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Improving Instrumental Analytical Chemistry Laboratory Teaching:
Developing a Bilingual Classroom to Cultivate Innovative Talents

Yan Li 2, Fei Ding "2, Jielun Yan "2, Qingyang Zhou "2, Zhe Wang "2, Yifan Shi "2, Jing Wang 2,
Anna Tang 2~

! College of Chemistry, Nankai University, Tianjin 300071, China.

2 National Demonstration Center for Experimental Chemistry Education (Nankai University), Tianjin 300071, China.

Abstract: Bilingual-driven innovative experimental teaching is designed to meet the demands of modern
education and the country’s need for innovative talents. This approach not only strengthens students’ foundational
knowledge in instrumental analysis and enhances their operational skills, but also fosters a more comprehensive
sense of independent innovation. Under the guidance of instructors, students engage in self-directed learning using
both Chinese and English resources, integrating this knowledge into various aspects of their work, such as
designing self-made instruments, assembling components, and debugging signals. The teaching method has
shifted from traditional lectures to an innovative, integrated approach that combines teaching with research. The
incorporation of bilingual instruction broadens students’ perspectives, enhances their capacity for independent
innovation, and lays a strong foundation for cultivating talents in scientific research and innovation.

Key Words: Instrumental analysis laboratory teaching; Self-designed experiments; Innovation;
Bilingual teaching
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A Research Background B Research Background
Brief Introduction-Usage CRDS-Cavity Ring Down Spectroscopy

QEPAS: Quartz-Enh d Ph ic §

CRDS / CRLAS: Improvement Cindical VP ey
inst instabili I "
> Environmental Monitoring (Greenhouse Gas, Ozone) > Robust against instability - — ——/ L o
% Industrial Process Analysis > Close to ICOS el

» Whatever, Input & Output
Amplitude Measurement

» Combustion Processes

» Detection of G (Toxic,

CRDS / CRLAS:

Voo = A-sinieot
> Laser llluminate High-Fitness - r N ®
Cavity - [} T e Vi
R, »
»C Build T . ‘ -
< N I

Up The Density

» Highly Reflective Mirrors: Laser
Path Length

If EC-QCL
Applying
Modulated
Voltage to a | G
Piezoelectric
Translator

Sensors 2014, 14, GL65-6206.
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A How to build the Equipment B How to build the Equipment
Light sources Resonant photoacoustic cell

classical lamp/monochromator

Resonant photoacoustic cell

* can provide continuous tunability.

+ generally used with gly ing or where low
resolution suffices.

* Cheap
+ high sensitivity
« §trong background absorption

Lasers

Differential photoacoustic cell

* nearly high

+ highly collimated
+ limited tuning ranges and high costs

C How to build the Equipment D How to build the Equipment
Acoustic detectors Acoustic detectors
Auarts funing fork (GTF)
« photoacoustic detection of trace gas . used in i ies of samples
. icti i d on the gas cell by the acoustic * do not couple very well to acoustic si in d 1!
resonance °°“"t'_°"s' o - « An alternative solution is the use of piezoelectric devices to sense
° P good environmental noise elastic acoustic waves generated in absorbing solids and liquids.

Thermal lens detectors

* monitor weak absorptions in liquid samples
» sensitivity to the sign of the in the

E How to adjust the Equipment F How to adjust the Equipment
Photoacoustic spectroscopy Quartz Enhance Photoacoustic Spectroscopy

Xenon lamp
Deuterium

‘ Test the resonance frequency of the tuning fork

.. Resonance? Determine the relationship between laser operating
~  Quartz glass|window . temperature, injection current and wavelength
Small as possible .
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Amplifier & Rectifier A Pre ampiifier ’ RatioAmplifier \ resonance frequency of the quartz tuning fork
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