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Abstract:

Optical chemical sensors are promising tools for identifying metal ions in a wide variety of samples. Among
metal ions, copper (I1) has drawn substantial attention due to its toxic properties and its extensive use in
numerous industrial processes. In this study, glycine was investigated as a recognition ligand for the optical
detection of Cu(ll) in aqueous solution. In the Cu (11)-Glycine system, a maximum absorption was observed at
641 nm. The influence of pH on the optical response was examined across a pH range of 2—14. Optical sensing
showed excellent linearity between absorbance and the Cu (I1) concentration, with correlation coefficients (R2)
of 0.9975, along with Cu (I1) limits of detection (LOD) of 1 x10-4 mol dm-3. The sensor system also exhibited
outstanding photostability (RSD 0.02 %) and reproducibility under continuous illumination, with negligible
interference from common metal ions. Validation with spiked lake water samples confirmed the reliability of the
proposed ligand as selective, reproducible, and practical optical sensors for detecting Cu(ll) in environmental
analyses.
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Introduction

Heavy metal ions represent significant environmental pollutants that may enter soil, water, and air via natural
processes and anthropogenic activities 1. Heavy metals are metallic elements characterized by high relative
densities (typically >5 g/cm3) and considerable atomic masses 2. Assessing heavy metals in aquatic
environments is of great interest because of their dangerous effects on the ecosystem and on human health,
which depend on the dose and toxicity 3.Although they may occur in biotic environments at trace levels, their
presence can still produce pronounced toxicity. Among the most harmful heavy metals are mercury (Hg),
cadmium (Cd), arsenic (As), chromium (Cr), thallium (TI), and lead (Pb), since their detrimental effects can
arise even at very low concentrations. In contrast, less toxic heavy metals such as iron (Fe), copper (Cu), zinc
(Zn), cobalt (Co), and manganese (Mn)—which are essential for human physiology and are widely used in
various enzymatic processes—are likely to create serious health risks only when their concentrations exceed
established thresholds #. Regulatory bodies including the World Health Organisation (WHO) and the European
Union’s Water Framework Directive (EU WFD) recommend a maximum allowable copper concentration of 2
mg/L in drinking water, whereas the U.S. Environmental Protection Agency (EPA) sets a secondary maximum
contaminant level of 1.3 mg/L, °. optical sensors with excellent selectivity and sensitivity have been developed
to detect copper (I1) ions. The proposed sensor is designed to quantify the luminescence generated by changes in
the refractive index that result from interactions between light and materials 6. Optical sensors, commonly
referred to as opt(r)odes, constitute a category of chemical sensors in which electromagnetic (EM) radiation is
employed to generate the analytical signal through a transduction mechanism. The interaction between the
radiation and the sample is evaluated by the change in a specific optical parameter, which is related to the
analyte concentration (Blum, 1997). Typically, an optical sensor comprises a chemical recognition element a
sensing component or receptor integrated with a transduction mechanism (Figure 1) 7.

Amino acids possess functional groups with the capacity to interact with divalent metal ions, a factor that plays
an important role in promoting and sustaining their functionalities &° .Copper (Cu(ll)) is an essential trace
element for humans and participates in many enzymatic reactions that are necessary for vital metabolic
pathways and physiological functions °. Copper (Cu(ll)) is the third most abundant ion among heavy metals
and occurs across a variety of matrices, including water, rock, and soil sediments. It is an essential element not
only for humans but also for virtually all living organisms . Disrupted copper homeostasis has similarly been
linked to several neurodegenerative disorders, including Wilson’s disease, Alzheimer’s disease, Parkinson’s
disease, and Menkes disease *2 . Glycine is the smallest proteinogenic amino acid and is classified as a non-
essential amino acid. It contains an amino group and a carboxyl group and supports important functions in
protein synthesis and multiple metabolic pathways. It includes a carbon atom bonded to two hydrogen atoms, an
amino group, and a carboxyl group. It was first proposed as a neurotransmitter in the mammalian spinal cord in
1965. Glycine can be readily synthesized by the enzyme serine hydroxymethyl transferase from Serine can also
be produced endogenously *3 . Under typical conditions, the concentration of glycine in human serum lies
between 200-400 uM 4 . Glycine functions as an essential substrate for the synthesis of several biologically
important biomolecules and compounds, including glucose, creatinine, porphyrin, and purine nucleotides, as
well as neurotransmitters. It is also a component of bile acids and glycocholic acid. It contributes to the
formation of proteins, the tripeptide glutathione, and detoxification reactions ° . Glycine is a non-essential
amino acid synthesized by animals, microorganisms, and plants. Glycine is also of critical importance for the
synthesis of macromolecules such as hemoglobin and myoglobin. Schematic overview of glycine metabolism.
Glycine may be formed from serine through serine hydroxymethyl transferase, or from ammonia, carbon
dioxide, and tetrahydrofolate. The last step is catalysed by glycine synthetase, which is part of the glycine
cleavage system in the liver. Alternatively, glycine can be acquired from the diet. THF: tetrahydrofolate;
MTHF: methylene tetrahydrofolate (Figure 2) ¢ . In general, glycine is generated from choline, serine,
hydroxyproline, and threonine through interorgan metabolism, with the kidneys and liver serving as the main
organs involved. Glycine has essential functions in the metabolism and nutrition of many mammals and
humans®” . A variety of analytical methods have been established to detect metal ions, including anodic
stripping voltammetry, electrochemical analysis, atomic absorption spectrometry (AAS), fluorescence sensing,
inductively coupled plasma atomic emission spectrometry (ICP-AES), cold vapour atomic absorption
spectroscopy, and inductively coupled plasma mass spectrometry (ICP-MS). Although these techniques provide
high sensitivity and accuracy, their routine application is often limited by high instrumentation costs and
operational complexity. In contrast, spectrophotometric methods remain widely preferred for the analysis of
aqueous metal ions because they are simple, economical, and easy to operate 8, The primary aim of this study
was to examine Glycine as a recognition ligand for the optical detection of Cu (Il) in aqueous solution. The
research focuses on designing and fabricating novel optical chemosensors with high sensitivity, optimized for
the selective detection of Cu (l1) ions.
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Material and methods

All chemicals and reagents used in this study were of analytical grade and were employed without any further
purification. Glycine was obtained from Sigma-Aldrich. The remaining chemicals were also purchased from
Sigma and used without additional purification. Stock solutions of the metal ions were prepared from analytical-
grade reagents, and their concentrations were verified using titrimetric methods.*.
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Figure 1 Schematic representation of the composition and function of an optical chemical sensor.

Measurements

The electronic spectra of the Cu (lI) complexes were obtained using a The SPECORD R 210 PLUS
spectrophotometer (Analytik Jena, Germany), which was set to measure over the wavelength range from 200 to
800 nm. All solutions were prepared freshly, with deionized water used for the metal and the ligand. The
concentrations of both the ligand and the metal were held at 0.01 M. Measurements were carried out in agueous
media across the pH range of 2.00 to 12.1, using 10 mm pathlength cuvettes in the wavelength regions of 250 to
800 nm. An uncoordinated ligand was used as the blank reference 2.

Cu(Il) Optimisation Reaction of the Sensors

To assess the complexation behavior of the Cu (II) complexes and the optimal sensing conditions, their UV—
visible absorption spectra were measured in aqueous solution. Spectrophotometric monitoring of the complex
formation between Cu (Il) and the synthesized ligand Glycine was performed at room temperature. Under
constant ionic strength, ligand solutions were titrated with different amounts of Cu (1) ions, and the absorption
spectra were recorded after each addition. To determine the optimal detection wavelength for each ligand, the
wavelength corresponding to the maximum absorbance (Amax) Was calculated. To establish the optimal pH for
complex formation, the effect of pH on absorption intensity was evaluated over a pH range of 2 to 14. All
measurements were carried out at 25 °C after adjusting the pH using diluted HCI and NaOH solutions. The
stoichiometric ratio of Cu (II) to ligand in the complex for each ligand was determined using Job’s method of
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continuous variation. While maintaining a constant total molar concentration, the mole fraction of Cu (Il) was
systematically varied. By plotting the absorbance values against the mole fraction of Cu (II), the complex’s
stoichiometry was determined at the maximum of the curve. To assess the sensor’s selectivity, the effects of
potentially interfering ions such as Ca (II), Cd (1), Co (I1), and Ni (I1) on Cu (II) complexation were examined
as well using a fixed Cu (Il) concentration. The response time and stability of the sensing process were

evaluated by monitoring the time dependent absorbance changes that occurred after the addition of Cu (11).
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Figure 2 Overview of Glycine biosynthesis and degradation pathways.

Results and discussion

The occurrence of the electronic absorption transition in the compounds is indicated by the emergence of

absorption peaks for glycine, Cu (Il), and the Cu (Il)-glycine complex in 0.01 M deionized water. The

wavelength range of this absorption spectrum spans 200—-800 nm. The UV-vis spectra of glycine, Cu (Il), and

the Cu (11)-Glycine complex display three bands. The formation of the complex is further supported by the

amino acid UV-vis spectra (Figure 3), which present ligand absorption spectra of similar character that are

shifted to lower wavelengths, along with an increase in intensity or the appearance of new peaks attributable to
the d—d transition.
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Figure 3 UV-Vis absorption spectra of Glycine solution 0.01M, Cu (I1) solution 0.01M, and Cu (II) with
Glycine, phosphate buffer pH 10.08, with a Amax 0f 641 nm.
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The effect of pH has been investigated across a range from 2 to 14, using a 0.25 M sodium hydroxide solution.
In the acidic pH region, the absorption values of Glycine were minimal, as illustrated in (Figure 4), and no
absorption peak was observed . Upon increasing the pH, the absorption values exhibited a gradual rise,
culminating in the highest absorption value of 0.2174 at pH 12.08. The maximum absorption intensity was
observed at a wavelength of 641 nm, with absorbance values varying at this wavelength across different pH

levels 22,
0.25
0.2
0.15

0.1

0.05

Figure 4 The effect of working pH on the absorbance of Glycine upon reaction with 0.01 M Cu (Il) solution.

By recording absorbance at a fixed wavelength of 641 nm, the influence of glycine concentration on the
formation of the Cu (11)-Glycine complex was meticulously investigated. As illustrated in ( Figure 5), the
optimal absorbance for the Cu (Il)-Glycine complex demonstrated a proportional increase with glycine
concentrations, within the range of 1 x 10 M to 0.2 M. Preliminary studies indicated a significant enhancement
in the absorbance signal alongside increasing concentrations; however, this reaction gradually stabilised at
higher levels, achieving saturation at 0.08 M. An amplified signal was observed with the application of greater
concentrations of Glycine, facilitating more extensive interactions between Glycine ions and Cu (Il) in the
proximal phase. Ultimately, the absorbance signal reached a plateau as Cu (lI1) ions fully occupied the majority
of Glycine binding sites.
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Figure 5 The effect of Glycine concentration on the response of the Cu (I1)-Glycine complex when Cu (1)

concentration used was fixed at 0.01 M
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The detector was subjected to continuous exposure to the light source for a duration of six hours in order to
evaluate the photostability of the Glycine solution, as reported in recent research conducted by Rashd et al. The
results pertaining to photostability were deemed satisfactory, yielding a relative standard deviation (RSD) value
of 1.06% 22 . The reaction conditions were optimised for laboratory temperature and light exposure. As
illustrated in ( Figure 6), a relative standard deviation (RSD) of 0.02% was recorded at a Glycine concentration
of 0.08 M. This observation indicates that the detector phase within the solution remained stable and was not

adversely affected by light exposure..
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Figure 6 The photostability of the Glycine with concentration of 0.08 M against Time.

Seven measurements of the solution response were obtained through an experimental procedure involving
various samples with differing concentrations of Cu (ll) and Glycine at 0.01 M and 0.08 M, respectively, to
conduct a repeatability study (Figure 7). This process resulted in a relative standard deviation (RSD) value of
0.07%. Furthermore, the optical pH sensor, characterised by a film thickness of 300 nm, facilitated a wide
linear dynamic range for solution pH (5.02-8.54), demonstrated excellent repeatability with a minimal (RSD)
below 1.5% over 20 consecutive cycles, and exhibited reversibility, with an RSD below 1.5% across the same

number of cycles, as reported by Wenying Shi et al 2.
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Figure 7 The reproducibility of the reagent Glycine 0.08 M Cu (lI) analyte.
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The graphical representation in (Figure 8(a) elucidates the response characteristics of the sensor. The figure
demonstrates that the signal generated by the spectrophotometer increases significantly with rising
concentrations of Cu (I1). In the initial experiment, an increase in Cu (I1) concentration resulted in the response
stabilising and ultimately reaching saturation at 0.18 M Cu (lI). Elevated Cu (Il) concentrations facilitated
stronger interactions between the reagent and analyte particles in the adjacent phase, thereby producing a more
intense signal. Throughout these investigations, the concentration of Glycine was maintained at 0.08 M , while
the Cu (Il) concentration varied from 1 x 10* M to 0.26 M. The graphical representation indicates a linear
relationship between Cu (I1) concentration and absorption across the concentration range from 1 x 10 M to

0.08 M. (Figure 8(b) illustrates a linear correlation (R? = 0.997) between the relative absorbances.

Previous studies have documented the development of a multiparametric optical sensor employing a porous thin
film composed of a chitosan-silica nanocomposite (CSNC), which facilitates efficient glucose detection at
pathological concentrations?*. The resulting sensor demonstrated exceptional sensitivity, selectivity, and
reproducibility, achieving a limit of detection (LOD) of 0.76 mM. Furthermore, it sustained consistent
performance across a broad dynamic range of 3—-30 mM and was capable of quantifying glucose concentrations
both below and above the physiological threshold of 17 Mm.
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Figure 8 The response curve of the Glycine at different concentrations of Cu(ll) (a) and is the linear dynamic

range of the Cu(ll) concentration (b).

This study systematically examined the possible interference caused by different ions in the determination of Cu
(1. (Figure 9) shows the magnitude of interference observed for several foreign ions—specifically Cd (I1), Co
(11), Ni (I1), and Ca (I1)—using a molar ratio of 1:1 for Cu (1) to each foreign ion. Even so, the value obtained
for Ca(ll) was markedly lower. When these results are compared with those reported for Cu(ll), it becomes clear

that these foreign ions do not interfere with the detection of Cu (I1).
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Figure 9. The degree of interference of the Glycine at 1:1 molar ratio of Cu (l1): foreign ion.

Furthermore, an experiment was conducted employing the sensor developed in this study to measure the
concentration of Cu (I1) in lake water samples, aimed at validating the device's performance, particularly in the
analysis of real samples. The sensor's readings were evaluated against the established flame Atomic Absorption

Spectroscopy (AAS) method, demonstrating concordance with the standard procedure.

Table 1: Determination of Cu(ll) using the standard flame AAS method and the optical Cu(ll) sensor based on

Glycine.
-~ Standard Cu(ll) solution Cu(ll) determined by flame Cu (I1) determined by optical
' (ppm) AAS (ppm) sensor (ppm)
Real Sample
1 0.118M 0.02M
Glycine
Conclusion

In this study, a mixed amine/carboxylic-based ligand, glycine, was successfully assessed as an optical chemical
sensor for the detection of Cu (Il) ions. After complexation, the systems produced distinct spectral responses,
characterized by strong absorption bands in the visible region and excellent linear correlations between
absorbance and the Cu (Il) concentration. The sensors displayed low detection limits (LOD 1*104), high
reproducibility, and outstanding photostability, thereby supporting their analytical reliability. Comparative
analysis indicates that the derivative yields slightly higher sensitivity and lower detection limits, while also
providing improved photostability and enhanced operational robustness. The sensors exhibit favorable
photostability and reproducibility, with low relative standard deviation values of 0.02% and 0.07%, respectively.
Selectivity experiments confirmed negligible interference from competing metal ions, and validation with real
samples demonstrated excellent recovery values (0.02M) for lake water specimens, in agreement with the results
obtained by flame AAS. Overall, amino-acid derivatives show strong promise as optical Cu (I1) sensors, With
practical value for environmental monitoring and analytical chemistry, their stability, selectivity, and
reproducibility make them promising candidates for the development of portable, field-deployable optical
sensing devices.

Acknowledgements

This work is based on the research supported partly by the National Research the Faculty of Science, University
of Benghazi, Prof. Hussein B. Jenjan And the Dean of the Faculty of Arts and Sciences in Al-Abyar, Dr. Nasser
Al-Amrouni. , for providing the necessary resources and encouragement that made this work possible.

401 | AJAPAS: Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



Compliance with ethical standards
Disclosure of conflict of interest

The authors declare that they have no conflict of interest.

References

1 S. Rajoria, M. Vashishtha and V. K. Sangal, 2023, 1-6.

2 I. Union, O. F. Pure, A. Chemistry, H. H. Division, C. C. Section, C. O. N. Toxicology and J. H. Duffus,
2002, 74, 793-807.

3 M. A. Chamjangali, S. Soltanpanah and N. Goudarzi, Sensors Actuators, B Chem., 2009, 138, 251-256.

4 S. Mukherjee, S. Bhattacharyya, K. Ghosh, S. Pal, A. Halder, M. Naseri, M. Mohammadniaei, S. Sarkar,
A. Ghosh, Y. Sun and N. Bhattacharyya, Trends Food Sci. Technol., 2021, 109, 674-689.

5 F. J. M. Gongalves, B. Branco, J. Isabel and J. Luisa, DOI:10.1016/j.ecolind.2020.107030.

6 L. M. Aroua, R. Ali, A. E. A. E. Albadri, S. Messaoudi, F. M. Alminderej and S. M. Saleh, Biosensors,
DOI:10.3390/bios13030359.

7 A. Lobnik, M. Turel and S. K. Urek, .

8 D. Singh, R. Kumar, R. Kumar, B. Kumar, V. Shankar and V. Krishna, 2014, 4, 233-241.

9 D. Singh, H. Chandra and V. Krishna, Sep. Sci. Technol., 2015, 50, 437—445.

10 Y. Zhang, X. Cao, G. Wu, J. Wang and T. Zhang, Appl. Surf. Sci., 2020, 527, 146803.

11 S. M. Hossain, V. Prakash, P. Mamidi, S. Chattopadhyay and A. K. Singh, RSC Adv., 2020, 10, 3646—
3658.

12 F. M. Elmagbari, A. N. Hammouda, R. M. El-ferjani, A. O. Abouligheeb, W. A. Abdulgader, A. Y.
Ateeyah, Y. O. Ben, G. E. Jackson, R. P. Bonomo and Y. Younis, Chem. Inorg. Mater., 2025, 7,
100130.

13 E.R. A, 2007, 535-544.

14 P. Schemmer, B. U. Bradford, M. L. Rose, H. Bunzendahl, J. A. Raleigh, J. J. Lemasters, R. G.
Thurman, N. Carolina, C. Hill, N. Carolina, B. U. Bradford, L. Michelle, H. Bunzendahl, J. A. Raleigh,
J. John and R. G. Thurman, .

15 I. Pérez-torres, A. M. Zlfiga-mufioz and V. G. Lans, DOI:10.2174/13895575166661606090816.

16 N. Defence, 2005, 1108-1116.

17 M. A. Razak, P. S. Begum, B. Viswanath and S. Rajagopal, DOI:10.1155/2017/1716701.

18 N. Tomer, A. Goel, V. D. Ghule and R. Malhotra, J. Mol. Struct., 2021, 1227, 129549.

19 148 Morgan, E. (1990) Vogel’s Textbook of Practical Organic Chemistry. 5th Edition, Endeavour, 14,
DOl:doi.org/10.1016/0160-9327(90)90017.

20 R. Saleh, F. M. Elmagbari, R. M. El-ferjani, A. N. Hammouda and O. Ayah, 2026, 4, 69-76.

21 F. M. Elmagbari, A. N. Hammouda, G. E. Jackson and R. P. Bonomo, Inorganica Chim. Acta,
DOI:10.1016/j.ica.2019.119132.

22 R. M. El-Ferjani, F. M. Elmagbari, A. N. Hammouda and Y. O. Ben Amer, IOSR J. Appl. Chem. (IOSR-
JAC, 2019, 12, 49-53.

23 W. Shi, S. He, M. Wei, D. G. Evans and X. Duan, Adv. Funct. Mater., 2010, 20, 3856-3863.

24 D. Basu, S. M. Hossain and J. Das, Appl. Phys. A Mater. Sci. Process., 2022, 128, 1-12.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of AJAPAS and/or the editor(s). AJAPAS and/or the
editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods,
instructions, or products referred to in the content.

402 | AJAPAS: Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



