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Development of Rhodamine-Based Fiber Optic Sensor for
Detection of Mercury in Aqueous Environments

Ae Ri Lee, Yong Il Kim, Beom Kyu Kim, and Byung Gi Park’

Abstract

A Rhodamine-based fiber-optic sensor has been developed to detect mercury ions in aqueous environments. The fiber-optic sensor

was composed of a mercury-sensing thin film, plastic optical fibers, and a spectrometer. The mercury-sensing thin film with the syn-
thesized Rhodamine derivatives was fabricated with Sol-Gel process. A light emitted by a light source is guided by plastic optical fibers
into the thin film in an aqueous solution and a reflected light is analyzed with the spectrometer. The experiment exhibits that an absor-
bance in the thin film is increased as mercury concentration is increased in the solution and the absorbance by mercury is higher than
that by other heavy metals. The fiber-optic sensor exhibits high chromogenic phenomenon of mercury ions among various heavy metals
and the correlation between absorbance and mercury concentration in the aqueous environments.
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Fig. 1. The flow diagram for Rhodamine derivatives synthesis.
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Fig. 2. The flow diagram for fabrication of mercury-sensing filn
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Fig. 3. The schematics of fiber-optic sensor system.
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Table 1. Synthesis condition of Rhodamine derivative

Test number 1 2 3 4 5
Reflux temperature (°C) 50 70 50 60 70
Reflux time (hr) 17 17 21 21 21
Additional solvent 35 35 25 15 25
amount (ml)

Recrystallization time 30 25 30 30 30
(min)
Yield (%) 67.1 693 483 572 96.7
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003 |
0028 |
002 |

0.015
0.0

0.005
test 1 test 4

Absorbance at 525nm

test 2 test 3 test S

Test Number

Fig. 4. Absorbance of Rhodamine derivative against synthesis con-
dition for mercury.
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Fig. 5. Absorbance spectrum of synthesized Rhodamine derivative
against Hg, at 0.1 ppm concentration respectively.

&l 71’21’ A7FstAd . -)F°°]
574]9] 44 17401] U;}F/]r gollo] A
ZA7A] A 8] Zpol& KT Fig.
4= UV-spectrophotometer (UV—2450 SHIMADZU)Z 7} 8-

:[o

o E9 =S 29 23E epith. £ o] s
WS 5 FEAVE e 2709 FEART o 28 o] o] wh
385 ERlsiitt

mab 2opn SEA BEL 919 z}@ 2oz 43 s
57} 7Vg AT BEstel, ol ¥ YL A% 2ohul &
J. Sensor Sci. & Tech. Vol. 23, No. 3, 2014

175

1271

& oW bR
.

100ppm

[ —

1ppm 10ppm S50ppm 200ppm

Fig. 6. Chromogenic appearance of mercury-sensing film according
to mercury ion concentration.
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Fig. 7. Absorbance spectrum as a function of mercury concentration.

0.035

0.03 - =

T 732 4 3
| - y =-4x107x? + 2x10"*x + 2x10
0.025 g R2=0.9994

002 |
0015 | -

001 e

Absoorbance at 525nm

0.005

100 150 200
Hg?* concentration (ppm)

0 50 250

Fig. 8. Absorbance peak point according to mercury concentration at
525 nm wavelength.
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