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a  b  s  t  r  a  c  t

A  novel  methodology  for  the  determination  of  Hg(II)  ions  was  developed  based  on  optical  fiber
chemical  sensing  in a  microfluidic  device  containing  a selective  tripodal  chromoionophore  (i.e.  tris[2-
(4-phenyldiazenyl)phenylamino)ethoxy]cyclotriveratrylene/TPPECTV)-PVC  film.  Absorbance  detection
was performed  by incorporating  a single  optical  fiber  on the  top and  the  bottom  of  the  detection  zone
of  the  microfluidic  device.  In this  micro-sensing  system,  the  intensity  of  the  absorption  maximum  at
495  nm  of  the  TPPECTV–Hg(II)  complex  linearly  increases  as  a  function  of  the  Hg(II)  ion concentration
in  the  range  1.0  × 10−6 to  2.5  × 10−4 M,  with  a detection  limit  of  0.5  �M.  Interference  from  other  heavy
metal  ions  was  not  observed  at significant  levels.  The  absorbance  results  of  the  detection  of  Hg(II) ions  in
environmental  water  samples  (river  water)  are  in good  agreement  with  those  obtained  by  a  macro-scale
system  (cold  vapor atomic  absorption  spectrometry/CVAAS).

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Miniaturization of chemical analysis provides several advan-
tages over conventional macro-devices. These include: (i) cost
reductions via reduced consumption of reagents and cheaper fab-
rication as well as reduced analysis times, (ii) better control of
reaction conditions, (iii) enhanced ability to carry out parallel pro-
cessing, and (iv) the ability to perform in-the-field or point-of-care
measurements [1,2]. In this respect, microfluidics aims to trans-
form the analytical sciences to micro-devices in which chemical
and biological processing can take place under precisely con-
trolled conditions [3,4]. These typical devices integrate a series
of analytical procedures, such as sampling, sample pre-treatment,
chemical reactions, analytical separations, and detection into a
single microchip. The last of these steps is often the most challeng-
ing, since only small quantities of analyte are usually present in
a microfluidic device, and consequently high sensitivity detection
techniques are needed.

One of the simple methods for analyte detection in microflu-
idics is based on “off-chip” detection by coupling a macro-scale
optical instrument to the microfluidic device. In common macro-
scale optical detection, there are a wide range of applications, i.e.
absorbance, fluorescence, and chemiluminescence [5].  In order to
couple these into micron-sized detection areas, the use of pinholes
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at focus points along the optical fiber is commonly used [6].  This
approach gives rise to very low background signal levels, that com-
bined with very sensitive photon detection techniques, such as
photomultiplier tubes (PMTs) and charge-coupled devices (CCD)
[4,5], in turn, result in very low detection limits. On  the other
hand, fiber optics represents a suitable method for closely cou-
pling the incoming source and transmitted light in a microfluidic
device, because they are amenable to miniaturization. Optical fibers
also represent an excellent option for absorption, because they can
be used with broadband light sources for simultaneous absorption
measurements with wavelength selection achieved at the detector
[5,7].

Among the heavy metal ions, Hg(II) is one of the environmen-
tally most important metal ions whose toxicity, even at very low
concentrations, is already known for a long time and is a real prob-
lem [8].  Therefore, there is a need for analytical methods for the
selective, sensitive, and rapid detection of Hg(II) ions in aqueous
samples. Different types of chemosensors and chemodosimeters
for Hg(II) ions have been reported [9].  A variety of reagents have
been used to construct optical sensors and opt(r)odes for mercury
ions; a comparison is given in Table 1.

Recently, we  developed a novel chemosensor, based on
tris[2-(4-phenyldiazenyl) phenylaminoethoxy]cyclotriveratrylene
(TPPECTV) (Fig. 1), for its colorimetric determination [27]. We
combined the benefits of a microfluidic system and the excel-
lent properties of the tripodal chromoionophore TPPECTV for the
selective binding of Hg(II) ions. In this paper we describe the devel-
opment of a microfluidic optical fiber chemical sensing system
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