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Abstract: In this paper, the electrical impedance spectroscopy characteristics of polymer dispersed liquid crystal
(PDLC) doped with nano-zinc oxide rods and its sensing applications are studied. Polymer dispersed liquid crystal
films have the characteristics of stable structure, resistance to mechanical impact and easy preparation. By doping
nano-zinc oxide rods into the material, the sensing function of polar molecules such as ethanol gas can be realized
through the analysis of electrical impedance spectroscopy. In this paper, the complex impedance spectra of thin films
encountering ethanol molecules are studied and analyzed through comparative experiments. In addition, the elec-
trochemical equivalent circuit was established and analyzed. It was found that the film could sensitively and effec-
tively realize the sensing function of the ethanol molecules. The sensitivity and response time of the sensor are fur-
ther analyzed and studied. The experimental study and analysis show that nano-zinc oxide rod doped PDLC film is
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expected to be used as a gas sensor for detecting polarity of ethanol and other materials. It has the advantages of
high sensitivity, stable structure, high repeatability, and easy fabrication.
Keywords: polymer dispersed liquid crystal; nano-ZnO rods; gas detection; impedance analysis; equivalent circuit
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Table 1 Theoretical percentage of PDLC materials prepared with a mass of 2 g

Sample  LC/(wt%) NVP/(wit%) Doping materiali(wt%) NPG/(wt%)  Rbi(wt%)  S-271/(wt%)  EB8301/(wt%)

ZnO-PDLC 34.76 9.94 0.1 0.4 0.15 9.94 44.71
PDLC 34.76 9.94 \ 0.4 0.15 9.94 44.71
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Fig. 1 (a) Exposure optical path diagram of nano-ZnO rods doped PDLC film;
(b) Liquid crystal cell silver paste copper wire connection diagram
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Fig. 2 (a) SEM diagrams of PDLC films; (b) SEM diagrams of nano-ZnO rods doped PDLC films
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Fig. 3 (a) Detection of phase angle and impedance-frequency relation of ethanol by nano-ZnO rods doped PDLC film;
(b) Detection of phase angle and impedance-frequency relation of ethanol by PDLC film
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Fig. 4 Nyquist diagram of nano-ZnO rods doped PDLC films
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Table 2 The fitting parameters of the equivalent circuit components fitted by Zview
Concentration/(%) Parameter Value Error/(%)
Ry/(MQ) 0.45 1.43
Cal(nF) 0.41 3.26
° Cre-T 9.23x107 4.39
Cre-P 0.47 3.81
Ry/(MQ) 0.03 1.49
Col(nF) 0.48 1.92
% Cre-T 1.94x10° 3.64
Cpe-P 0.57 1.56

190540-6



https://doi.org/10.12086/0ee.2020.190540

4

15
— PDLC
— ZnO-PDLC
T 10
€
>
=
% s
[0
w
0 L . Tt " L
10° 10" 10*> 10® 10* 105 10°
Frequency/Hz
B 8 4k ZnO #¥i57249 PDLC 545 PDLC 8%

* LBE ARG o KL R B
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Sensitivity of different materials doped PDLC films to ethanol gas

Overview: In this paper, the electrical impedance spectroscopy characteristics of polymer dispersed liquid crystal
(PDLC) doped with nano-zinc oxide rods and its sensing applications are studied. Polymer dispersed liquid crystal films
have the characteristics of stable structure, resistance to mechanical impact, and easy preparation. By doping nano-zinc
oxide rods into the material, the sensing function of polar molecules, such as ethanol gas, can be realized through the
analysis of electrical impedance spectroscopy. The design realizes the detection of ethanol by measuring the impedance
change of the film. It does not need complicated optical instruments to analyze the spectra of polar gases, such as etha-
nol before and after passing through. The design is simple, practical, and real-time. Based on the liquid crystal cell
coated with ITO conductive glass, nano-ZnO rod doped PDLC thin films were prepared by photopolymerization phase
separation method. In this paper, the complex impedance spectra of thin films encountering ethanol molecules are stu-
died and analyzed through comparative experiments. And the electrochemical equivalent circuit was established and
analyzed. It was found that the film could sensitively and effectively realize the sensing function of ethanol molecules.
The principle is that when nano-ZnO rods based on polymer dispersed liquid crystals are exposed to reducing gas
ethanol, then oxygen atoms react with reducing gas to release electrons, thus forming conduction channels, which ulti-
mately results in great changes in film impedance values. The sensitivity and response time of the sensor are further
analyzed and studied. The impedance curve of nano-ZnO rod-doped PDLC changes instantaneously and drops sharply
in the response time of 15 s after it is fed into ethanol gas at 100 Hz. Then in the instant of withdrawing ethanol gas, the
impedance curve responds instantaneously and rises rapidly in the recovery time of 4 s. In addition, the experimental
results show that the nano-ZnO films doped with 0.1% are very sensitive to the detection of ethanol polar gases when
the frequency is about 100 Hz and the ambient temperature is 25 ‘C. The sensitivity value is as high as 14.3. The sensi-
tivity of PDLC films doped with nano-ZnO is much higher than that of films without any doping. Both experimental
and simulation results show that the material is extremely sensitive to ethanol as a polar molecule. We believe that na-
no-ZnO rod doped PDLC films can be used as sensors and have important application value in the detection of polar
molecules.

Citation: Zhu Q, Liu Y R, Jiang Z P, et al. Impedance spectroscopy characteristics of nano ZnO doped liquid crys-
tal/polymer film[J]. Opto-Electronic Engineering, 2020, 47(9): 190540
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