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Study on Optical Characteristics of 8-Hydroxyquinoline Synthesized
Derivative as Sensing Material of the Fiber-Optic Copper Ion Sensor
in Aqueous Environment
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Abstract An 8-hydroxyquinoline compound that was synthesized with 8-hydroxyquinoline-2-carboxaldehyde and
4-aminoantipyrine was investigated for use as the sensing material of a fiber-optic copper ion sensor in an aqueous
environment. The experiment was conducted with a fiber-optic measurement system, in order to evaluate the
relationship between the absorbance peak and copper ion concentration. The synthesized derivative exhibited a (highly
selective) chromogenic phenomenon for copper ions among various metal ions in an aqueous environment and showed
a specific absorbance peak at a wavelength of 530 nm for copper ions. The effect of mercury ions was investigated
to evaluate the selectivity of the prepared synthesized derivatives toward Cu ions. The absorbance was measured at
various concentration ratios of Cu and Hg ions (Cu:Hg ratios from 0.05 to 20), and it was found that the absorbance
at 530 nm tended to increase with increasing Cu ion concentration. The experimental results also showed the linear
relationship between the logarithmic concentration of copper ions and the specific absorbance peak at a wavelength
of 530 nm. These results indicate that the synthesized 8-hydroxyquinoline compound has selectivity for copper ions

and can be used as a sensing material for fiber-optic copper ion sensors.
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Fig. 1. Schematics of experimental setup
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Fig. 2. Absorbance spectra of metal ions in aqueous
environment. Metal ions are Ca, K, Cd, Hg,
Bi, Mn, Mg, Li, and Cu. Concentration of each
metal ion is 2.5x10* M, respectively and
concentration of synthesized 8-hydroxyquinoline
compound is 4.824x10™ M.
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Fig. 3. Absorbance spectra in aqueous solution with Cu®" ion
and other metal ion. Concentration of each metal
jon is 2.5x10* M and concentration of the

synthesized 8-hydroxyquinoline compound is

4.824x10™* M.
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. .. 24 .
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ion. Concentration of each metal ion is
25x10" M and concentration of the
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Fig. 5. Absorbance spectra as a function of concentration
of Hg®™ in aqueous solution with Cu®* ion.
Concentration of Cu®' ions are fixed at 2.5x10™
M and of the synthesized
8-hydroxyquinoline compound is 4.824x10™ M.

concentration

Fgllo] A Cu® FE9 530 nm Il A FFE
AAAAE £E817] 918k Cu’' o iE—% W8IA 7]
B¢ 29598 2R Fig 62 BIREAS
T2 4824 x10* MOo& AT 3_7401]/\1 Cu’'e) B&
£ 0 ppmOlA] 200 ppm7}HA] '“7}’\] Z uf Wslels &
2= Ui,

0.5

— 2.8x10-3 M
200 ppm — 1.4x10-3 M

0.4 — 7.8x10-4 M
-~ —3.1x10-4M
=3 — 1.8x10-4 M
<03 — 0.9x10-4 M
= oM
2
50.2
=
<

0.1

0 A

630
Wavelength(nm)

Fig. 6. Absorbance spectra depending on copper ion
concentration

L9 FFE(530nm
}71 Aete] 530 nm TG A F
ig. 73 o] EASISIT.
(530 nm HE FE

= AE /ML

rr

o
oy

104

04

y=10.0778x + 0.01
R*=0.9869

0.2

Absorbance at 530nm(a.u.)

0 L L L L L

2 3 4
log Concentration (ppm)

Fig. Relationships between absorbance at 530nm

wavelength and copper ion concentration

4. A=

24 A FAe A Tt o]
27437 918ke] 8-Hydroxyquinoline 7|
AAyated 2] oo 3t B3t vk EAS ALt
At} AFE FAHEEA = Hg2+, K Li Ca i
cd®, M, Bi* 59] olg] 24 oo BEalE Ao
o= Fg o]} =& wke XS Ho|n 530 nmol|A] I

___/\ jq_xl—ll L]—E]— ];}, 1:\:5]. SFA)

H O

% 8-Hydroxyquinoline

A sEe 7 ol 21 % we} 530 nm I}
Fo A ERE7} Aoz ngste Bk AzE
A9 ol2fdt BeA wkg 54 FA AlA oA
T ol&& A& AT A =HAEA AYPE v
bt g5 g4 % 8-Hydroxyquinoline | 3}3t&S &
A o thfet Yo Agste] FAdf A
g ol A& 54 W7E 79 Aotk

References

[11 K. H. Ji, J. K. Kim, M. J. Lee, S. Y. Park, H. J. Kwon,
H. K. Cheong, J. Y. Jang, D. S. Kim, S. D. Yu, Y. W.
Kim, K. Y. Lee, S. O. Yang, L. J. Jhung, W. H. Yang,
D. H. Paek, Y. C. Hong, K. H. Choi, “Assessment of
exposure to heavy metals and health risks among
residents near abandoned metal mines in Goseong,
Korea”, Environmental Pollution, vol. 178, pp. 322-328, 2013.
DOI: https://doi.org/10.1016/j.envpol.2013.03.031

F. W. Fifield, P. J. Haines, Environmental Analytical
Chemistry, 2nd ed., Wiley-Blackwell, 2000.

A. P. Silva, H. Q. N. Gunaratne, T. Gunnlaugsson, A. J.
M. Huxley, C. P. McCoy, J. T. Rademacher, T. E. Rice,

[2]

B3]



(4]

(5]

(6]

(7]

(8]

(9]

[10]

“Signaling recognition events with fluorescent sensors
and switches”, Chemical Reviews, vol. 97, no. 5, pp.
1515-1566, 1997.

DOI: https://doi.org/10.1021/cr960386p

0. S. Wolfbeis, “Fiber-Optic Chemical Sensors and
Biosensors”, Analytical Chemistry, vol. 80, no. 12, pp.
4269-4283, 2008.

DOI: https://doi.org/10.1021/ac800473b

B. S. Lee, J. Y. Hong, Y. M. Hwang, S. H. Cho,
“Feasibility study on the development of fiber-optic pH
sensor for endoscope”, Journal of Sensor Science and
Technology, vol. 13, no. 3, pp. 213-217, 2004.
DOI: https://doi.org/10.5369/JSST.2004.13.3.213

M. Benounis, N. Jaffrezic-Renault, H. Halouani, R.
Lamartine, I. Dumazet-Bonnamour, Detection of heavy
metals by an optical fiber sensor with a sensitive
cladding including a new chromogenic calix arene
molecule, Materials Science and Engineering: C, vol. 26,
no. 2-3, pp. 364-368, 2006.

DOI: https://doi.org/10.1016/j.msec.2005.10.055

Y. Mei, P. A. Bentley, W. Wang, “A selective
chemo-sensor of Cu’" based on 8-Hydroxyquinoline”,
Tetrahedron Letters, vol. 47, no. 14, pp. 6413-6416,
2006.

DOL: https://doi.org/10.1016/j.tetlet.2006.01.091

Y. F. Cheng, D. T. Zhao, M. Zhang, Z. Q Liu, Y. F.
Zhou, T. M. Shu, F. Y. Li, T. Yi, C. H. Huang, “Azo
8-Hydroxyquinoline benzoate as selective chromogenic
chemosensor for Hg * and Cu”™, Tetrahedron Letters,
vol. 47, no. 36, pp. 6413 - 6416, 2006.

DOI: https://doi.org/10.1016/j.tetlet.2006.06.125

M. M. Mashaly, Z. H. Abd-Elwahab, A. A. Faheimb,
“Preparation, Spectral Characterization and Antimicrobial
Activities of Schiff Base Complexes Derived from
4-Aminoantipyrine. Mixed Ligand Complexes with
2-Aminopyridine,  8-Hydroxyquinoline and Oxalic
Acidand their Pyrolytical Products”, Journal of the
Chinese Chemical Society, vol. 51, no. SA, pp. 901-915,
2004.

DOI: https://doi.org/10.1002/jccs.200400135

H. Irving, R. J. P. Williams, “The Stability of
Transition-metal Complexes”, The Journal of the
Chemical Society, pp. 3192-3210, 1953.
DOI: https://doi.org/10.1039/jr9530003192

105

Z! B H(Beom Kyu Kim)

e2012 24 :
BRTAR (T

02014'd 29 : &St dniy
34l skttt (FAAD

*20143 3¢ ~ @A :
Auttekyl 3le)Eel

A4

7|Byung Gi Park)

]

o

©1999d 2¢ : Aguistu UxEF
gt (FsHEkAh

020021 109 ~ 20073 29¥:
ol dEdTd

0200751 3€¥ ~ @Al : TPt
Al oA #A g}

&)

v,

A7, A4, S



