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In this work, a new bis-azo dye (BAD) was synthesized and characterized by
Fourier-transform infrared (FT-IR) and nuclear magnetic resonance (NMR)
spectroscopy. This ligand was used for selective determination of Cu?* at trace
levels in the agueous solution. In the presence of Cu?*, the color change of ligand
from red to orange pale (under visible light) was seen. Under optimized conditions,
the limit of detection and quantification were found to be 0.13 and 0.44 uM,

Keywords: respectively. Dynamic range was found in the concentration range of 1.6 -17.5 uM
Bis-azo dye with a correlation coefficient of 0.9964. This sensor was reversible and the
Colorimetric chemosensor response time was estimated nearly 6 minutes. The stoichiometric ratio between the
Copper chemosensor bis-azo dye—Cu?* [BAD-Cu®*] complex was determined to be 1:1

Spectrophotometric. according Job’s plot. The results showed that this sensor was successful in

determining Cu?* in tap and mineral water samples.

1. Introduction

In addition to diverse biological processes, metal ions
play an essential role in countless chemical reactions.
Among metal ions, copper is one of the most widely used
metals due to its valuable properties and numerous
applications in modern economics and daily life [1-3].
Copper (I1), as a trace element, is essential for plant and
human health [4-5]. However, excessive consumption can
also be harmful to health [6—7]. Copper can accumulate in
hair, bones, and inside some soft tissues such as the
kidneys, liver, lungs, or brain [8-9]. Therefore, the
determination of copper in both the environment and
biological samples is critical to public health and the
environment. Various methods have been used to
determine copper.

Despite the existence of conventional techniques, such
as different spectroscopy [10-12], stripping voltammetry
[13—14], luminescent [15], inductively coupled plasma
spectroscopy (ICP-MS) [16], and cloud point extraction
(CPE) [17-18], it is vital to develop a simple, cheap, and
highly selective method for measuring metal ions.

Recently, chemical sensors based on optical signal
measurements are considered as the advanced technigues
due to their simplicity, reasonable selectivity, improved
sensitivity, low detection limit, and fieldwork applicability
[19-23].

In the development of chemical sensors based on
organic compounds, molecules containing multiple
heteroatoms such as N, S and O are often preferred because
of their ability to absorb different ions [24—26]. In recent
years, azo dyes have studied for their easy synthesis, and
the wide variety. Azo compounds are characterized by the
presence of the azo moiety (—N=N-) in their structure that
is attached to two alkyl or aryl groups. The properties of
these compounds are determined by the number of
(—=N=N-) groups, and the type of groups attached to them.
These compounds are widely used in different applied
fields, such as medicines, ink jet printing [27-29], fuel
cells [30], sensitized solar cell dyes [31], foods additives
[32—34], liquid crystal industry [35—38] etc.

In the present paper, we report the construction of a
sensor to determine low levels of copper using a bis-azo
dye as the sensing reagent. Bis-azo dye was synthesized by

* Corresponding author; e-mail: shafiee@pnu.ac.ir
https://doi.org/10.22034/crl.2024.435316.1279

This work is licensed under Creative Commons license CC-BY 4.0

404


https://doi.org/10.22034/crl.2024.435316.1279
https://creativecommons.org/licenses/by/4.0/legalcode
http://www.chemrevlett.com/

Chem Rev Lett 7 (2024) 404-412

bis-diazotization of the corresponding diamine (1, 4-
phenylendiamine) and there after the coupling reaction (in
a 1:2 molar ratio) of the resulting bis—diazonium salt with
salicylaldehyde.

2. Experimental

Materials and instruments

All chemicals were analytical grade (>99.5%) and
purchased from B.D.H, Fluka and Merck Companies
Switzerland and Germany. Metal cationic samples (Ag*,
C3.2+, Na*, K+, L|+ ’ Cr3+, Ni2+, an“', Mg2+’ an", Fe3+, ng+,
Pb?*, AI** ) were prepared with nitrate, acetate, chloride
and sulfate salts. The working Cu (Il) solutions were
obtained by dissolving 25 mg CuS04.5H,0 in deionized
water that, final concentration was 1x102 M. A stock
solution of BAD at concentration (5x10- M) was prepared
by dissolving (20.9 mg) of BAD in 10 ml of DMF.
Shimadzu UV-1601 PC (Shimadzu, Kyoto, Japan) UV-
VIS spectrophotometer was used to absorption spectra and
all measurements were recorded at 340—-700 nm. pH Meter
Model 713 Metrohm (Switzerland) equipped with
combined glass calomel electrode was used to measure the
pH of the solutions. THNMR spectra were recorded at 400
MHz by Bruker Avance spectrometer (USA). Infrared
spectra were recorded using a Frontier IR spectrometer

(Nicolet iS 10, USA). A Hamilton microliter syringe (10,
50 pL) was used for the titration experiment.

Synthesis of BAD

The chromoionophore BAD were prepared by linking
phenylendiamine to beta naphthol through diazo—coupling
reactions. 1, 4—phenylenediamine (1.08 g, 10 mmol) was
added to a 10 mL solution of 1 M sulfuric acid while
stirring and placed in an ice bath. Then the solution of
sodium nitrite 1 M (10 mL) was added dropwise so that the
temperature was maintained at 0-5° C. A solution of beta
naphthol (2.88 g, 20 mmol) in 30 ml of 10% NaOH was
slowly added to the prepared diazonium salt solution for 30
minutes with vigorous stirring. The resulting solution was
stirred for 20 min in an ice bath and then allowed to reach
room temperature. Finally, the reaction mixture was
acidified with sulfuric acid. The reddish—brown precipitate
was filtered, washed several times with cold water, and
purified by recrystallization from DMF/H2O. The structure
of the employed dye molecule is shown in Figure 1.
IR (KBr) v=3373, 16280, 1199, 1158, 1093, 994, 961 cm"
L IH NMR (400 MHz, DMSO-ds): =6.74-6. 92 (m, 4H),
6.95-7.05 (t, J=7.4 Hz, 2H), 7.12-7. 19 (t, ) = 7.5 Hz, 2H),
7.39-7.46 (d, J = 11.1 Hz, 2H), 7.44-7.55 (m, 6H), 9.49 (s,
2H) ppm.

Scheme 1. Chemical structure of BAD.

Spectrophotometric titration of BAD with Cu?*

In this research, BAD was used as a colorimetric
indicator for Cu?* detection and determination. In order to
complexation studies, BAD solution (2.5 mL) was
transferred to the 1 cm quartz cuvette and the UV-Vis
spectrum was recorded at wavelengths of 340—700 nm. An
initial 2.5 ml solution of BAD (5.0 x 10° M) was
continually titrated with various concentrations of Cu?* and
monitored with a spectrophotometer.

3. Result and discussion
FTIR spectra & binding mode

Using the infrared spectrum, helpful information can be
obtained about the functional groups involved in the
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formation of the complex. FTIR spectrum of BAD
indicated the stretching vibration of v (OH) group at 3462
cm™. This peak was absent in the complex, which indicated
deprotonation and coordination of oxygen atom with metal
ion. Bathochromic displacement of the characteristic azo
bridge vibration band (N = N) at 1500 cm™ to a lower
frequency of 1456 cm™ along with splitting indicates the
bonding of this group with the metal ion. The appearance
of two new bands in the 419 and 480 cm™ was assigned as
v (M-N) and & (M-0) stretching and bending bands [39].
Therefore, it can be concluded that the synthesized
compound acts as a bidentate ligand and binds to the metal
ion through phenolic oxygen and nitrogen of azo group.
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Scheme 2. IR spectra of free BAD and [BAD- Cu?*] complex.

Spectrophotometry studies

The selectivity and sensitivity of the sensor against
various metal ions are the significant factors in evaluating
its practical applications. Here, the UV-Vis titration
method has used to determine selectivity and sensitivity.
The aqueous solutions (2.0 x 10~* M) of all metal ions were
utilized for complexation studies. Among all cations and
anions, including Ag*, Ca?*, Na*, K*, Li*, Cr®, Ni?*, Mn?",
Mg?, Zn?*, Fe®", Hg?*, Pb?*, AI¥*, NOs", NO,, SO4*, OAC
, CI', I, POs*, HPO4s*, MoO4*, just Cu?* was showed
binding properties with BAD in DMF solution. The
absorption spectra of the BAD ligand solution were
recorded at wavelengths of 340—700 nm. An initial 2.5 ml
solution of BAD (5.0 x 10° M) was continually titrated
with various concentrations of Cu?* and monitored with a
spectrophotometer. Upon addition of copper ion (1.6-17.5
pMM) the maximum absorbance at 493 nm gradually
decreased in intensity and a new absorption peak appeared
at 425 nm with the change of the color of the solution from
red to pale orange. At the same time, two isobestic points
were observed at about 393 nm and 567 nm during the
titration, indicating the formation of a stable complex
between the BAD and Cu?* (Figure 3a). In the
concentration range of 1.6-17.5 pM, the UV-Vis
absorption had a linear relationship with Cu?* ion
concentration. The regression equation was y =
—22671x + 0.6737 with a correlation coefficient of
0.9964 (figure 3b). Based on the titration and linear
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relationship, the detection limit (%) and the

quantification limit (%) [40] were calculated to be 0.13

and 0.44 puM respectively.

The stoichiometric determination of the bond between
the chemical sensor and the copper cation has been studied
by performing the Jobs plot and mole ratio experiments
[41]. Job’s plot and mole ratio for the titration data support
forming a 1:1 complex (Figures 4, 5).

Effect of pH on sensor response

To investigate the effect of pH of agueous solutions on
the absorption of the [BAD— Cu?®*] complex, we made
solutions with different pH. The absorbance measurements
were done in the pH range 2.0-11.0 adjusted using KHP
and HCI (2.2-3.8), KHP and NaOH (4.0-6.2), sodium
tetraborate and HCI (7.7-9.2), sodium tetraborate and
NaOH (9.2-11), buffer solutions [42]. According to the
obtained results (Figure 6), the absorption efficiency of
complex enhanced at pH =9.0.

In the acidic medium, the decrease in absorbance
intensity was attributed to the hydroxyl-attached proton in
the BAD. In addition, the low absorbance values obtained
at high pH (pH> 9) indicate that the Cu?* ion may be
hydrolyzed as hydroxide and may not form a complex with
the bis- azo chemosensor [43]. Therefore pH= 9.0 was
selected for further studies while an orange pale complex
[BAD- Cu?*] was formed.
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Scheme 3. (a) The UV-Vis spectra of chemosensor BAD (50.0 u mol L) upon addition of Cu?* ion (1.6 -17.5 uM) in
DMF, (b) Calibration plot of the absorbance vs concentration of Cu?*.
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Scheme 6. Effect of pH on the absorbance intensity at maximum absorption wavelength of [BAD— Cu?*] at 493 nm, upon
addition of Cu?* ion (1x 10° M).

Performance of the probe

The parameters such as, response time and reversibility
were studied duo to evaluate the practical performance of
the probe, using absorption spectrum. Figure 7 show the
effect of time on the progress of the [BAD- Cu?*] complex.
Although a steady-state response happened after 6 min, the
approximate response time of the chemosensor was
investigated at intervals of 0-11 minutes. This short
response time could provide a new real-time method for
determining copper. The reversibility experiments were
tested by using Na,EDTA as the chelating agent. After the
addition of Na;EDTA to the solution of [BAD- Cu?']
complex, the absorbance band at 493 nm increased
gradually because of its greater binding affinity of EDTA
for Cu?" ions than BAD. Upon addition of Cu?* again to the
above solution, the absorbance at 493 nm was recovered to
the initial intensity. The absorbance changes at 493 nm
were almost reversible even after several cycles with the
sequentially alternative addition of Cu?" and Na,EDTA
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(Figure 8). Such reversibility could be significant for the
fabrication of sensing devices for Cu?* recognition.

Application for real samples

The colorimetric chemosensor BAD was used to
determine Cu?* ions in both tap water from Department of
Chemistry, Payame Noor University, Shiraz, Iran, and
mineral water from local markets. Before analysis, 400 ml
of tap water was filtered through a filter paper of pore size
0.45 pm. Then, 8 ml concentrated nitric acid, and 3 ml 30%
hydrogen peroxide was added and boiled for 20 minutes,
until their volume reached one-tenth of the original
volume. The resulting solution was cooled, and adjusted to
pH 9, diluted to 100 ml with distilled water in a calibrated
flask and used to determine copper in water samples. The
results were shown in Table 1. These results indicated that
BAD is an effective sensor for Cu?*ions in both tap water
and mineral water samples.
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Scheme 7. Reversibility cycle by UV-Vis experiment BAD after the sequential addition of Cu?* ion(1x 10> M) and EDTA
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Table 1. Determination of Cu?*ion in water samples by the proposed method (n=4).

Sample Added (Cu?), Found (Cu?"), Recovery(SD) %RSD
pumol Lt pumol Lt %
- 1.6 -
Tap water 4.0 3.7 92 +1.93 2.09
12.0 115 96 +1.24 1.29
16.0 16.5 103+£1.04 1.01
- 1.8
Mineral water 4.0 3.9 97 +1.83 1.88
12.0 11.9 99+1.20 121
16.0 17.0 106 + 2.37 2.23

Average of four replicates

Table 2. Comparison of various sensors for Cu®* detection.

Detection limit

Dynamic range

Detection medium

Ref.

6.08 umol Lt

(1-100 ) pmol L
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9:1 DMSO/ H;0
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2.03 umol L! 10-100) umol Lt

r r

6.82 pmol L (0-40) pmol Lt

1.01 pmol L! 1.66-25 pmol L

0.13 umol L (1.6- 17.6) umol L*
o W

8:2 MeCN/H,0 45

DMSO 46

1:1 isopropanol/ H,0O 47
DMF This work

Some of the Cu?* ions sensors with various detection
methods are presented in Table 2.

3. Conclusion

In this study, we have synthesized and characterized the
bis-azo dye (BAD) that can be used to detection of Cu?* ion
in an aqueous solution. A spectrophotometric study
showed that BAD had a good selectivity and sensitivity for
Cu? ion. The detection can be monitored by the significant
color changes from red to orange pale in DMF media under
visible light. The detection limits for Cu?* were found to be
0.13 uM, that much lower than in previous research. This
comparison has shown in table 2. The probe and Cu?* ion
were found to react at a ratio of 1:1 [BAD- Cu?"] complex
by Job’s method. The advantages of this method are
simplicity, convenience, accuracy, high selectivity and
reproducibility.
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