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Introduction
In the recent years, pollution of the environment by heavy metals 

has received considerable attention. Nickel is a moderate toxic element 
compared to other transition metals. However, it is known that 
inhalation of nickel and its compounds can lead to serious problems, 
including respiratory system cancer. Moreover, nickel can cause a 
disorder known as nickel-eczema [1,2]. Nickel is an excellent alloying 
metal in steel industry and is the metal component of the enzyme 
urease and as such is considered to be essential to plants and some 
domestic animals [3]. This metal normally occurs at very low level in 
the environment, so sensitive methods are needed to detect it in most 
environmental samples. Thus, the development of simple methods for 
selective determination of nickel in trace amounts in different matrices 
is critical.

Optical sensors have found great interest in recent years as they 
have many uses in clinical analysis, environmental analysis, and process 
control [4]. Optical chemical sensors (optodes), are usually based on 
acid–base indicators, which can be adsorbed on the surface of support 
materials [5-7]. Several different support materials including lipophilic 
polymers and plasticizers, hydrophilic polymers, ionic polymers, 
sol-gel glass and molecularly imprinted polymers have been used for 
preparation of optical sensors [5-8]. Covalently immobilized dyes, in 
contrast to the physically adsorbed or entrapped dyes, do not suffer 
from leaching or hysteresis and exhibit long lifetimes [8].

Optodes are simple and selective tools for the determination 
of heavy metal ions that have been extensively developed in recent 
years. Optodes are generally used in combination with inexpensive 
spectrophotometic or spectroflourometic techniques to provide simple 
and fast determination methods with enhanced selectivity and low 
detection limits [9-13].

Fabrication of membrane optical sensors have been reported for 
many cations including Ca2+, Na+, K+, Ni2+, Pb2+, Hg2+ and Cu2+ [14-
22]. Use of transparent triacetyl cellulose and agarose membranes as 

supports for preparation of covalently immobilized optical sensors for 
some ions determination were reported by different laboratories. It was 
shown that these membranes can be easily manufactured and simply 
activated and functionalized with an ionophore. In construction of 
optical sensors, ionophores play an important role. The compounds 
contain some donor atoms have been frequently used as ionophores 
in construction of membrane sensors because of their ability to form 
stable complexes with transition metal ions. They produce remarkable 
selectivity, sensitivity and stability for a specific ion [23-26].

In the present study, a hydrazone derivative ligand 
1-acenaphthoquinone 1-thiosemicarbazone, L (Figure 1) [27,28], is
covalently immobilized on a triacetyl cellulose membrane to be used
as an effective ionophore with N and O donor atoms for construction
of a selective optical sensor for the spectrophotometric determination
of Ni2+ in aqueous solutions. The studied compound as an ionophore
is the family of hydrazone which is a kind of asymmetric Schiff’s base.
Schiff's bases (also called azomethines or imines) are functional groups 
with the general formula of R1R2C=N-R3. Schiff’s base can be divided
into two groups; symmetric and asymmetric Schiff's base. Hydrazones
are the members of the asymmetric Schiff's bases. Hydrazones are a
class of organic compounds with the general structure of R2C=NNR2
which are related to ketones and aldehydes by the replacement of the
oxygen with NNR2 functional group. These compounds are commonly 
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Abstract
A new highly selective optical sensor was prepared by de-esterification of triacetyl cellulose transparent film 

and chemical immobilization of 1-acenaphthoquinone 1-thiosemicarbazone (L) on it. The absorbance variation of 
immobilized 1-acenaphthoquinone 1-thiosemicarbazone on hydrolyzed cellulose acetate film of upon addition of 
1.5 × 10-5 mol L-1 aqueous solutions of Zn2+, Pb2+, K+, Cu2+, Ag+, Ni2, Cd2+, Ca2+, CrO4

2-, Hg2+, Co2+, Mn2+, Cr3+, 
S2O3

2-, Mg2+, Na+, Al3+, Tl+ and Fe3+ indicated a substantiality much larger variation for the Nickel ion in compare 
to other studied ions. Consequently, the new hydrazone derivative L possesses a high selectivity towards this 
metal ion. Influences of various experimental parameters on Ni2+ sensing, including the reaction time, the solution 
pH and the concentration of reagents were studied. A linear relationship was observed between the variance in 
membrane absorbance(∆A) at 337 nm and Ni2+ concentrations in a range from 5.01 × 10-10 to 2.04 × 10-5 mol L-1 with 
a detection limit (3σ) of 1.00 × 10-10 mol L-1. No significant interference from 100 times concentrations of a number 
of potentially interfering ions was detected for the nickel ion determination. The sensor showed a good durability 
and short response time with no evidence of reagent leaching. The optical sensor was successfully applied to the 
determination of nickel in real water samples.
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formed through the reaction of hydrazine on ketones or aldehydes [29-31].

Experimental Section
Materials and instruments

All reagents were of analytical reagent grade and were used as 
received. Deionized double-distilled water was used throughout and 
test solutions were buffered in a 0.02 mol L-1 solution of acetic acid/
sodium acetate and pH adjusted with dropwise addition of 1 mol L-1 
solution of HCl or NaOH. The Schiff’s base L, with the chemical name 
of 1-acenaphthoquinone 1-thiosemicarbazone, was synthesized and 
purified using a previously reported method [27,28].

A Jenway (USA) model 3020 pH meter with a combined glass 
electrode was used after calibration against standard Merck buffers for 
pH determinations. A Shimadzu (Japan) model 1650PC double-beam 
spectrophotometer was used for running the electronic absorption 
spectra (controlled to ± 0.1°C). A home-made polyacrilamide holder 
was used for holding triacetyl cellulose membranes inside the quartz 
cells of the spectrophotometer. A totally glass Fisons (UK) double 
distiller was used for preparation of doubly distilled water.

Procedures

A method described elsewhere was used for the preparation of 
transparent triacetyl cellulose membranes. They were produced from 
waste photographic film tapes, which were previously treated with 
commercial sodium hypochlorite for several seconds in order to 
remove the colored gelationous layers [26,32]. The triacetyl cellulose 
transparent film was hydrolyzed in order to deesterify the acetyl groups 
and to increase the porosity of the membrane by treating the membrane 
into 0.10 M NaOH solution for 24 h. The films were treated with a 
solution of 0.007 g of the compound L, in 10 ml ethylene diamine for 2 
min at ambient temperature. Afterwards, they were washed with water 
for the removal of ethylene diamine and the loosely trapped indicator. 
The prepared membranes were kept under water, when not in use. A 
1 cm × 2 cm peace of the fabricated membranes sensor was cut and 
mounted in a polyacrylamide holder and placed inside the quartz 
cell of the spectrophotometer. The cell was then used as usual for the 
absorbance determinations. All the measurements on the transparent 
triacetyl cellulose membrane were performed in aqueous medium.

The recommended procedure was applied to the determination of 
nickel in several real water samples collected from the west of Iran, 
Kermanshah. The pH was adjusted to 6.0 before analysis, without 
any further treatment. For analysis, about 2.5 ml of the samples were 
transferred into a 1 cm quartz cell equipped with the membrane sensor. 
The absorbance’s were then measured at 337 nm and subtracted from 
an absorbance reading for a buffer solution at the same wavelength. 
The Ni2+ concentration was then derived using an ordinary calibration 
curve method.

Results and Discussion
Preliminary studies

In preliminary studies, we recorded the absorbance variations 
followed by absorbance readings at maximum wavelength of 
immobilized 1-acenaphthoquinone 1-thiosemicarbazone on 
hydrolyzed cellulose acetate into a quartz cell of the spectrometer. They 
occur upon addition of 1.5 × 10-5 mol L-1 aqueous solutions of Zn2+, 
Pb2+, K+, Cu2+, Ag+, Ni2, Cd2+, Ca2+, CrO4

2-, Hg2+, Co2+, Mn2+, Cr3+, S2O3
2-, 

Mg2+, Na+, Al3+, Tl+ and Fe3+ which was obtained after equilibration at 
pH 6. According to the shape reported in Figure 2, It should be noted 
that the largest variation is observed for Ni2+, whereas for the other 
studied ions, negligible or small variations in the absorbance maximum 
is observed by increasing the concentration of corresponding ions. 
Based on the relatively high selectivity of 1-acenaphthoquinone 
1-thiosemicarbazone for Ni2+, as was concluded from its absorbance 
variation, the mentioned compound, L was expected to possess a high 
selectivity towards this metal ion.

Immobilization of ligand L on a triacetyl cellulose transparent 
film changed, in some extent, its optical properties. The absorbance 
maximum of L showed a blue shift from 417 nm to about 337 nm upon 
the immobilization as is obvious from Figure 3. This can suggest that 
the structured conformation of the immobilized 1-acenaphthoquinone 
1-thiosemicarbazone compound is less flat than that of its soluble 
analogue [26]. Furthermore, it is evident that the first region of spectra 
at about 200-300 nm for the membrane sensor in compare to the 
dissolved form of L, in methanol was disappeared too.
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Figure 1: Chemical structure of 1-acenaph-
thoquinone 1-thiosemicarbazone.Figure 1: Chemical structure of 1-acenaphthoquinone 1-thiosemicarbazone.

Figure 2: The absorbance variations of the 1-acenaphthoquinone 1-thiosemicarbazone membrane sensor at maximum 
wavelength for the studied ions.
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Figure 2: The absorbance variations of the 1-acenaphthoquinone 1-thiosemi-
carbazone membrane sensor at maximum wavelength for the studied ions.
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Figure 3: The curves 1 and 2 show the absorbance spectra of the 
1-acenaphthoquinone 1-thiosemicarbazone in methanol solution (1 × 10-4 mol 
L-1) and after immobilization on a triacetyl cellulose membrane, respectively. 
The blue shift observed for L (curve 2) upon immobilization on the membrane. 
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Figure 4 show the absorption spectra of immobilized 
1-acenaphthoquinone 1-thiosemicarbazone on hydrolyzed cellulose 
acetate which was obtained after equilibration at pH 6.0 containing 
different concentrations of Ni2+. The spectral characteristic of this optical 
sensor indicate maxima at 337 nm. It is evident that the membrane 
absorbance at 337 nm decrease by increasing Ni2+ concentration as a 
result of the complex formation in the optode. During the titration, 
no measurable spectral shift was observed, which is typical for an 
absorption process involving a strong complex formation [26].

Effect of pH on the sensor response

The response characteristic of the prepared membrane sensor was 
highly dependent to pH. Since variation of pH changed the absorbance 
of both the free and complexed forms of the immobilized L, for the 
study of the effect of pH absorbance differences (∆A) before and after 
addition of Ni2+ was followed in a pH range of 4 to 10. As shown in 
Figure 5, the change in absorbance increased rapidly by changing the 
pH from 4 to about 5.5, while it was decreased at pH values higher than 
6.5. The diminished response at the low pH region may be explained 
by the extraction of H+ from the test solution into the membrane, via 
protonation of the donor atoms of L, resulting in an expected change 
in the formation of a Ni2+-L complex. On the other hand the reduced 
optical response of the proposed sensor due to a possible of Ni2+ 
hydrolysis in higher pH values. Thus, a pH of 6.0 was considered as 
optimum and used for further studies [33].

Calibration curve of the sensor

The dynamic working ranges for the proposed membrane sensor 
was studied by stepwise addition of Ni2+ to a series of test solutions 
followed by the absorbance difference monitoring at 337 nm. It was 
found that the absorbance decreased continuously by increasing the 
Ni(II) concentration and the membrane was saturated when the Ni2+ 
concentration exceeded 10-4 mol L-1. Under the specified experimental 
conditions, the calibration curve in a logarithmic scale for Ni2+ 
was linear from 5.01 × 10-10 to 2.04 × 10-5 mol L-1. According to the 
definition of IUPAC, the limit of detection (LOD, 3σ) of this method 
was 1.00 × 10-10 mol L-1 which is sufficiently low for Ni2+ monitoring 
in environmental samples [10,34,35]. The regression equation for the 
calibration curve shown in Figure 6 was ∆A=0.097 × Log (Ni2+)+0.925 
with a correlation coefficient (R2) of 0.994.

The sensor response time

The response time of the Ni2+ sensor was calculated by plotting the 
absorbance as a function of time at two levels of Ni2+ concentrations. As 
shown in Figure 7 the profile of the response of Ni2+ optical sensor at 
337 nm with time, the absorbance gets to 95% of the steady state signal 
in about 1 min. In general the response time decreased by increasing 
the analyte concentration. This may be explained by the fact that at a 
higher analyte concentration the rate of its diffusion in the membrane 
phase may be increased [10,34].

Effect of interfering ions

Perhaps the most important characteristics of an ion-selective 
optode are its selectivity, which reflects its relative response for 
primary ion over diverse ions present in solution. Thus, the influence 
of several potentially interfering ions on the response behavior of the 
membrane sensor was studied. To investigate the selectivity of the 
proposed Ni2+ optical membrane sensor, the absorbance of a fixed 
concentration of nickel ion, at 1.0 × 10-8 mol L-1 level, in a solution of 
pH=6.0 was recorded before (∆Ao) and after (∆A) addition of some 

Figure 4: The absorption spectra resulting from spectrophotometric titration of 
the proposed sensor, under the optimal experimental conditions. The arrows 
show the directions of absorbance changes by increasing the concentration 
of Ni2+.
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Figure 5: Effect of measurement pH on the absorbance differences between the free and 
complexed forms of the immobilized L. The absorbances were measured at 337 nm in a 0.05 
mol l-1 acetate buffer and a buffered 1.0 × 10-7 mol L-1 Ni2+ solution, respectively. 
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potentially interfering ions such as Ca2+, Mn2+, Al3+, Zn2+, Cd2+, Pb2+, 
Ag+, Hg2+, Co2+, Cu2+, Cr3+, Mg2+, Na+, K+, Tl+, Fe3+, Li+, Ba2+and Ce3+ at 
concentrations up to 100 times of the analyte ion. The resulting relative 
error is defined as RE(%)=[(∆A-∆Ao)/∆Ao] × 100. The results of the 
selectivity studies are summarized in Figure 8. The data clearly indicate 
that, for all the studied metal ions, the relative error is up to 4%, which 
demonstrated that the studied interfering ions with a concentration of 
at least 100 times of Ni2+ ion, have no significant effect on the analytical 
signal [21,34,35].

Regeneration and reproducibility of the sensor

Multiple usage of an optical sensor is feasible if the sensor can 
be easily regenerated and give reproducible responses. Different 
compounds, EDTA and SCN- solutions with different concentrations 
were tested for regeneration of the membrane sensor and desorption of 
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38]. The mean absorbances of the membranes at 337 nm were found 
to be 0.801 (± 0.025) and 0.805 (± 0.020), before and after this period, 
respectively. Hence, the membranes are stable within this period with 
a minimum life time of 4 months. Also no evidence of the ionophore 
leaching or signal drift was observed during multiple usages of the 
membrane.

Additionally, the short-term stability of the optode membrane was 
investigated by monitoring its absorbance values during its contact 
with a 1.0  10-7 M solution of Ni2+ at pH 6.0 over a period of 6 hours. 
From the absorbance measurements in 30 min intervals (n=2), it was 
found that the response was almost unchanged with only 1.0% increase 
in absorbance at tested wavelength after the 6 hours monitoring [34].

Application
The proposed Ni2+-selective optical sensor was used for the 

determination of Ni2+ in two natural water samples. The data given in 
Table 1 show a good agreement between the measured values using 
the proposed method and those obtained by the atomic absorption 
spectrometry (AAS) laboratory at Razi University, Kermanshah, Iran. 
It may be concluded that the proposed membrane sensor is selective to 
Ni2+ and may be used for monitoring of this ion in real water samples.

Conclusion
The Ni2+ optical sensor that is prepared on the basis of 

1-acenaphthoquinone 1-thiosemicarbazone in this study shows very 
good selectivity for Ni2+ over other common metal ions. The proposed 
sensor showed very favorable optical properties for its use as an optical 
sensor, such as high selectivity, adequate life time, fast and reproducible 
regeneration, low cost and simple fabrication and handling. The sensor 
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Ni2+ from it, see Figure 9. The best reagent was an EDTA solution with 
a concentration of 0.1 mol L-1 or higher, which can efficiently remove 
any adsorbed Ni2+ from the membrane and returns its absorbance to 
its initial value for membrane (∆A≈0) in less than about three minute.

The reproducibility of the sensor response was tested by its multiple 
usages for Ni2+ monitoring in test solutions at two concentration levels 
of 1.0 × 10-9 and 1.0 × 10-7 mol L-1. After each absorbance reading, the 
membrane was cleaned by 0.1 mol L-1 EDTA solution, pure water and a 
0.05 mol L-1 acetate buffer solution, respectively. As shown in Figure 10, 
good reproducibilities were obtained at both Ni2+ concentration levels. 
The corresponding RSD values were 1.45% and 0.83%, respectively 
[21,34,35].

Lifetime and stability

The life time of the membrane sensor was tested over a period of 
4 months during which the membranes were stored in water [5,36-
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can be regenerated readily with an EDTA solution and demonstrated 
a long life time with the possibility of multiple uses for environmental 
monitoring of Ni2+. Due to the advantages of the proposed method with 
respect to previously reported ones it may be used as an alternative 
method for Ni2+ determination over a range of 5.01 × 10-10 to 2.04 × 10-5 
mol L-1 values without any significant interference from other metal 
ions.
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Figure 10: Reproducibility of the optical sensor signal at two Ni2+ concentration 
levels of 1.0 × 10-8 and 1.0 × 10-6 mol L-1.

Samples
Ni2+ (mol L-1)a

Measured value
(Triacetyl cellulose membrane)

Reference value
(AAS)

Gharahsoo River water 1.68 (± 0.22) × 10-7 1.73 ( ± 0.23) × 10-7

Spring water 1.21 (± 0.19) × 10-7 1.25 ( ± 0.20) × 10-7

avalues in the parentheses are standard deviation based on the three replicate 
analyses
Table 1: Application of the membrane sensor for the determination of Ni2+ in 
different real samples.
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