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Abstract

Simple method has been used to determine the absence of heavy metals in an
aqueous solution. Fluorescein was used as the base colorimetric materialThis was
doped with CuCl, and the final solution showeda clear change in color. This change
was correlated with the change in both pH and electrical conductivity of the
solution. The optical property as an obvious change of the spectra was observed.
Therefore, this simple method could be proposed as a method to detectheavy metals
in any solution.
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1. Introduction

Heavy metal ions are of great concern among chemists, biologists, and environmentalists; they are
very toxic and may cause health and environmental problems, regardless of the significance of some
heavy metal ions in living systems [1]. High concentration of heavy metals ions such as Fe(l11), Zn(I1),
Cu(ll), Co(ll), Mn(ll), and Mo(V1) result in negative health effects, however, some of them are
essential for the human metabolism [1-3]. Accumulation of such ions in the human bodies over time
results in serious debilitating illnesses [4]. Therefore, it is essential to develop new methods to select
and determine heavy metal ions. Fluorescein is an organic dye and is useful as a possible searching
reagent for latent bloodstains [5]. Developing and synthesizing different fluorescein derivatives are
still interesting to meet some requirements in different applications [6, 7]. Several reports that show
the basic fluorescence properties of some well-known fluorescein dyes are already published [8-11],
however, the experiments was carried out under different conditions and techniques. Therefore, the
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comparison between the collected data is found to be difficult for different dyes. Fluorescein color
is dark orange in the form of powder; however, diluted fluorescein shows bright yellow-green color as
a function of the way it is observed: by reflection or by transmission [12]. The ionization equilibrium
of fluorescein leads to pH-dependent absorption and emission [13]. Fluorescein complexes might be
prepared by binding Cu (Il) with the fluorescein molecules; these ligands (copper (II) fluorescein
complexes) are sensitive to pH values of the buffered solutions. Lim et al. have studied the use of
copper (I1) fluorescein complexes to detect nitric oxide (NO) in water [14]. The absorption properties
of such complexes have shown binding stoichiometry for the Cu (Il) complexes of different
fluorescein derivatives in pH 7.0 buffered aqueous solutions. In the current study, the colorimetric
detection of the Cu (l1) ions in aqueous solution was developed using a simple methods such as pH
values, absorption spectra and electrical conductivity. Usually, the Fluorescein dye solution is based
on one solvent, in this study a co-solvents of Ethanol: water was used. Different concentrations of
CuCl, were used to evaluate the lowest detection ability of such colorimetric sensor.
2. Materials and Methods
2.1Samples Preparation

All chemicals and solvents were purchased from Sigma-Aldrich and used without further
purification unless otherwise mentioned. Samples were prepared by dissolving the fluorescein dye in
40ml of ethanol to obtain 0.25% mg/ml concentration. On the other hand, CuCl, was dissolved in
deionized water to obtain different concentrations (0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09
and 0.1 mg/ml). Then, 1ml of ethanol based aqueous luorescein solution (AFS) and 1ml of DI water
were mixed to obtain the co-solvents of AFS. After that, 100ul of water-based CuCl, solution of
different concentrations were added to the co-solvents of AFS to obtain the final solutions of AFS:
CuCl2. The change in the color is observed upon loading the CuCl, to the AFS as shown in Figure-1.

A

Figure 1-(A) different concentrations of aqueous CuCl, (B) different concentrations of AFS:CuCl,
where P is AFS

2.2. Characterization:

A double beam UV—Visible spectrophotometer (UV-1800 Shimadzu) in the range of 190-1100 nm
was used to measure the absorption spectra of aqueous fluorescein solution and aqueous CuCl,
solution. The electrical conductivity of the solutions was recorded using DDS307W microprocessor
conductivity meter. The pH values of the aqueous solutions were measured using a pH meter (Fisher
scientific company).

3. Results And Discussion:
3.1. UV-Visible Spectrophotomety

Homogeneous mixtures were obtained after mixing co-solvents of AFS and CuCl, solutions, the
resulted solution had an obvious change of color upon increasing the CuCl, concentrations as shown in
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Figure-1(B). The absorption spectrum of pure fluorescein in ethanol has demonstrated typical behavior
with different peaks as shown in Figure-2. The first peak around 490nm is directly related to the
fluorescein absorption [15] while the absorption of alcohol solution occurred mainly in the high
wavelength regions. The pure fluorescein absorption spectrum has been affected by the addition of
CuCl, with different concentrations; low concentrations starting from10 mg/ml revealed a small
change in the absorption spectrum. This has increased with increasing the concentration of CuCl,. The
main absorption peak of fluorescein is at around 490nm, this was blue shifted and another peak
appeared due to the CuCl, addition. The blue shift was of about 10nm in the main peak and the new
peak appeared close to 450nm. The absorption spectra at higher wavelengths demonstrated an increase
in the peak intensity with the same position; All the changes were noticed in the range 550-450nm. A
shoulder around 380nm was clearly pronounced in the fluorescein based solution which demonstrated
a clear blue shift at lower CuCl, concentrations up to 80ng/ml CuCl,. This shoulder has red shifted
again to the same position as the pure fluorescein solution. No clear reason was found to explain this
behavior and further investigation is needed. The detection limit of this solution for Cu** as a heavy
metal in an aqueous solution started from a very low concentration (10ng/ml). The significant color
change indicates that this method is a sensitive naked-eye indicator for Cu*? detection. Adding Cu** to
the fluorescein solution results in a color change from light yellow to light green together with an
obvious blue shift in the main absorption band of fluorescein. According to linear Benesie Hildebrand
expression, the varied as a function of Cu*? ions concentration in a linear relationship, demonstrating
the formation of 1:1 stoichiometry between Cu*? and fluorescein and this is in good agreement with
Li et al.[16]. Typically, the cation-sensing mechanism is based on changing the structure between
spirocyclic and opencyclic forms. These probes exist in the spirocyclic forms in the absence of metal
ions, which are colorless and non-fluorescent. Adding metal ions results in color change and the
generation of strong fluorescence by making the spirocycle open via coordination or irreversible
chemical reaction and this in good agreement with Yang et al. [17].
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Figure 2-UV-Vis absorption spectra of luorescein: CuCl, solutions with different concentrations

3.2Conductivity

The electrical conductivity increased with increasing the metal salt contents in water; The results
are shown in Figure-3. The results demonstrated that the conductivity values increased linearly with
increasing the CuCl, concentration in the DI water. This is normally due to the ionic conductivity of
the Cu*? ions in water, the more content the higher conductivity (see Fig.3A). In an ionic solution like
salt water, its conductivity is a function of its concentration and the ability of its charged particles to
move freely in the solution. Conductivity of a solution is governed by the number of its charge carriers
(the concentrations of the ions) and the mobility of these charge carriers [18]. Theoretically,
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conductivity increases in direct proportion to concentration. In practice, this is not accurate, the
concentration and mobility of the Cu*? ions are not independent properties. As the concentration of an
ion increases, its mobility decreases [19].
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Figure 3-(A) Electrical conductivity, (B) Molar conductivity, (C) Degree of dissociation and (D) pH

On the other hand, adding CuCl, solution to the fluorescein solution increased the conductivity of
the fluorescein linearly with values lower than that of the CuCl, aqueous solution. Some ionic
compounds are water-soluble, which means they dissolve in water. The molar conductivity (Am) is
defined as the conductivity (o) of an electrolyte solution divided by its molar concentration (c) as
shown in the following equation [18]:

Am=o/c (1)

Once these compounds dissolve, they dissociate, or break into their respective ions. The
dissociation of these ions, the degree of dissociation (D), is calculated by the following equation [20]:
D= Am/Ao (2)

Where Ao is the extrapolation of molar conductivity to infinite dilution the limiting value of the
molar conductivity. The molar conductivity results are shown in Fig.3B and the degree of dissociation
(D) results are shown in Fig.3C. Increasing CuCl, concentration has resulted in decreasing the molar
conductivity and the degree of dissociation of the solution. This change is very sensitive to the amount
of the metal salts which directly affects the color properties of the solution. At low concentrations, the
dissociation of ions is very high resulting in higher molar conductivity. Once the Cu*?ions increased in
the solution, the dissociation decreased resulting in lowering the mobility of the ions and then
decreasing the molar conductivity [19]. This decrease is found to be in good correlation with the pH
values of these solutions; pH has demonstrated a decrease with increasing the CuCl, concentration as
shown in Figure-3D. Once the CuCl, is dissolved in water, it forms a weak base, this is because the
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chloride ions can act as the conjugate base of hydrochloric acid. Because HCI is a strong acid
(completely dissociates) the chloride ions are very weak conjugate bases, even when they come from
copper chloride (I or 11). Therefore, Cu®* ions are acting as Lewis acid and [Cu (H20) 6]** can further
dissociate releasing H" ions and decreasing the pH.
Conclusion

The colorimetric properties of Fluorescein dye has been investigated before and after doping with
CuCl, .The obvious change in the color corresponding to change of the optical properties especially in
the main absorption peak of fluorescein (490nm) which was blue shifted by about 10nm after adding
CuCl, with the appearance of a new peak close to 450nm. All the changes in the absorption spectra
were noticed in the range 550-450nm. Moreover, the change in the color is also correlated with a
change in the electrical conductivity and pH value. The conductivity has increased with increasing the
Cu*?in the solution while the pH has decreased .The Cu?® ions acts as Lewis acid and [Cu(H20)6]**
can further dissociate releasing H* ions and decreasing the pH.
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