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A Polyaniline Membrane Micro—nano Fiber Hydrogen Ion Probe

GU Xingchen, LI Lijun, MA Qian, SUN lJiajia, LI Min, SHAO Changsheng, LU Yumeng
(College of Electronic Information Engineering, Shandong University of Science and Technology, Qingdao,
Shandong 266590, China)

Abstract: A polyaniline film micro—nano optical fiber liquid hydrogen ion concentration probe is proposed,
and the hydrogen ion concentration sensing characteristics of this fiber probe are investigated. The sensing
part consists of a single-mode fiber, a small-core-diameter fiber and a single-mode fiber pair fusion spliced
together, and polyaniline material is coated on the small-core—diameter fiber as a sensitive film. Firstly, a
theoretical analysis of the sensing principle of the fiber optic probe and the structure change mechanism of
the polyaniline main chain was conducted. Then, the effect of different film thicknesses on the sensing
characteristics of the fiber optic probe was verified and analyzed by hydrogen ion concentration sensing
experiments. Finally, experimental interference tests on the change of liquid refractive index were
completed and the response-recovery time and stability performance of the probe were evaluated. The
experimental results show that the main chain structure of polyaniline changes under the action of hydrogen
ions. The interference spectrum of the fiber optic probe drifts in the short-wave direction with the increase

of hydrogen ion concentration, and the detection range increases with the rise of polyaniline film thickness,
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while the sensitivity and linearity decrease significantly. The sensitivity of the fiber optic probe is
— 15.74nm/mol/L for the hydrogen ion concentration range of 10°~10" mol/L., and the response and
recovery time are 25 s and 35 s, respectively. The experiments verify the change of polyaniline film’ s
optical properties after reacting with hydrogen ions and provide a new method for liquid hydrogen ion
concentration detection. This fiber optic hydrogen ion concentration probe also has the advantages of high
concrete film strength, simple fabrication, and low cost.

Key words: Fiber optic probe; Micro—nano fiber; Optical properties; Polyaniline membrane; Hydrogen
lon concentration
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Fig. 1 Schematic diagram of micro—nano fiber optic hydrogen ion concentration probe sensing structure
B AR SR v B 1 7 Al 2 5 S TR R e T B A A RO BOR ORI 1 T S R Ok A AR A, T R
TCF Fb A% i 14 e RS A58 58 53 e o 2 AL, S BUER BB 15 ey B A% B 0I5 AR AH AL 22, A0 J2 A B A 288 B3 R
H AR A Z AR R
dA 2nL A

dnla B 20+ 1)= - N — Mt co (3)

RARM S ST A RSN R BEWME 2 iR, 2450 T v &0 8 T 0k B & A AR b i, oK

i T BE S A 2 R A AR AT ORI AT S R B 2 ks [ E S TCF e B A 803 5 238 0 | 5 S0 B 11
FADLAZ A A 90 A B R AR S 1 W B Y AR A R AR R RS

® @
Coati i @ @ Combini %
ToF oating Solutions @ @ ombining @
®® ®
¥ R R ® Y,

e el A A e SO

4

M2 REBEABETEEGMEHEMEA
Fig. 2 Structural changes in the main chain of polyaniline bound to hydrogen ions.
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Fig. 3 Diagram of experimental setup for hydrogen ion concentration sensing
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Fig. 4 Microscope photo comparison before and after lamination
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Fig. 7 Linear fit of fiber optic probe wavelength with hydrogen ion concentration for different polyaniline film thickness
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