda; Tahereh M. Gholizadeha; Nosratollah Mahmoodia

a Faculty of Science, Department of Chemistry, University of Guilan, Rasht, Iran

To cite this Article Arvand, Majid , Gholizadeh, Tahereh M. and Mahmoodi, Nosratollah(2009) 'Development of a cobalt
(ІІ) optical sensing film based on N 5-(2, 4-dinitro-phenyl)-N 1,N 1-diethyl-penta-1,3-diene-1,5-diamine', International
Journal of Environmental Analytical Chemistry, 89: 3, 153 — 166
To link to this Article: DOI: 10.1080/03067310802546611
URL: http://dx.doi.org/10.1080/03067310802546611

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067310802546611
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J. Environ. Anal. Chem.
Vol. 89, No. 3, 15 March 2009, 153–166

Development of a cobalt (††) optical sensing film based on

N5-(2, 4-dinitro-phenyl)-N1,N1-diethyl-penta-1,3-diene-1,5-diamine
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An optical sensing film has been proposed for sensitive determination of cobalt
(Co) (††) ion in aqueous solutions. The cobalt sensing membrane was prepared by
incorporating N5-(2, 4-dinitro-phenyl)-N1,N1-diethyl-penta-1,3-diene-1,5-diamine
(HDDA) as ionophore in the plasticised PVC membrane containing o-nitro-
phenyl octyl ether as plasticiser. The membrane responds to cobalt ion by
changing colour irreversibly from yellow to green in acetate buffer solution at
pH¼ 5.5. The proposed sensing film displays a linear range of 0.028–
29.68mgmL�1 with a limit of detection 0.012 mgmL�1. Moreover, upon the
introduction of a negatively charged lipophilic additive (oleic acid) into the
membrane, the optode displayed enhanced sensitivity. In addition, satisfactory
analytical sensing characteristics for determining Co(II) ion were obtained
in terms of the selectivity, stability and reproducibility. The response time of the
optode was about 15–25min, depending on the concentration of Co(††) ions.
The optode membrane has been applied to determine Co(II) in various water
samples and copper-free alloys.

Keywords: optical sensing film; cobalt (II) ion; ionophore; UV–Vis
spectrophotometry

1. Introduction

Pollution caused by heavy metals is a major environmental problem in the world. Mining
and industrial operations discharge large quantities of effluents into water bodies.
Thus, rivers, lakes and estuaries are polluted with heavy metals to different degrees.
Cobalt (Co) is one of such type of metals. Co is widespread in nature in meteorites, fresh
waters, soils, plants and animals.

Cobalt is a component of cyanocobalamin or vitamin B12; in fact, it is the only vitamin
known to contain a heavy metal. Vitamin B12 as a coenzyme has important role in many
biochemical processes, such as erythrocyte formation, and its deficiency can lead to
pernicious anaemia [1]. Thus, the importance of detection and monitoring of Co ions in
environmental, waste and drinking waters is unquestionable [2,3].

The development of optical sensors has become a rapidly expanding area of analytical
chemistry, because they offer the advantages of simple preparation, reasonable selectivity
and sensitivity and no need for separate reference devices [4–6]. Optical sensors required
simple instrumentation and are suitable for multi-sensor array fabrication. In comparison
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with ion-selective electrodes, they do not require internal and external reference devices,

long preconditioning time is not a pre-requisite for use, and are not subjected to electrical

noise [7].
Optical sensors that make use of plasticised polymer membrane containing a reagent

that reacts with the analyte to produce a distinctive colour change are of great interest for,

among other applications, the trace analysis of heavy metal ions [8–10].
However, despite the suitability of optical sensors for the optical monitoring of Co2þ

ions, there have been several number reports on Co2þ ion optical sensors in literature

[11–15].
In this article, we described an optode for sensitive determination of Co with low

detection limit using a recently synthesised N5-(2, 4-dinitro-phenyl)-N1,N1-diethyl-penta-

1,3-diene-1,5-diamine (HDDA) as complexing agent. This ionophore can extract Co2þ

from aqueous sample solution into organic membrane phase and form a complex, which

results a decrease in the ionophore absorbance and produce two new absorbance peaks.

To the best of our knowledge, this compound has not previously been used in the

development of a Co(II) optical sensing film or in any other optical sensors.

2. Experimental

2.1 Reagents

Relative high molecular weight poly (vinyl chloride) (PVC), nitrobenzene (NB),

acetophenone (AP), o-nitrophenyl octyl ether (o-NPOE), o-nitrophenyl phenyl ether

(o-NPPE), dibuthyl sebacate (DBS), bis(2-ethylhexyl) sebacate (DOS), oleic acid (OA),

sodium tetraphenylborate (NaTPB), tetraethylammonium perchlorate (TEAP), tetrahydro-

furan (THF), methanol (MeOH) and all other reagents were obtained from Merck

(Darmstadt, Germany). A stock solution of 150 mgmL�1 Co2þ was prepared by dissolving

appropriate amount of CoCl2 � 6H2O in 100mL volumetric flask and diluted with doubly

distilled water. Working solutions with lower concentrations were prepared by suitable

dilution of the stock solution. The pH adjustments were made with acetate buffer solution

(1� 10�4M CH3COOHþ 5.5� 10�4M CH3COONa) to achieve the desired pH, but in

studying of pH effect, the pH of solutions was adjusted with either HCl or NaOH solutions.

The structure of ionophore is depicted in Scheme 1.

HN N

NO2

NO2

Scheme 1. Structure of HDDA used as ionophore.
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2.2 Synthesis of the ionophore HDDA

The ionophore HDDA (Scheme 1), used in this effort, was synthesised according to the
reported method with some modification in the described procedure [16]. To prepare the
compound, (0.3 g, 1mmol) of premade N-2,4-dinitrophenyl pyridinium chloride was
dissolved in 5mL of absolute MeOH and was cooled to 10�C as well as allowed to stirred
for 15min at this temperature. To this was added dropwise solution of (0.073 g, 1mmol)
diethyl amine in 2mL absolute MeOH over period of 10min (the exact quantity of diethyl
amine is important). The colour change of solution due to the addition of first drop of
diethyl amine verifies that the reaction is completed. The crude participate was filtered and
several times recrystallised from n-hexane affording 0.2 g, 62% yield (m.p.¼ 156–159�C).
The product has IR (DMSO solvent): 3291, 2995, 2912, 1660, 1436, 1408, 1311, 700,
669 cm�1. 1H-NMR (500MHz, CDCl3): �; 1.25 (t, J¼ 7.2Hz, 6H), 3.3 (q, J¼ 7.2Hz, 4H),
4.12 (d, J¼ 9.9Hz, 2H), 5.13 (t, J¼ 12.6Hz, 1H), 6.54 (dd, J¼ 9.9, 14Hz, 1H), 6.7
(d, J¼ 12.6Hz, 1H), 6.78 (dd, J¼ 12.6, 14Hz, 1H), 6.92 (d, J¼ 9.9Hz, 1H), 8.33
(dd, J¼ 2.5, 8.8Hz, 1H), 8.7 (d, J¼ 2.5Hz, 1H), 10.41 (br, 1H) ppm; C15H20N4O4

(320.34): Calcd C 56.24, H 6.29, N 17.49, O 19.98; Found C 56.38, H 6.43, N 17.15,
O 20.04.

2.3 Apparatus

A Cary 100 UV–Vis spectrophotometer with a 1 cm cell was used for recording all spectra
and absorbance measurements. A Metrohm pH meter (model 827) with a combined
double junction glass electrode was used for monitoring pH values. All measurements were
made in the absorbance mode.

2.4 Membrane preparation

The optode membranes were prepared from 4mg of ionophore, 140mg of o-nitrophenyl
octyl ether as plasticiser, 6mg of oleic acid as additive and 70mg PVC. The membrane
components were dissolved in 1.5mL freshly distilled THF in a glass vial. The solution was
immediately shaken vigorously to achieve complete homogeneity. An aliquot of 50 mL of
this solution was poured and uniformly spread on a dust free glass plate (8mm� 25mm)
which mounted on a spin device (rotating frequency �2600 rpm). After a spinning time of
about 15 s, the glass support plate with sensing membrane was removed and allowed to
stand in ambient air for 24 h before use. The thickness of dry membrane was estimated
to be �4 mm.

2.5 Preparation of real samples

The analyses of alloy samples were conducted by weighing 1.4 g of the sample to the
nearest 0.1mg and transferring the sample into a 250mL Erlenmeyer flask. Then 20–
25mL of HNO3–HCl (1 : 3) was added. The mixture was heated until dissolution is
complete. The solution was heated to dryness. Then the residue was dissolved in water and
diluted with water to 100mL in a 100mL volumetric flask. An appropriate volume of each
sample solution was diluted further with water so that the concentration of cobalt ion in
the final solution was within the working range [11]. Water samples were used directly
after filtration with a filter paper (Whatman No. 1).
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2.6 Procedure

An easily handled, small, and low-cost ion-sensing film optode that can be utilised as
a handy sensing tool has been developed [10]. These film optodes were a plasticised
PVC-matrix membrane containing a lipophilic ionophore. For simple and easy use of this
ion-sensing film, the PVC membrane was attached to the surface of an 8mm� 25mm thin
glass plate whose size fits into a conventional glass vessel used as a standard optical cell for
a spectrophotometer as shown in Figure 1. Consequently, the determination of an analyte
ion using the film optode can be achieved by simply immersing it into the glass vessel for
monitoring the absorbance change as the response of the optode [5,17,18].

The prepared membrane was put vertically inside the sample cell containing 3mL
acetate buffer solution with pH¼ 5.5, and a membrane (without ionophore) at the same
conditions was used as a blank membrane. The standardised metal ion solutions were
added to the sample cell and the absorbance value of the system was measured after 30min
(required to reach the equilibrium) at �max¼ 610 nm. The limiting absorbances A0 and Ac

were determined with the optode membrane in contact without and with 58.93 mgmL�1

Co2þ. By plotting the calibration curve of the absorbance signal value � (Equation (3))
versus the logarithmic concentration of Co ion (pCo), the unknown Co concentration can
be read. All measurements were carried out at room temperature.

3. Results and discussion

3.1 Spectral characteristics of ionophore in the solution

In preliminary experiments, it was found that the addition of proper amounts of Co2þ to
an ethanol solution of HDDA resulted in a slow change in the colour of the solution from
yellow to green, while the presence of alkaline earth and transition-metal ions, such as
Bi3þ, Ni2þ, Pb2þ, Al3þ, Agþ, Zn2þ, Be2þ, Sn2þ, Mn2þ, Cr3þ and Cd2þ, showed no
observable colour change in the ligand solution. This is most possibly indicative of strong
complex formation of the ligand with Co2þ ions in the ethanol solution. Figure 2 shows
the spectral change. As can be seen, the complexation was accomplished by a relatively
strong decrease of the absorption band of the ligand HDDA, with �max at 470 nm and
creation of new absorption bands, 577 and 610 nm, for the Co–HDDA complex. The
results showed that the wavelength 610 nm has high correlation coefficient and sensitivity
compared with the 577 nm. Then, 610 nm was selected for further studies.

In order to determine the stoichiometry of the resulting complex, the absorption
spectra containing 1.0� 10�4M of the ligand solution at a fixed ionic strength of 0.05M

Glass plate

Ion sensing film

Incident beam

To detector

1 cm

1 cm

Glass cell

Sample solution

Figure 1. Absorbance measuring system for the film optode.
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(maintained by TEAP) and varying amounts of the Co ion were obtained. The absorbance
versus [Co2þ]/[HDDA] mole ratio plot obtained at 610 nm in ethanol solution is shown in
Figure 3. The plot revealed an inflection point at [Co2þ]/[HDDA] mole ratio of about 0.5
emphasising the formation of a 1 : 2 (metal-to-ligand) complex in the solution.

3.2 Spectral characteristics of ionophore in the membrane

After HDDA incorporated in the PVC membrane, the spectral properties of the ligand in
the membrane remained the same as those measured in ethanol/water solvent (Figure 4).
This is the basis of the optical sensing device in this investigation. Therefore, the
wavelength 610 nm has been used in all subsequent measurements of absorbance.

0

0.2
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0.6

0.8
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1.2

300 350 400 450 500 550 600 650 700
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a

b

Figure 2. Absorption spectra for ethanol solution of HDDA in the absence [a] and presence of
3mgmL�1 Co2þ [b] at pH¼ 5.5.
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Figure 3. Mole ratio plot of complexation of HDDA with Co2þ in ethanol at �max¼ 610 nm.
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3.3 Measuring principle

When Co(††) ion is extracted into the optical membrane, it forms a complex with HDDA

and increases its absorption at �max 610 nm. To achieve electro-neutrality, a counter ion

for the anionic site is necessary. A bulky additive, NaR, was added. If the complex

equilibrium between Co2þ ions in the aqueous sample solution (aq) and HDDA in the

plasticised PVC membrane phase (org) will form a m : n complex, the overall equilibrium

will be expressed as follows:

mCo2þðaqÞ þ nHDDAðorgÞ þNaRðorgÞ �����*)����� ComðDDAÞ
ð2m�nÞþ
nðorgÞ þ nHþðaqÞ þR�ðorgÞ þNaþðaqÞ

ð1Þ

The law of mass action can describe the corresponding equilibrium constant Kexch of

the system for Co2þ ions that is expressed in Equation (2), in which it is assumed that the

activities of species in the membrane are proportional to their concentrations [19]:

Kexch ¼
ComðDDAÞð2m�nÞþn

� �
org
½Hþ�naq½R

��org½Naþ�aq

½Co2þ�maq½HDDA�norg½NaR�org
: ð2Þ

The response curves of optical sensors are usually depicted as the normalised

absorption �, as a function of the metal-ion concentration. The measured absorption is

converted into � by Equation (3), in which A0 is the absorption of free ligand, Ac the

absorption of the complex and A is the measured absorbance at 610 nm. At this

wavelength, the only absorbing species is the complex C, so that � is equal to the molar

fraction of the complex. From the Beer’s law, we assume the normalised absorbance value

� which is the ratio of the concentration of free complex [C], to the total amount of

HDDA, CHDDA, is related to the measured absorbance as follows:

� ¼
½C�

CHDDA
, ½HADDA� ¼ ð1� �ÞCHDDA, � ¼

A�Ao

Ac �Ao

ð3Þ

Figure 4. Absorption spectra for the ionophore HDDA incorporated into membrane and varying
amounts of Co2þ ions in aqueous solution with pH¼ 5.5 (membrane composition: 4mg of HDDA,
140mg of o-NPOE, 6mg of OA and 70mg PVC).
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From Equations (2) and (3), with the condition of electro-neutrality CR¼

[NaR]orgþ [R�]org and [R�]org¼ [C]org, at constant concentrations of Hþ and Naþ and

if all constants are summarised in Kexch, we can obtain the relationship between � and

[Co2þ]:

Kexch ¼
�2C2

HDDA

Co2þ
� �m

aq
ð1� �ÞCHDDA½ �

n CR � �CHDDAð Þ
ð4Þ

Equation (4) can be used to find the theoretical data, to fit observed absorptions and to

calculate Kexch [18]. Equation (4) is the basis of quantitative determination of Co(II) using

the proper optical membrane.

3.4 Effect of membrane composition

3.4.1 Choice of solvent mediator (plasticiser)

The membrane composition and the nature of the plasticiser largely influence the response

characteristics and the working concentration range of the optical sensors [20]. Optode

films with a high amount of plasticiser have optimum physical properties and ensure

relatively high mobility of their constituents. In order to give a homogeneous organic

phase, the membrane solvent must be physically compatible with the polymer, i.e. have

plasticiser properties. Otherwise, it exudes, yielding membranes of unstable composition.

For various reasons, it also has an influence on the selectivity behaviour. Six plasticisers

such as DBS, o-NPOE, DOS, o-NPPE, NB and AP were tested as potential plasticisers

for preparing the membrane. The membranes were prepared from a mixture of

PVC (70mg), plasticiser (140mg), additive (6mg) and ionophore (4mg) in THF

(1.5mL). The membranes containing o-NPOE revealed the best physical properties with

maximum sensitivities and wide concentration range (Figure 5a). Membrane obtained

from AP as plasticiser did not show any absorption change against Co ion and membrane

with NB was not stable on glass support plate, as well.

0

0.15

0.3

0.45

0.6

0.75

0.9

2 3 4 5 6 7 2 3

pCo

DOS

DBS

2-NPOE

2-NPPE

4 5 6 7 8
pCo

70

100

140

50

30

(a) (b)

Figure 5. Effect of the type (a) and content (b) of plasticiser on the response of the optical
sensing film.
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For determination of the effect of plasticiser amount on the optode response,

membranes that contain different amounts solvent mediator o-NPOE (30, 50, 70, 100,

140mg) were prepared. Absorption measurements showed that membrane containing

140mg o-NPOE revealed the best physical properties and wide concentration range

(Figure 5b).

3.4.2 Effect of the PVC amount

In general, the thickness and hardness of the membrane depend on the amount of PVC

used. At lower PVC contents, the membrane becomes mechanically weak and swells up

easily in aqueous solution and leaching of the membrane is significant. By increasing the

amount of PVC, the membrane becomes dense, that it prevents the leaching of ionophore

from membrane into aqueous solution [21]. In this work, we examined the various

amounts of PVC on the response characteristic of membrane. The results illustrated that

increasing the amount of PVC (more than 70mg) did not improve the sensitivity and were

not suitable due to the decreasing of ion diffusion into the bulk of membrane.

3.4.3 Effect of amount of the ionophore

Ionophores play a key role in the selectivity of ion-selective optodes. The rational design

of synthetic carriers takes advantages of the different elements of molecular recognition.

The creation of suitable binding sites and proper topology in the ionophore that are

complementary to the size and charge of a particular ion can lead to very selective

interaction [22].
The optical sensing film proposed is based on the incorporation of HDDA with

secondary amine functional group in its structure as an ion exchanger. This ionophore

possesses a unique binding property towards Co2þ ion in sensing membrane and changes

its colour from yellow to green as a result of the binding event. This ionophore (HDDA)

is insoluble in water in its neutral form, while it is quite soluble in organic solvents.

The effect of amount of the ionophore on the response of the membrane is illustrated in

Figure 6(a). The blank membrane (membrane without ionophore in presence of Co ion

with pH¼ 5.5) was taken as the reference. As it is seen from Figure 6, the presence of 4mg

0

0.15

0.3

0.45

0.6

0.75

0.9

2

(a) (b) (c)

4 6 7 8

pCo

2 mg

6 mg

4 mg

2 4 5 6 7 8

pCo

OA

NaTPB

2 4 6 7 8

pCo

6 mg

4 mg

8 mg

3 5 3 3 5

Figure 6. Effect of the amount of ionophore (a) and type (b) and also the amount of additive (c) on
the response of the optical sensing film.
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of ionophore (HDDA) in the PVC membrane resulted in the best optical response of the

Co ion-sensing film. Higher amounts of HDDA (more than 4mg) did not improve the

sensitivity and were not suitable due to the leaching of HDDA.

3.4.4 Effect of the additive

In order to facilitate the establishment of a thermodynamic equilibrium between the bulk

liquid membrane optodes and the sample solution of interest, a rather fast mass transfer

of analyte from the sample into the membrane is required [23–25]. Thus, in this

proposed Co optical sensing film containing HDDA as a neutral ionophore, the

incorporation of a suitable additive was necessary to ensure the fast establishment of the

corresponding ion-exchange equilibrium. OA and NaTPB were tested as additive for

preparing the membrane. The membranes were prepared from a mixture of PVC (70mg),

plasticiser (140mg), additive (4mg) and ionophore (4mg) in THF (1.5mL). The results of

Figure 6(b) show that the membrane containing OA revealed good response and

transparency. The enhanced sensitivity may be attributed to the OA existing in the PVC

membrane, changing the structure of the membrane and improving the passing efficiency

of Co into the organic membrane. It favourably makes much more Co2þ extract into the

membrane, and leads to a higher sensitivity. For study of the effect of additive amount on

the optode response, membranes that contain different amounts OA (4, 6, 8mg) were

prepared. Absorption measurements showed that membrane containing 4mg OA revealed

best response (Figure 6c).

3.5 Effect of pH on the membrane response

The equilibrium of the complexation reaction of HDDA with Co ion is affected by the

solution pH. Figure 7 shows the effect of pH values on response of the optode membrane.

The absorbance measurements were made for 9 mgmL�1 Co ion at different pH values at

610 nm. Absorption value reached to the highest value at the pH¼ 5.5 and with increasing

0
1 2 3 4 5 6 7 8 9

0.05

0.1

0.15

0.2

0.25

0.3

pH
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s

Figure 7. Effect of pH on the response of membrane in the presence of 9mgmL�1 Co at 610 nm
(membrane composition: 4mg of HDDA, 140mg of o-NPOE, 6mg of OA and 70mg PVC).
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pH, absorption value decreased. Probably, when the pH increases to high values the Co
(II) ions are converted to hydroxyl species or precipitated. Also at pH values under 4, the
ionophore had leakage from the membrane. Thus, in subsequent experiments, a Co
solution of pH¼ 5.5, adjusted by acetate buffer, was selected as an ideal experimental
condition.

3.6 Calibration range and detection limit

The optical response of the proposed Co2þ-sensitive membrane under optimum
experimental conditions was obtained. The plot of normalised absorbance value
(taken after 25min) against pCo can be used as a calibration plot for determination of
Co ions in the concentration range 4.75� 10�7–5.04� 10�4M (0.028–29.68 mgmL�1) with
equation of Y¼�0.3062Xþ 1.9868 (R2

¼ 0.9861), where Y is � and X is negative
logarithm of Co ion concentration in molars. A concentration of 58.93 mgmL�1 was found
as the optimum concentration of Co2þ ion that saturates the optode membrane. Detection
limit of the sensing film, which is defined as the concentration of the sample yielding
a signal equal to the blank signal three times of its SD, was found to be 0.012 mgmL�1.

3.7 Selectivity

The selectivity of optical sensor, which reflects the relative response of the sensor for
primary ion over divers ions present in solution, is perhaps the most important
characteristics of an optical sensor. In order to access the possible analytical application
of this sensing method, the effects of some alkali, alkaline earth and heavy metal ions were
investigated. The experiment was carried out with a fixed concentration of Co2þ at
3 mgmL�1 and then measuring the changes in absorbance intensity before and after adding
different foreign interferents in the Co solution buffered at pH¼ 5.5. The tolerance
limit was set as the amount of foreign ion causing 	5% error in determination of Co.
The results are summarised in Table 1. As can be seen from Table 1, several metal ions
do not interfere even at high concentrations. In addition to Co, the sensing film also
produces a response to some other metal ions (Cu2þ, Hg2þ) that form complex with
HDDA at pH¼ 5.5. The results obtained may be important in terms of application of the
sensing film to determination of other ions.

With the purpose of increasing selectivity, trials to eliminate the effects of interfering
ions were made using some masking reagents such as diethylentriamine penta-acetic acid
(DTPA), EDTA and oxime. But none of these reagents was suitable for complete
elimination of interferences.

Table 1. Tolerance of diverse ions on determination of 3mgmL�1 Co.

Foreign ions Tolerance limit (Wion/WCo(II))

Kþ, Naþ, ZrO2þ, SCN�, PO4
3-, Cl�, I�, Br�,

SO4
2-, Al3þ, Csþ, Sn2þ, Mg2þ, Agþ, NH4

þ
1000

Ba2þ, Sr2þ, Ni2þ, Zn2þ 200
Mn2þ, Be2þ, Mo(VI), Fe2þ, Cr3þ, Fe3þ 100
Cu2þ, Hg2þ 10
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3.8 Reversibility, reproducibility, short-term stability and lifetime

Some reagents including HCl, HNO3, H3PO4, H2SO4, dithizone, EDTA, NaF and

Na2C2O4 were studied as regenerating and masking reagents. It was found that none of the

above reagents or their mixtures could regenerate optode membrane completely and thus

the membrane could be used as a probe for Co ion determination.
The short-term stability of the optical sensing film was determined by its absorbance

intensity measurements in contact with a buffer solution (pH¼ 5.5) in a cuvette. The signal

was recorded every 30min at wavelength of 470 nm (�max of ionophore) over a period

of about 5 h. It was found that no significant loss of the ionophore occurs during this time.

When the membrane was exposed to light, no drift in signal occurred and the optode was

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 5 10 15 20 25 30 35 40 45

Time (min)

A
b

s

Abs = 0.1298

t95%

Figure 8. Response profile obtained with the Co(II)-optical sensing film for 2mgmL�1 of Co2þ

concentration in aqueous solution with pH¼ 5.5 (membrane composition: 4mg of HDDA, 140mg
of o-NPOE, 6mg of OA and 70mg PVC).

Table 2. Results of four replicate determination of Co in real samples.

Sample Co (††) added Co (††) found Recovery (%)

Mineral watera – 5Detection limit –
Mineral water 4.42 mgmL�1 (4.31	 0.11) mgmL�1 97.5
Mineral water 12.55 mgmL�1 (12.31	 0.13) mgmL�1 98.1
River waterb – 5Detection limit –
River water 3.83 mgmL�1 (3.77	 0.09) mgmL�1 98.4
River water 9.23 mgmL�1 (9.02	 0.10) mgmL�1 97.7
Tap water – 5Detection limit –
Tap water 4.42 mgmL�1 (4.36	 0.13) mgmL�1 98.6
Tap water 12.55 mgmL�1 (12.28	 0.14) mgmL�1 97.8
Permendur alloyc – (48.8	 0.3)% 97.6
Permendur alloy 10.0% (58.7	 0.7)% 97.8
Rem alloyd – (11.8	 0.6)% 98.3
Rem alloy 10.0% (21.58	 0.6)% 98.1

Notes: aThe water obtained from Damavand spring (Lorestan, Iran).
bObtained from Sefidroud river (Guilan, Iran).
cCo (50%), Fe (49%), Mn (0.4%).
dCo (12%), Mo (17%), Mn (3%), bal Fe.
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stable over the experiment with no leaching of the ionophore. The membrane was stable

over a period of 4 months when not in use (membrane was kept in air) and the signal value

of the membrane did not change.
The difference in the response of individual membranes was evaluated by preparing

five membranes from the same mixture and the reproducibility was obtained by

determining the signal of the membrane to 9 mgmL�1 solution of Co2þ. The mean

absorbance was found to be 0.269	 0.007 with RSD¼ 1.96. The results show that the

reproducibility is satisfactory.

3.9 Response time

The response time of the present optical sensing film is controlled by the time of required

for the analyte to diffuse from the bulk of the solution towards the membrane interface

to complexation with ligand. We found 70mg PVC including 140mg plasticiser showed

the shortest response time. The dynamic response time of the optode was of the order of

15min for 95% attainment of the final value for 2 mgmL�1 Co2þ concentration (Figure 8).

The response time depends on the concentration of Co ion.

3.10 Analytical application

As the system has been optimised with laboratory prepared sample, the final test on the

effecting of the sensing film as an environmental monitoring device is to run real

water samples and alloys. The known amounts of Co(II) were added into water samples

and the recovery of spiked Co(II) in these samples was studied with the proposed optical

sensing film. The results are given in Table 2. The SDs of the analysis and the recoveries

of the added Co to the samples show that the proposed method has capability for water

samples and copper-free alloys analysis without considerable error. Table 3 presents

a comparison between the proposed method and other methods for the determination of

Co [11–15].

4. Conclusion

In conclusion, we have shown that a recently synthesised ionophore HDDA can be used
for the development of an optical sensing film for Co ions. On the basis of the results

presented in this work, the proposed Co(II) ion optical sensing film has some advantages

including: easy preparation, low cost, wide dynamic range, low detection limit, good

reproducibility and suitable short-term stability. This sensing membrane has potential

application for determination of Co in a variety of water samples, and copper-free alloys.

The sensing film can also respond quantitatively to other metal ions (Cu2þ, Hg2þ).

Thus, the system could be optimised for detection of other metals, or adopted to the

detection of several metals in real sample.

Acknowledgement

The authors are thankful to the post-graduate office of Guilan University for the support of
this work.

International Journal of Environmental Analytical Chemistry 165

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
1
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



References

[1] A.I. Stoica, P. Marina, G.E. Baiulescu, and M. Ionica, J. Pharm. Biomed. Anal. 36, 653 (2004).
[2] I.M. Raimundo Jr and R. Narayanaswamy, Sens. Actuators B 90, 189 (2003).

[3] A. Safavi and M. Sadeghi, Anal. Chim. Acta 567, 184 (2006).
[4] J.P. Desvergne, A.W. Czarnik, editors, Chemosensors for Ion and Molecule Recognition,

(Kluwer, Boston, 1997).

[5] H. Hisamoto and K. Suzuki, Trends Anal. Chem. 18, 513 (1999).
[6] O.S. Wolfbeis, Anal. Chem. 72, 81R (2000).
[7] I.H.A. Badr, A. Plata, P. Molina, M. Alajarin, A. Vidal, and L.G. Bachas, Anal. Chim. Acta

388, 63 (1999).

[8] X.B. Zhang, C.C. Guo, Z.Z. Li, G.L. Shen, and R.Q. Yu, Anal. Chem. 74, 821 (2002).
[9] I. Oehme and O.S. Wolfbeis, Microchim. Acta 6, 177 (1997).
[10] S.H. Kim, S.K. Han, S.H. Park, S.M. Lee, S.M. Lee, K.N. Koh, and S.W. Kang, Dyes Pigments

41, 221 (1999).
[11] A.A. Ensafi and A. Aboutalebi, Sens. Actuators B 105, 479 (2005).
[12] E.K. Paleologos, M.I. Prodromidis, D.L. Giokas, A.Ch. Pappas, and M.I. Karayannis,

Anal. Chim. Acta 467, 205 (2002).
[13] M. Ahmad, Sens. Actuators B 86, 127 (2002).
[14] E.K. Paleologos, M.I. Prodromidis, D.L. Giokas, A.C. Pappas, and M.I. Karayannis,

Anal. Chim. Acta 467, 205 (2002).
[15] S. Rastegarzadeh and Z. Moradpour, Instrum. Sci. Technol. 35, 637 (2007).
[16] N.O. Mahmoodi, M.A. Zanjanchi, and H. Kiyani, J. Chem. Res. 438, 438 (2004).
[17] H. Hisamoto, N. Miyashita, K. Watanabe, E. Nakagawa, and K. Suzuki, Sens. Actuators B 29,

378 (1995).
[18] K. Seiler and W. Simon, Anal. Chim. Acta 266, 73 (1992).
[19] E. Bakker and W. Simon, Anal. Chem. 64, 1803 (1992).

[20] E. Bakker and W. Simon, Anal. Chem. 64, 1805 (1992).
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