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Construction and practice of the “Construction Supports

Competitions-Competitions Nurture Teaching-Teaching

Promotes Learning” closed-loop innovative teaching mode:
a case study of micro-plasma emission spectrometer

setup and trace element analysis experiment

XUE Wanyi, KE Di, ZHANG Xiao, ZHOU Xiaodong, YANG Ruining, CHAO Qingcen,

CHEN Mingli, MENG Hao, YANG Ting
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Abstract: Experimental teaching, serving as a bridge between theoretical knowledge and practical
competence, can deepen students’ understanding of theoretical concepts, and enhance their ability
to solve complex problems, thereby playing a pivotal role in cultivating elite chemistry talents for
the national innovation system. By understanding the laws of higher education development and
innovative talent growth, the Chemistry Experiment Teaching Center of the College of Sciences at
Northeastern University has innovatively proposed a closed-loop teaching model: “Construction
Supports Competitions-Competitions Nurture Teaching-Teaching Promotes Learning” , aiming at the
problem of difficult barrier between scientific research and pedagogy in talent development. This
model is based on the requirements for cultivating top innovative talents, leveraging the practical

feedback of disciplinary competitions, and creating a dynamic feedback mechanism of “Competition
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Incubation—Teaching Transformation—Competency Feedback”. Taking the award-winning project
“Micro-Plasma Emission Spectrometer Setup and Trace Element Analysis Experiment” from the
Chemistry Innovation Design Competition as an example, this study demonstrates the model’s
breakthrough in traditional experimental teaching. Through a 4-class-hour experimental course,
students independently construct a dielectric barrier discharge (DBD) micro atomic emission
spectroscopy device, combined with hydride generation (HG) introduction technology to complete
trace arsenic detection. The method showed a good linear relationship in the mass concentration
range of 20-500 wg/L, with a coefficient of determination (R?) of 0.997. Teaching practice shows
that students deepened their understanding of principles and made the instrument structure
transparent through hands-on construction, promoting the improvement of teaching quality and
providing a scalable innovative paradigm for the “high-order, innovative, and challenging” curriculum
reform.
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devices; dielectric barrier discharge (DBD)
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Fig.1 Closed-loop innovative teaching model diagram of
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Fig.2 Schematic diagram of the experimental setup

DBD: dielectric barrier discharge; CCD: charge coupled device.
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Fig.3 Schematic diagram of the microplasma atomic emis-

sion spectroscopy setup
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HG: hydride generation; OES: optical emission spectroscopy. E 500 4
The atomic emission characteristic lines of arsenic (As) are as "
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sion spectral intensity of As (n=3)
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Table 1 Parameter settings for the teaching experiment

Parameter Value
CCD spectrometer integration time 100 ms
Input voltage 75V (AC)
Argon flow rate 0.4 L/min
NaBH, mass fraction 0.5%
HCIl mass fraction 5%
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Table 2 Experimental teaching schedule

Teaching stage Class hours

Core tasks

Competency objectives

awareness of safety protocols

understanding of device principles

Safety education 0.5 safety protocols education and emergency training
Experimental 0.5 characteristics of DBD microplasma excitation source;
principles principles of HG and its sampling advantages

Device construction 2 assembly of DBD reactor and circuit connection; integra-

precision operation; fault diagnosis

tion and debugging of gas path system

Performance testing 1

After-class expansion

data acquisition and standard curve establishment

exploration of testing methods for new elements

data analysis skills

innovative thinking cultivation
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