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A novel chromogenic agent for colorimetric estimation of copper in water and
pharmaceutical tablets
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ABSTRACT

The current study intends to develop a novel, simple and selective colorimetric method to identify the presence of copper on the basis of a
newly-synthesized Schiff base prepared from the condensation of 1,3-phthalaldehyde with 2-aminophenol. The new chromogenic agent was
studied using elemental analysis, IR, NMR, MS, and UV-VIS absorption. The new chelate produces a stable colored complex with Cu(II)
ions with a 1:1 composition using the continuous variation method. The colored complex exhibited a strong absorption peak at 440 nm and
this phenomenon empowers copper analysis to be conducted in natural water, and pharmaceutical solutions directly via the colorimetric
method. The author analyzed and optimized all the factors that tend to influence the sensitivity of the method. Such factors include pH,
time, the concentration of the ligand and temperature. The process, proposed in the study, was then evaluated in terms of precision, accuracy
and selectivity. The study outcomes are as follows: linear dynamic range 0.8-22 pug mL™; limit of quantitation 0.970 pg mL-!; and limit of

detection 0.293 pg mL-.
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INTRODUCTION

Schiff bases are stable condensation derivative compounds between
carbonyl-containing compounds like aldehydes and ketones and
primary amino compounds forming an imine group is characterized
by its stability and tendency to develop as complexes in association
with various types of metal ions and exhibit biological activities.!”
Schiff base metal complexes have many applications in catalysis® and
the removal of toxic metals.”

Copper (Cu) plays a crucial role in most biological processes in
human beings, for instance, nerve function, synthesis of hemoglobin,
and bone structure.® However, an elevated amount of copper untaken
into a human being may result in severe health issues such as anemia
and heart complications.” Consequently, the monitoring of copper
in different samples, especially water and pharmaceutical samples,
is essential to achieve a healthy life for humans. This scenario
mandates the development of a novel, efficient and simple method
to determine the copper level in the solution under study. Various
analytical methods have been proposed and validated in the literature
to quantify the copper in multiple environmental samples, including
AAS, ICP-OES, ICP-MS,® AAS coupled with Extractive!’ and
Electrochemical methods.'>!* Most of these methods are costly and in
most cases, require pre-concentration steps to improve selectivity and
sensitivity. Spectrophotometric methods are alternative cost-effective
and simple methods. Many colorimetric methods were used to
determine the quantity of Cu available in natural water and biological
and pharmaceutical samples by using different chelates such as BTAS,
2,4-dinitro APTPT, DDT and Salophen.!*2

However, most of the developed methods used have some
problems, such as a narrow pH range, the need for heating steps,
the effect of interference from common ions, and the time of color
development. So, there exists a mandate for the development of a
simple method that is highly sensitive and works in a wide range of pH
and concentration. Further, the method shouldn't involve any heating
or separation steps. Therefore, the current study deals with preparing
a new chromogenic reagent with a molecular structure suggested
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in Figure 1. This compound was synthesized and characterized for
its spectroscopic properties. The new compound forms an intensely
colored complex with copper (II) ions in aqueous solutions. It is also
utilized in the development of a convenient analytical method to
quantify the level of Cu in water and the rest of the pharmaceutical
samples. The proposed method was validated and tested for Cu(II)
assay in water and tablet samples successfully.

MATERIALS and METHODS
Instruments and apparatus

The pH meter (model 8521, Hanna, NY, USA) was used in this
study to record the pH measurements. The author used CARY
100 BIO UV-VIS spectrophotometer (CA, USA) with 1-cm glass
cells to arrive at the absorption outcomes. KBr disc was utilized
to measure the Infrared (IR) spectra; Shimadzu IR Affinity FTIR
spectrophotometer (Tokyo, Japan). The NMR, spectra of two
components i.e., 'H and *C NMR were determined with the help
of (Model Avance DPX-500 spectrometer, Bruker, USA). Further,
HRMS (High-Resolution Mass Spectra) was acquired using a Mass
Spectrometer (Model APEX-IV, Bruker, USA), while the chemical
shifts are portrayed in terms of (ppm).

OH HO

Figure 1: Molecular structure of H,L
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Reagents and solutions

The author used analytical-grade chemicals with high purity.
Isopthalaldehyde and 2-aminophenol were purchased from (Sigma,
MO, USA), dihydrated copper chloride was obtained from (Across,
Belgium), Absolute Ethanol and Acetonitrile used were from (BDH,
London, UK).

A solution of the chelate (H,L) 200 ug mL! was prepared using
Acetonitrile., a stock solution of 500 pg mL™' CuCl,, then several
dilutions were prepared in double distilled water as required.

A Buffer solution (Acetic acid/sodium acetate) of 0.1 M was
prepared, and pH values were adjusted as needed.

Synthesis of ligand

Synthesis of ligand (H,L): The hot 1,3-phthalaldehyde (10 mmol) 50 mL
of ethanol solution, was added gradually to 2-aminophenol (20 mmoL)
in 50 mL ethanol. The blended mixture was left undisturbed under
reflex for about four hours. Then, the solvent was allowed to evaporate
until the separation of a yellow precipitate. Then, the solid produced was
filtered, dried and made to undergo crystallization again with the help
of ethanol. The resultant yellow product has a percentage yield of 78%.

Calibration procedure

A 10-mL graduated centrifuge glass tube was taken into which two
solutions were added, i.e., 5.0 x 10~* M H,IF in acetonitrile and acetate
buffer (pH4.8), each 1.0 mL. Then, 1.0 mL of different concentrations of
aqueous copper chloride solution was added. Afterwards, the dilution
of the mixture up to 5.0 mL was performed using acetonitrile. The
combination was vortex stirred for about ten minutes at a temperature
of 25 °C. In the end, the glass cuvettes were used to determine the
absorbance values at 440 nm.

Application procedures
Analysis of water samples

The method proposed in this study was validated for Cu(II) ions
analysis in tap water (Amman city) and river water (Zarka River).
Standard copper solution (5.0 and 10 pg mL!) as a final concentration
was spiked into real water samples obtained from tap water selected
from different locations in Amman city-Jordan and the percent
recoveries were determined.

Each water sample of 1000 mL volume was filtered (with Whatman
No. 40) filter papers, then the samples were dried using a blend
containing 2.0 mL of concentrated H,SO, and 5.0 mL of conc. HNO;.
Once the solution is cooled down, another 5.0 mL of nitric acid was
added to the solution and then heated again. As soon as the solution
became clear, neutralization of the solution was performed using
dilute NH,OH. Afterwards, the solution was filtered and shifted to a
flask with a suitable volume. Then, it was diluted to the mark using
deionized water.?! After that certain aliquots of the solution were
transferred and determined according to the calibration procedure.

Analysis of pharmaceutical samples

The author procured the commercial-scale pharmaceutical samples
from the local markets, Amman-Jordan. From every preparation, 10
capsules were measured for their weight accurately. After grinding
the capsule contents as a fine powder, it is dissolved in the mixture
discussed earlier HNO;/H,SO, (10:1) (50 mL:5 mL). Then, the solution
was gently heated until is charred on the hot plate. Concentrated nitric
acid is added to the solution in a drop-wise fashion and the solution
is boiled until it turns out to be a colorless liquid. Then, the solution
is added to water (5.0 mL) and evaporated to white fumes. Then,
0.1 M perchloric acid was added (5.0 mL) and diluted to an appropriate
volume using the distilled water so as to get an absorbance value within
the calibration linear range.

RESULTS and DISCUSSION

The synthesized Schiffbase 2-((1))-2{2-[(1)-aza-3-2(2-hydroxyphenyl)
vinyl]phenyl}-1-azavinyl)phenol) was prepared from the reaction of
corresponding amine and dialdehyde (H,L).

Characterization of ligand (H,L): The percentage yield was 78%,

melting point was 136 °C, elemental analysis was: 75%, H 5.1%, O

10.1%, N 8.8%.

o Infrared: The peaks that were detected were as follow: 3335 v
Asy(OH) : 3029 v ar(CH); 1615- 1575 v (C=N); 1553 v (C=C) cm-1
as shown in Figure 2.

o (IH-NMR) using (500 MHz, ppm, CDCI3) were: 8.8(s, 2H, OH),
8.10 (m, 2H, imine), (6.9-8.1) 12H, aromatic protons, as shown in
Figure 3.

Figure 4 shows the UV spectra of Schiff base as well as the copper

complex. Using ethanol as a solvent, two broad spectra were considered

with maximum peaks in the range of ~360 and ~440 nm as a result of
different transitions such as (n-n*) and (n-m*) correspondingly. In
addition to these, the absorption spectra of the Cu-H,L complex show
the appearance of a shifted peak to a longer wavelength at 440 nm.

This infers the role played by azomethine group in the formation of

metal complex.?

There was a sharp peak found at 1620 cm™! in the infrared spectra
of the H,L Schiff base due to the presence of the azomethine v(C=N)
stretching vibration. Other IR peaks found at 3050, 1240 and 1455 cm™
are attributed to v(OH), v(C-O) and §(OH) respectively.

Mass Spectrometry (MS: ESI-MS (m/z, positive mode)): 317 (H,L-H*,

64%); 318 (H,L-H,", 36%).

Based on the reaction between the (H,L) ligand and Cu (II) ions, a
colored and stable complex is produced at room temperature. Figure
4 shows the absorption spectra of the ligand as well as the proposed
complex. To conduct further analysis, the highest wavelength of the
complex, i.e., 440 nm, was selected. All the variables that affect the
sensitivity of the presented process were analyzed for the purpose of
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Figure 2: IR spectra of the synthesized ligand
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Figure 4: The absorption spectrum of H,L (yellow) and H,L- Cu (II), (blue)
in ethanol

enhancing the absorbance and stability of the colored complex. These
factors were studied using the univariate method as follows:

Effects of variables
Effect of the amount of the chelate

Different volumes of ligand (H,L) were added to a constant amount of
Cu(II) ions (10.0 ug mL?) following the same procedure mentioned
above, it was found that the maximum absorption of the colored
product was obtained using 1.0 mL of ligand, and then this value was
used as the optimum volume.

Effect of pH

The role of pH in impacting the stability of the complex produced is
huge. So, it was studied using acetate buffer and adjusted with HCl/
NaOH solutions. The optimum pH was examined using different pH
values of 0.1 M acetate buffer (3.5-7.5), as portrayed in Figure 5. The
peak absorbance rate of the complex has obtained a pH of 5. The data
was reproducible and reliable.

Effects of time and temperature

The absorbance of the copper complex was monitored with time at
25 °C, it was found that the absorbance became stable after about
5 minutes, as shown in Figure 6.

Stoichiometry of the copper complex

The continuous variation method was leveraged in this study to
analyze the stoichiometry of the complex, in solution. The method is
based on mixing different volumes of both metal and ligand solutions
of 1.0 x 10™* M at the optimized pH value, until the color of the
solutions had developed. the absorbance values of the solutions were
measured at 440 nm. The results obtained are shown in Figure 7. This
reveals that, (1:1) stable complex is most likely formed between the
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Figure 5: pH impact upon the complex’s absorbance measured at 440 nm
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Figure 6: Time-scan of H,L- Cu(II), in ethanol at 25 °C

Cu(II) ions ion and the chelate. The high molar absorptivity suggests
charge transfer donation from Cu(II) ions to ligand.

Optimized structure

The optimized stable structure of the proposed chelate was investigated
using Gaussian software?? as shown in Figure 8. The overall geometric
optimization calculations were scanned with the help of Gaussian 6.0
software in line with the Density Functional Theory (DFT), with Lee-
YangParr correlation functional (B3LYP) and 6-31G (d, p).2>*

This result confirmed the formation of 1:1 copper-chelate
stoichiometric ratio.®

Calibration results

Based on applying optimization conditions, the calibration curve
was obtained to quantify the copper (II). Here, Beer-Lamberts law
was implemented along with the varying concentrations of Cu(II)
ions. The obtained linear regression equation and the correlation
coefficient were determined. The apparent molar absorptivity (¢) was
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Figure 7: Continuous variation mole ratio of (H,L- Cu(II), in ethanol at 25 °C

Figure 8: Optimized structure of (H,L) in ethanol at 25 °C
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2.59 x 10*L mol-'cm~. LOD (detection limit) was calculated using the
formula (3Sa/b) whereas LOQ (quantification limit) was determined
using (10Sa/b). Here, Sa corresponds to the SD of the response,
whereas b denotes the slope of the calibration curve. The results are
shown in Table 1.

Effect of different ions

The effects of different foreign ions such as Na*, K*, Ca*> Mg*? CI-,
NO;, Br ions, were studied on the determination of a 5.0 pgmL™!
Cu(II). the method of evaluating the interferences was based on the
variation of the absorbance values more than 5%, it was found that the
Na*, K, Ca*? Mg*2 Cl, NO5™, Br~ have no interfering effect more than
500 fold excess, other ions such as Zn, Fe Ag Mn show interferences
around 100 fold excess. This effect of some transition metals may be
minimized using some masking agents aiming at different interfering
ions. It is clear that the interfering ions can be potentially found in
environmental samples with tolerance ratio ranging from 100 to 500,
therefore, it can be concluded that the developed method is fairly
selective.

Applications to real water and pharmaceutical samples

In order to validate the effectiveness of the method presented in this
study, the amount of Cu(II) ions was quantified in two types of water
samples (tap water and river water) and three different pharmaceutical
vitamins. The results in Table 2 show that the spiked concentrations of
Cu(II) ions (5.0 and 10.0 ug mL"') were quantitatively recovered using
five replicates. The method was also applied for determination of Cu(II)
ions values certified by the pharmaceutical vitamin manufacturers with
different claimed levels (2.0, 3.0, and 6.0 mg). The relative standard
deviation (RSD) was calculated by dividing the standard deviation of
five measurements by the standard concentration of Cu(II) ions in real
samples. RSD values of the Cu(II) ions were ranged less than 5% across
the samples used, which explains why the method is quit precise. A
relative error in the recovery studies was less than 5% which indicates
that the applied method is quite accurate for the selected samples.?

CONCLUSION

In current research work, the author developed a novel, simple yet
selective method to determine the Cu(II) through spectrophotometry
using a novel ligand (H,L) chromogenic reagent. The complex formed

Table 1: Calibration curve results of the proposed method

S.no Parameter Results

1. Linear range 0.80-22.0 uyg mL™!

2. Regression equation y =0.0683x + 0.06

3. Correlation coefficient R*=10.9907

4. Limit of detection 0.293

5. Limit of quantitation 0.970

6. Molar absorptivity 2.59 x 10* m*mol™!
7. Precision, RSD (n = 5)/% 0.75 pg mL™!

Table 2: Analytical results of water and pharmaceutical samples

S.no Sample (Addefll Claimed Eound » Recoovery
pgmL™)  (mg) (ugmL™)=RSD*(%) (%)

1. Tap water 5.0 4923 98

2 River water 10.0 9.7+4.2 97

3 Swanson copper 2.0 1.9+3.6 95

4. Trace minerals 3.0 2.8+33 93

5 Horbaach 6.0 51+44 95

*Relative standard deviation (number of measurements, n=5)

has an intense color at room temperature without heating steps, which
enables the determination of Cu(II) ions with low interference with
other competing alkali metals, alkaline earths and transition metal
ions. Moreover, the experimental findings open the door for future
development of flow injection analysis and microextraction methods
based on the new chromogenic reagent.
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