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4 ABSTRACT: Gas sensors have received plenty of attention due to
5 various applications, and the methods to model the kinetic
6 processes and estimate the corresponding parameters play a critical
7 role in characterizing the sensor response behavior. In this work, a
8 two-site Langmuir kinetics model is applied to describe the
9 adsorption/desorption response processes of a SnO,/reduced
10 graphene oxide resistive gas sensor and the pertinent kinetic
11 parameters are optimized based on the genetic algorithm (GA).
12 For the robustness and fast convergence of the GA, the initial
13 values and ranges of kinetic parameters are obtained step-by-step.
14 This a priori knowledge is sufficient to guarantee reasonable
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15 parameter identification from experimental data. Moreover, the kinetics model and GA are integrated into graphical user interface
16 software for subsequent application. Eventually, the exploration of improvements to experimental design is uncovered to increase the

17 accuracy and reliability of the estimation.

18 KEYWORDS: gas sensor, Langmuir kinetics model, parameter identification, genetic algorithm, GUI

19 Resistive semiconductor gas sensors can ftrigger the
20 interaction between a sensor and gas molecules by
21 changmg the conductivity characteristic of the carrier move-

22 ment.' ™ Due to its high sensitivity in the detection of
23 combustible, toxic, and harmful gases, the gas sensor has
24 widespread applications in various fields."* If there is no
25 general quantitative understanding of the sensor responses,
26 then it is difficult to determine the rel;monshnp between the gas
27 concentration and sensor response.”™ Therefore, a method to
28 establish the kinetic models to characterize the dynamical
29 behavior of the gas sensor and determine the crucial kinetic
30 parameters to describe the mechanism responsible for gas
31 sensing is vital in the field of sensors in recent years.””"'

32 The mathematical models based on these responses have
33 been the aim of researchers, much effort has been made, and
34 various kinetic models are constantly progosed First, the
35 Freundlich isotherm was proposed in 1909.'* As an empirical
36 equation, it can fit the majority of gas sensing data.

37 Nonetheless, in many cases, empirical equations are insufficient
38 to demonstrate the physical mechanisms underlying gas
39 sensors.'” Then, the Langmuir model was theoretically derived
40 in 1916 from monolayer adsorption, which quantifies the
41 coverage of molecules on a substrate surface as a function of
2 the gas concentration at a fixed temperature.”'* The BET
43 model, which supposes that the occupied adsorption sites can
44 continue to adsorb, is derived from the multilayer adsorption
45 study in 1938. Later, a nonlinear diffusion reaction model of
46 electrical conduction was proposed by Gardner."!" Based on the
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electron theory of chemisorption, a mlcroscoplc model of a
thin-film gas sensor was developed by Geistlinger."> Currently, 4s
the adsorption—desorption kinetics curves and transient 49
response curves are widely analyzed by the modified single- so
exponential Langmuir kinetic model,”'*' although increas- s
ingly many studies indicate that other less known techniques s2
outperform it in many cases.”’ Considering the difference in s3
energy on the film surface, the phenomenon of two adsorption s4
sites and a multi-exponential kinetic model were proposed by ss
Hu et al’' and have been successfully applied in diverse s
senors.””™*> Recently, one more form of a two-site kinetic s7
model was established to provide microscopic information™ sg
and an intermolecular-force-based model was proposed to so
analyze the gas response process.”” Undoubtedly, the 6o
mathematical modeling of gas sensors has remained the 61
focus of this research field. 62

Given a model expression and sensing experimental data, it 63
is well known that the model parameter estimation is of great 64
significance to reveal the characteristics of the gas sensor s
response.” Many different software tools and optimizing 66
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