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Abstract This paper proposed a copper-ion sensor with a Mach-Zehnder interferometer structure based on an ion-
imprinted composite film. A section of single-mode fibers (SMFs) was spliced between two sections of three-core
fibers (TCFs) and another two sections of SMFs were coupled to the ends of the two sections of the TCFs to form
a TCF-SMF-TCF sensing structure. A chitosan (CS)/polyvinyl alcohol (PVA) composite film, a copper-ion-
imprinted composite film, and an optimized copper-ion-imprinted composite film were coated on the surface of the
TCFs, respectively. The copper-ion concentration was accurately detected according to changes in the relative
refractive index of the TCF cladding caused by the specific copper-ion adsorption of the composite films. The
experimental results demonstrate that as the copper-ion concentration increases, the monitored troughs in the
transmission spectra of the fiber-optic sensors coated with the CS/PVA composite film, copper-ion-imprinted film,
and optimized copper-ion-imprinted film exhibit red shift, red shift, and blue shift, respectively. A comparative
analysis shows that the sensor coated with the optimized copper-ion-imprinted film displays the optimal response to

copper ions. It has a response sensitivity of 62. 258 pm e pmol '+ L. and a detection limit of approximately
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0.602 pmol+L. ", with good selectivity and high pH stability. This sensor, with the advantages of easy preparation

and simple structure, has application potential for high-selectivity copper-ion detection in water.
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Fig. 1 Schematic diagram of experimental setup (inset is sensing structure)
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Fig. 2 Optical power distributions of XZ and YZ cross-sections of optical fiber

sensing region. (a) XZ cross-section; (b) YZ cross-section
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Fig. 6 Response spectra of sensors coated with different composite films and linear fitting curves of wavelength shift and

logarithm of copper ion concentration. (a) Response spectra of sensor coated with CS/PVA composite film;

(b) linear fitting curve of wavelength shift of sensor with CS/PVA composite film and logarithm of copper-ion

concentration; (c) response spectra of sensor coated with copper-ion imprinted composite film; (d) linear fitting
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composite film

XA AR E ) A AT T A R R 1 PR Y
Cu® W EJLFE R 0~100 pmol/L i, 47 CS/PVA
HAR.Cu™ B E A B AL Co® BNl & A B

RIS (%) R ABRE 43 58 21, 004 pme pmol '+ L,
40. 005 pmepmol '+L F162. 258 pmepmol '+ L, %
BAL Cu™ BNl & A WAL IR A8 R B T i R AR

2406004-6



41 3% 224 H1/2021 £ 12 B/RSFR

R Cu™ BNl A IR AL B LR CS/PVA
52 A BRI AL B R 5 L X2 RO R 48 B8 - B Il
[ CS/PVA AR Cu®™ iy B /0 T B &
BIEE) Co™" W B &, TR, i NaOH 3 AT
AR HCl SR BIR 5 Co™ MiEM
fh2FA , NaOH 380 i A0 10 mT B 4l 48 7 42 45 ot
Cu®™ By m B M fE . 8 X b & B IR E A Cu™™
EI 52 A REEA T 25 1) Gz T B A X T CS/PVA

AR Cu® B3I 52 A A TR (A G0 B IR A6
URRAE A 0. 602 pmol 'L, B&5H/NF A DA
SRR Co® BRI RR . 2% 2 A AFDGE
Cu®" AL AR PERE A XS L 23 BT s XS LU &5 2R R 3, A
AR B A R RS R A DB R OEBE
(62.258 pmepmol -1 A R 4F B kK I BR
(0. 602 pmol "L, ZEEMEREMN R .

F 1 REAFEEG B E AR TERE L

Table 1 Performance comparison of sensors with different composite films

Concentration range /

Sensor coated with composite film

Sensitivity / Detection limit /

(pmol -1 (pmepmol '+1) (pmol '+ L)
CS/PVA 0-100 21. 004 4,761
Copper-ion imprinting 0-100 40. 005 1.562
Optimized copper-ion 0-100 62. 258 0. 602

F 2 ARFEDEL Cu* AL REERE LL 4R

Table 2 Performance comparison of various optical fiber copper ion sensors

Concentration range /

Sensitivity / Detection limit /

Method Reference
(pmol ' 1) (pmepmol ' +L) (pmol ' 1)
Thin-core fiber modal interferometer 0. 01-100000 0. 000036 0. 0096 [33]
SPR 50-500 11.7 0. 1054 [23]
Cone Mach-Zehnder interferometer 0-1000 9.1 2.2 [34]
Long period fiber grating 20—-100 26.1265 20 [35]
Double Mach-Zehnder interferometer 0—100 62. 258 0. 602 This work
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Fig. 7 Response time, selectivity, and pH stability of sensor coated with optimized copper ion imprinting composite film.

(a) Response time; (b) selectivity; (c¢) pH stability
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