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Abstract. We report a real-time, lightweight sensor based on in-fiber MZ interferometer coating bipyridine
complex L[4-methyl-2,6-bis(pyridine-3-ylethynyl)aniline](L-ligand) in situ determination of free copper ion

at micromolar levels. The sensor is made by fusing a section of thin-core fiber(TCF) in the middle of single-
mode fiber(SMF). The L-ligand material is attached to the sensing surface of thin-core fiber to bind free
copper ions in liquid environment with high affinity and selectivity. Investigation was carried out that the
performance of the sensor is significantly improved with different length. The sensitivity of Cu?" detection
can reach 0.0573 nm/puM (nanometer per micromolar) in linear range of OuM~25uM and the detection limit

is 0.8726uM. This is significantly lower than the allowable level of drinking water.

1 Introduction

Copper element is ubiquitously distributed in biological
systems and natural environments, which has an
important impact on the development and function of
blood, central nervous system, immune system and
viscera [1-2].Thus it is regulated the person daily intake
limit of Cu should be maintained at 2-5Smg, WTO rules
of copper in drinking water limit threshold of 2mg/L, and
US(EPA) standards for 1mg/L[3]. Hence the detection
and analysis of copper ion concentration in the
environment become essential.

In recent years, the reported methods for the detection
of copper ions include spectral analysis (atomic
absorption spectrometry, atomic emission spectrometry,
fluorescence spectrometry)[4], spectrophotometry [5],
electrochemical analysis [6], optical fiber sensing
analysis [7]. These methods have many problems, such
as long sample pre-treatment time, complex process and
financial cost. In order to overcome this limitation, in our
research work, we used a SMF-TCF-SMF sensitive fiber
interference structure, and reported a method to measure
the concentration of Cu®* by coating a functional sensing
surface with bipyridine complex L[4-methyl-2,6-
bis(pyridine-3-ylethynyl)aniline](L-ligand). The
mechanism of optical fiber sensing is based on the
external coupling of backward propagation cladding
mode with environmental RI. Moreover, L-ligand can
capture copper ions and change the refractive index
around the sensor. By monitoring the change of infrared
wavelength or the power change of spectral
characteristics, a more sensitive, inexpensive and fast
response time copper ions sensing scheme is proposed.
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Fig. 1 structure diagram of MZ interferometric sensing based

on L film (a) Schematic diagram of STS sensor structure and

light transmission principle; (b) schematic diagram of copper

ion sensing response

The sensor structure which is constructed by a
sandwiching structure with a thin-core fiber spliced
between two standard single mode fibers is shown in
Fig.1. The wavelength of STS structure is formed by the
interference of core mode and cladding mode[8]. When
the external environment changes, the effective refractive
index of the cladding mode will change, which cause the
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shift of the cladding mode central wavelength. At the
same time, L-ligand is coated outside the cladding of
thin-core diameter fiber with STS sensing structure. Due
to the unsaturated covalent bond in the L-ligand, there
are vacancy orbitals and flowing electron cloud in the L-
ligand, which interacts with copper ion to produce
complex reaction[9]. Then the complex reaction changes
the refractive index of coating surface material, resulting
in the shift of MZ interference spectrum. By observing
the drift in real time, the sensing of copper ion
concentration is realized.

The relationship between the dip wavelength ﬂ“D and
the coating film RI can be expressed as follows:

n . .
among them, ' and is the effective
refractive index of the optical fiber core and the coating,

ncoating

K'is mode order and an integer, and I is the length of
the TCF.

3 Sensing experiment and discussion

3.1. Sensing experiment device

The experimental device of the sensor is shown in Fig
2.The fusion equipment used in the laboratory is FITEL-
s177, and the spectrometer is YOKOGAWA-AQ6370.
The TCF used in the laboratory is produced by YOFC.
The mode field diameter of TCF at 1550nm is about
4.5um, the SMF cladding diameter is 125um and the
core diameter is 9um.

Fig. 2 Schematic diagram of in fiber copper ion sensing
experimental device

3.2. Detection of copper ion concentration with
different length sensors

In the experiment, in-fiber sensors with thin-core
diameter of 3cm, Scm and 7cm were coated with L-film,
which were respectively recorded as STS1, STS2 and
STS3, and immersed in different concentrations of
copper ion solution for wavelength monitoring. When the
length of thin-core diameter optical fiber is 3cm, the
response spectrum superposition diagram of the sensor
with the change of copper ion solution concentration is
shown in Fig. 3(a). It can be seen that the wavelength of
the sensor shifts to long wave with the increase of copper
ion solution concentration. Fig. 3(b) shows the
wavelength drift of sensors with different length TCF in
the concentration range of 0-250uM, and in Fig.6(c)(d),
the wavelength drift of 0-25uM and 25-250puM are
measured respectively .The results show that sensor has a
good linear relationship and the sensitivity of the sensor
increases with the length of the sensor. In the
concentration range of 0-25 pM, the highest sensitivity
of the sensor is 0.0573nm/pM, and the linearity is
95.33%. In the concentration range of 25-250uM, the
highest sensitivity of the sensor is 0.0023nm/uM,
92.96%. In this experiment, the maximum detection limit
(LOD) of the sensor is 0.8726uM, which indicates that
the sensor is sensitive enough to evaluate the
concentration of copper ion in water.
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Fig. 3 Response diagram of different length sensors to wavelength change (a) wavelength superposition diagram of STS1 sensor with
copper ion concentration at 1578.8598nm (1 = 3cm) (b) Wavelength drift diagram of different sensors (c) Fitting diagram of
wavelength variation of sensor in the concentration range of 0-25uM (d) Fitting diagram of wavelength variation of sensor in the
concentration range of 25-250uM

4 Conclusion

In conclusion, this paper proposes a MZ interference
sensor for the detection of copper ions in aqueous
environment, and carries out experimental research. A
new type of pyridine compound with triple bond bridge
is used to functionalize the sensor for the high sensitivity
detection of copper ions. In the range of OuM-25uM
copper ion concentration measurement, the wavelength
changes linearly, and the sensitivity can reach
0.0573nm/uM, and the detection limit is 0.8726pM. The
sensor has the advantages of low cost, fast response,
compact structure, wide measurement range, good
detection effect and application prospect, and can replace
the traditional heavy metal ion detection method.
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