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Abstract

Recently, fluorescent sensors have attracted considerable attention in their
sensitive and selective determination of heavy metal ions in the aqueous acidic
medium due to their advantages such as low cost and easy handling. In this
study, the bathocuproine (BCP) compound was used as a fluorescent chemo-
sensor. The selectivity and sensitivity of BCP have been investigated against
some metal ions of biological and environmental importance. The results ob-
tained from the ultraviolet-visible region (UV-vis.) and the fluorescence spec-
troscopy experiments revealed that the BCP sensor showed selectivity and sensi-
tivity only to Manganese (II) ions in the experimental conditions studied. In ad-
dition, the binding stoichiometry of BCP and Mn®* was determined to be 1:1
by the Benesi-Hildebrand method.
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1. Introduction

Thanks to rapid developments in modern industry and agriculture, pollution
from heavy metals and transition metals has become very important. Therefore,
these heavy metals [1] and transition metals [2] must be traced and determined.
Manganese is an element that is abundant in our environment and in foods. The
average amount of manganese our body should take daily is 5 mg/kg [3] [4] [5].
It is included as a structural component in a variety of enzymes and in photo-
synthetic devices [6] [7]. High levels of manganese cause disorders in the central
nervous system [8]. Therefore, there is a need to develop methods that can selec-

tively separate manganese from other metals. Although it has different oxidation
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numbers in nature, the Mn®* structure is very stable in environmental samples.
Therefore, although there are manganese ions with different oxidation numbers,
it is even more important to develop a high precision and accuracy method, es-
pecially for the determination of Mn?* ions [9].

Many techniques have been used in the determination of different heavy met-
als until today. Unfortunately, these techniques involve very time-consuming,
expensive, and complicated sample preparation processes. As an alternative to
these techniques, a variety of studies involving chemosensors have been reported
[10]-[15]. Fluorescence chemosensors have been widely used for the determina-
tion of metals due to their many advantages, such as high sensitivity, rapid re-
sponse, and easy preparation [16] [17]. Despite those advantages, chemosensors
for manganese detections are very rare [18] [19] [20]. Therefore, it is still a great
challenge to develop a highly selective and sensitive sensor for the recognition of
Mn*" ions.

In this study, bathocuproine (BCP) was used as a chemosensor. For the first
time in the literature, the BCP compound was used as a chemosensor for Mn
determination. By using its UV-vis. absorption and fluorescence spectroscopy,
selectivity, and sensitivity studies of some of the selected metal ions of the bio-
logical, chemical, and environmental importance of the sensor in question were
conducted. According to the results obtained from these studies, this sensor was
found to show fast response, high sensitivity, and selectivity to Manganese (II).
The work was conducted with acetate buffer at pH 3. In addition, the binding
stoichiometry between the molecule and Manganese (II) was investigated and it
was shown to be 1:1 (Mn?*/BCP). The obtained results showed that BCP can be
used for the selective determination of Manganese (II) ions in an aqueous acidic

medium.

2. Experimental

2.1. Chemicals and Solutions

Solvents and reagents used in this study were purchased from commercial com-
panies and used as-is without any purification. Bi-distilled pure water was used
throughout all experiments. Metal salts, in Co**, Cu*, Ni**, Zn**, Fe’*, Ca**, and
Mn** chlorides were obtained from Merck along with BCP and dimethyl sulfox-
ide (DMSO) solvent. Acetate buffer was obtained from Sigma Aldrich.

2.2. General Instrumentations

PG Instrument T70+ model spectrophotometer (UV-vis.) was used for the
measurement of absorption spectra. Fluorescence measurements were made us-
ing the Varian Agilent Cary Eclipse instrument which was performed in quartz
cells of 1 x 1 cm” size. Experimental measurements and studies were carried out
at room temperature. pH measurements were made with an “a pocket pH me-
ter” (Hanna Instruments Mauritius), calibrated with standard acetate buffer so-

lution.
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2.3. General Procedure for Spectral Experiments

Stock solutions of Mn>* and other metal salts were prepared in distilled pure
water. The stock solution of the chemosensor BCP was prepared at 1 mM con-
centration in dimethyl sulfoxide (DMSO) medium and then diluted to pM con-
centrations using DMSO/H,0O (v/v, 2:1) and 10 mM acetate buffer at pH 3. 1
mM stock solutions were prepared in deionized water using Co**, Cu®*, Ni**,
Zn**, Fe*, Ca**, and Mn** chloride salts. Solutions of DMSO/H,O (2:1, v/v) and
10 mM acetate buffer at pH 3 at 25°C were prepared for measurement of the ul-
traviolet-visible region and fluorescence spectra at pM level. Fluorescence spec-
tra were recorded at the excitation wavelength of 298 nm.

3. Results and Discussion
3.1. Effects of pH Values

The effect of pH values on the chemosensor BCP sensitive to Mn** was studied
by measuring the absorption sensitivity of the chemosensor BCP in the presence
of Mn*" jons. As seen in Figure 1, when pH values are lower than 4, the absor-
bance value of BCP/Mn*" is high at 298 nm, and if the pH range is between 4 and
10, the absorbance value of BCP is almost unchanged. Therefore, in this study, 3

were chosen as the optimum pH.

3.2. Response Time

Response time is an important reference for the sensitivity of BCP to Mn®*. The
changes in absorption values of BCP at 298 nm in the presence of Mn*" in a wide
time interval ranging from 0 to 60 minutes were examined. As seen in Figure 2,
it was observed that the absorption values did not change in this time interval.
Under these experimental conditions, BCP appears to give a rapid reaction to
Mn*". A schematic representation of the resulting complex is shown in Figure 3.
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Figure 1. Absorbance values recorded for BCP at varying pH values in the presence of
Mn*" jons.
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Figure 2. Time profile of BCP in the presence of Mn®" ions (pH = 3, acetate buffer at 298

nm).

Figure 3. Schematic representation of (BCP) MnClL,.

3.3. UV-Vis. Absorption and Fluorescence Spectral Response

The sensitivity and selectivity properties of chemosensor BCP for some biologi-
cally and environmentally important metal ions have been investigated in acetate
buffered medium (DMSO/H,O0, v/v, 2:1, at pH 3). Firstly, absorption spectra
were measured between 250 - 400 nm wavelengths using UV-vis. absorption
spectrophotometer (Figure 4).

As seen in Figure 4, a sharp peak of BCP appears at 298 nm. On the other
hand, when Co**, Cu**, Ni*, Zn*, Fe’*, Ca**, and Mn*'metal ions (1.0 Equiv.)
were added to the chemosensor BCP (50 uM) solution and the absorption spec-
tra were taken, no significant change was observed for the first six ions. An in-
crease in absorption spectrum was observed only when the Mn** (1.0 Equiv.) ion
was added to the solution medium where the sensor is located. According to
these experimental results, the chemosensor BCP has been found to show signif-
icant optical behavior change in terms of absorption only against Mn** ions.

Fluorescence spectroscopy measurements in the study were also conducted
within the same physical conditions. The excitation wavelength was selected to be
(Aexe = 298 nm) when taking the fluorescent spectrum. Emission peaks were rec-
orded between 350 nm and 500 nm.

As shown in Figure 5, the chemosensor BCP gave a fluorescence emission
band while it is in free form. Fluorescence intensity doubled when the Mn**
metal ion was added to the chemosensor BCP solution. In contrast, no signifi-
cant change in emissions was observed when other metal ions were added sepa-

rately to the BCP solution and fluorescence spectra were taken. Considering the
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Figure 4. The UV-vis. absorption spectra are given by the chemosensor BCP in free form
and after the addition of metal ions.
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Figure 5. Fluorescence spectra given by chemosensor BCP in free form and after adding

metal ions (A, = 298 nm).

results of fluorescence spectroscopy, the chemosensor BCP was found to show a
significant signal increase only against Mn®* ions among the tested metal ions.

Depending on the Mn** concentration, the change in absorption and emission
spectra was also examined. As seen in Figure 6(a), absorption spectra gradually
increased when Mn** ion (0 - 1.0 Equiv.) was added to the chemosensor BCP (50
uM), at different concentrations. Fluorescence spectra were taken concomitant-
ly, and they are shown in Figure 6(b). The findings showed that the chemosen-
sor BCP showed a proportional change depending on the Mn*" ion concentra-
tion.

On the other hand, 1/7 — [, versus 1/[Mn*"] plot was drawn and the plot in
Figure 7(a) was obtained using the Benesi-Hildebrand Equation (1).
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Figure 6. (a) Absorption spectra of the chemosensor BCP after adding Mn*" ion at several
concentrations, (b) Fluorescence spectra of the chemosensor BCP after adding Mn** ion

in different concentrations (A, = 298 nm).

Y1 =1y =11 =1, +1/(1, = 1,) K[ Mn*" ] (1)

Using the Benesi-Hildebrand Equation (1), the binding constant, Kb, was ob-
tained from Figure 7(a) to be 1.4 x 10* M™". The magnitude of this value indicates
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Figure 7. (a) The Benesi-Hildebrand plot (1/(Z - £) vs. 1/[Mn®']), (b) Graphical repre-
sentation of fluorescent emission intensities of BCP at 386 nm in response to added Mn?**
concentrations (I vs. [Mn?*]).

that the complex is solid. Using this value, Gibbs free energy was calculated as
AG" = -24 kj/mol [21] [22] [23]. The negative value of this value indicates that
the event developed spontaneously. Emission intensities at 386 nm are plotted
against the added Mn*" ion concentration to calculate the lower limit of deter-
mination. As seen in Figure 7(b), emission intensities increased linearly along

with concentration.

LOD =3c/m ()

where o is the standard deviation of the absorbance values of the blindly used
solution while m is the slope of the regression plot drawn by taking the emission
intensity versus concentration. 0.22 uM is the lower determination limit calcu-
lated in the aqueous medium for Mn?* using the determination limit Equation
(2) defined by IUPAC [24].

4. Conclusion

The results obtained in this study showed that chemosensor BCP responded sig-
nificantly in terms of absorbance and fluorescence only against Mn** ion among
some biologically and environmentally important metals that were selected to
test. The binding ratios between the chemosensor BCP and Mn*" ions are sug-
gested to be 1:1. The lower detection limit for the Mn** ion in the aqueous me-

dium using the receptor BCP was found to be 0.22 pM and the binding constant
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was found to be 1.4 x 10* M™". Thus, it has been shown that chemosensor BCP,
being easy to use, responding quickly, offering low cost, and not requiring so-
phisticated equipment and expert personnel, can be used in detecting and de-

termining the Mn®* ion in an aqueous acidic medium.

Acknowledgements

As the author of this study, I wish to thank the Scientific Research Coordination
Unit (BAP) (Project No: 2017/010 and FMP-2022-2934) of Kocaeli University.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-

per.

References

[1] Pathak, R.K,, Tabbasum, K., Rai, A., Panda, D. and Rao, C.P. (2012) Pyrophosphate
Sensing by a Fluorescent Zn** Bound Triazole Linked Imino-Thiophenyl Conjugate
of Calix[4]arene in HEPES Buffer Medium: Spectroscopy, Microscopy, and Cellular
Studies. Analytical Chemistry, 84, 5117-5123. https://doi.org/10.1021/ac301009h

[2] Zhou, J.R,, Liu, D.P,, He, Y., Kong, X.J., Zhang, Z.M., Ren, Y.P., Long, L.S., Huan,
R.B. and Zheng, L.S, (2014) A highly Selective Colorimetric Chemosensor for Co-
balt(II) Ions Based on a Tripodal Amide Ligand. Dalton Transactions, 43, 11579-11586.
https://doi.org/10.1039/C4DT00776]

[3] Hong, L., Xu, C, Oeal, S., Bi, H., Huang, M., Zheng, W. and Zeng, S. (2014) Roles of
P-Glycoprotein and Multidrug Resistance Protein in Transporting Para-Aminosalicylic
Acid and Its N-Acetylated Metabolite in Mice Brain. Acta Pharmacologica Sinica,
35, 1577-1585. https://doi.org/10.1038/aps.2014.103

[4] Takeda, A. (2003) Manganese Action in Brain Function. Brain Research Reviews,
41, 79-87. https://doi.org/10.1016/S0165-0173(02)00234-5

[5] Mutaftchiev, K.L. (2004) Manganese (II)-1,10-Phenanthroline-Azo Dye-Potassium
Periodate System for Kinetic Spectrophotometric Determination of Nanogram Le-
vels of Manganese. Analytical Letters, 37, 2869-2879.
https://doi.org/10.1081/AL-200032113

[6] Oszlanczi, G., Vezér, T., Sarkozi, L., Horvéth, E., Kénya, Z. and Papp, A. (2010)
Functional Neurotoxicity of Mn-Containing Nanoparticles in Rats. Ecotoxicology
and Environmental Safety, 73, 2004-2009.
https://doi.org/10.1016/j.ecoenv.2010.09.002

[7] Hayakawa, N., Asayama, S., Noda, Y., Shimizu, T. and Kawakami, H. (2012) Phar-
maceutical Effect of Manganese Porphyrins on Manganese Superoxide Dismutase
Deficient Mice. Molecular Pharmaceutics, 9, 2956-2959.
https://doi.org/10.1021/mp300147v

[8] Li,J., Gao, J., Xiong, W, Li, P., Zhang, H., Zhao, Y. and Zhang, Q. (2014) Pyridi-
nium-Fused Pyridinone: A Novel, “Turn-On” Fluorescent Chemodosimeter for Cya-
nide. Chemistry— An Asian Journal, 9, 121-125.
https://doi.org/10.1002/asia.201301144

[9] Liu, W, Jiang, J., Chen, C,, Tang, X., Shi, J., Zhang, P., Zhang, K., Li, Z., Dou, W.
and Yang, L. (2014) Water-Soluble Colorimetric and Ratiometric Fluorescent Probe

DOI: 10.4236/abc.2022.125014

168 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2022.125014
https://doi.org/10.1021/ac301009h
https://doi.org/10.1039/C4DT00776J
https://doi.org/10.1038/aps.2014.103
https://doi.org/10.1016/S0165-0173(02)00234-5
https://doi.org/10.1081/AL-200032113
https://doi.org/10.1016/j.ecoenv.2010.09.002
https://doi.org/10.1021/mp300147v
https://doi.org/10.1002/asia.201301144

A. Umit

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

for Selective Imaging of Palladium Species in Living Cells. Inorganic Chemistry, 53,
12590-12594. https://doi.org/10.1021/ic502223n

Lee, S.A., You, G.R., Choi, Y.W.,, Jo, H.Y., Kim, A.R., Noh, I., Kim, S.J., Kim, Y. and
Kim, C. (2014) A New Multifunctional Schiff Base as a Fluorescence Sensor for Al**
and a Colorimetric Sensor for CN™ in Aqueous Media: An Application to Bioimag-
ing. Dalton Transactions, 43, 6650-6659. https://doi.org/10.1039/C4DT00361F

You, G.R,, Park, G.J., Lee, S.A., Choi, Y.W., Kim, Y.S., Lee, ].J. and Kim, C. (2014) A
Single Chemosensor for Multiple Target Anions: The Simultaneous Detection of
CN~ and OAc™ in Aqueous Media. Sensors and Actuators B: Chemical, 202, 645-655.
https://doi.org/10.1016/j.snb.2014.05.124

Park, G.J., Jo, H.Y,, Ryu, K.Y. and Kim, C. (2014) A New Coumarin-Based Chro-
mogenic Chemosensor for the Detection of Dual Analytes AI* and F~. RSC Ad-
vances, 4, 63882-63890. https://doi.org/10.1039/C4RA11913D

Raju, V., Selva Kumar, R., Tharakeswar, Y. and Ashok Kuma, S.K. (2019) A Multi-
functional Shiff-Base as Chromogenic Chemosensor for Mn** and Fluorescent Chemo-

sensor for Zn?" in Semi-Aqueous Environment. /norganica Chimica Acta, 493, 49-56.
https://doi.org/10.1016/j.ica.2019.04.053

Normandin, L. and Hazell, A.S. (2002) Manganese Neurotoxicity: An Update of
Pathophysiologic Mechanisms. Metabolic Brain Disease, 17, 375-387.
https://doi.org/10.1023/A:1021970120965

Na, Y.J., Park, G.J.,, Jo, H.Y., Lee, S.A. and Kim, C. (2014) A Colorimetric Chemo-
sensor Based on a Schiff Base for Highly Selective Sensing of Cyanide in Aqueous
Solution: The Influence of Solvents. New Journal of Chemistry, 38, 5769-5776.
https://doi.org/10.1039/C4NJ01199F

Xiang, D., Zhang, W., Dong, Z., Chen, W., Wang, J., Xu, H. and Lu, H. (2020) A
Novel On-Off Fluorescent Probe with Rapid Response for the Selective and Sensi-

tive Detection of Co?*. Inorganic Chemistry Communications, 111, Article ID:
107582. https://doi.org/10.1016/j.inoche.2019.107582

Fan, L., Li, T., Hu, M., Ma, F., Yu, B. and Tian, J. (2019) Rapid Quantification of
Bioactive Lentinan with an Aniline Blue Fluorescent Method. Pharmacology &
Pharmacy, 10, 318-328. https://doi.org/10.4236/pp.2019.106026

Serrat, F.B. (1998) 3,3',5,5'-Tetramethylbenzidme for the Colorimetric Determina-
tion of Manganese in Water. Microchimica Acta, 129, 77-80.
https://doi.org/10.1007/BF01246852

Beyer Jr., W.F. and Fridovich, I. (1988) An Ultrasensitive Colorimetric Assay for Man-
ganese. Analytical Biochemistry, 170, 512-519.
https://doi.org/10.1016/0003-2697(88)90666-5

Touati, D. (2000) Iron and Oxidative Stress in Bacteria. Archives of Biochemistry and
Biophysics, 373, 1-6. https://doi.org/10.1006/abbi.1999.1518

Ay, U. and Sarli, S.E. (2018) Investigation by Fluorescence Technique of the Quenching
Effect of Co* and Mn*" Transition Metals, on Naphthalene-Methyl-Beta-Cyclodextrin
Host-Guest Inclusion Complex. Journal of Fluorescence, 28, 1371-1378.
https://doi.org/10.1007/s10895-018-2301-9

Sarli, S.E. and Ay, U. (2019) An Experimental Study to Synthesize and Characterize
Host-Guest Encapsulation of Anthracene, and the Quenching Effects of Co and Ni.
Journal of Solution Chemistry, 48, 1535-1546.
https://doi.org/10.1007/s10953-019-00932-9

Sarli, S.E. and Ay, U. (2020) Formation Mechanism and Photo Physical Behaviors of

DOI: 10.4236/abc.2022.125014

169 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2022.125014
https://doi.org/10.1021/ic502223n
https://doi.org/10.1039/C4DT00361F
https://doi.org/10.1016/j.snb.2014.05.124
https://doi.org/10.1039/C4RA11913D
https://doi.org/10.1016/j.ica.2019.04.053
https://doi.org/10.1023/A:1021970120965
https://doi.org/10.1039/C4NJ01199F
https://doi.org/10.1016/j.inoche.2019.107582
https://doi.org/10.4236/pp.2019.106026
https://doi.org/10.1007/BF01246852
https://doi.org/10.1016/0003-2697(88)90666-5
https://doi.org/10.1006/abbi.1999.1518
https://doi.org/10.1007/s10895-018-2301-9
https://doi.org/10.1007/s10953-019-00932-9

A. Umit

(24]

Pyrene-Methyl-Beta-Cyclodextrin Complex at Excited State. norganic Chemistry
Communications, 114, Article ID: 107820.
https://doi.org/10.1016/j.inoche.2020.107820

Jiang, Z.J., Lv, H.S., Zhu, J. and Zhao, B.X. (2012) New Fluorescent Chemosensor
Based on Quinoline and Coumarin for Cu*". Synthetic Metals, 162, 2112-2116.
https://doi.org/10.1016/j.synthmet.2012.09.013

DOI: 10.4236/abc.2022.125014

170 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2022.125014
https://doi.org/10.1016/j.inoche.2020.107820
https://doi.org/10.1016/j.synthmet.2012.09.013

	A New Fluorescent Chemosensor for Selective and Sensitive Detection of Mn2+ in Acidic Medium
	Abstract
	Keywords
	1. Introduction
	2. Experimental
	2.1. Chemicals and Solutions
	2.2. General Instrumentations
	2.3. General Procedure for Spectral Experiments

	3. Results and Discussion
	3.1. Effects of pH Values
	3.2. Response Time
	3.3. UV-Vis. Absorption and Fluorescence Spectral Response

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

