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Open experiment of modern instrumental analysis course:
preparation of biomass-derived functional materials and their

enrichment application of antibiotics in water environment

LEI Xiaoyun', JIN Lingxia', WU Xiaoping™
(1. School of Chemistry and Environmental Science, Shaanxi University of Technology, Hanzhong 723001, China;
2. College of Chemistry, Fuzhou University, Fuzhou 350116, China)

Abstract: To cultivate systematic thinking and innovation capabilities in senior undergraduate
students majoring in chemistry and related fields, this project proposes an open-ended experiment
that focuses on the preparation, characterization, and application of biomass-derived functional
materials. The experiment incorporates essential procedures such as the preparation of biochar
materials and the polymer synthesis. Characterization of the material’s structure and hydrophilicity/
hydrophobicity is performed using scanning electron microscopy, infrared spectroscopy, and water
contact angle measurements. During the application phase, the self-prepared materials are utilized
to adsorb glycopeptide antibiotics from real water samples, followed by quantitative analysis using
high performance liquid chromatography. Throughout the experiment, students will enhance their
ability to integrate multidisciplinary knowledge, master skills across the entire analytical workflow
—from sample pretreatment to instrumental analysis—while also improving their competencies in

material preparation, instrument operation, and data analysis. Through this hands-on practice,
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students will develop a practical understanding of the application of analytical technologies in

environmental remediation and monitoring, thereby strengthening their innovative capacity to identify

and solve complex chemical problems. Furthermore, the implementation of this open-ended ex-

periment contributes to advancing the resource utilization of biomass materials, aligning with the

demands of a low-carbon economy.

Keywords: modern instrumental analysis; open-ended experiment; biomass-derived polymer;

solid-phase extraction; water pollutants
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Fig.1 Chemical structures of vancomycin and teicoplanin
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Fig.2 Schematic illustration of the preparation process of the biomass-derived functional material BC@QPEI-POSS (using

straw as an example)

BC@PEI-POSS: biochar@polyethylenimine-polyhedral oligomeric silsesquioxane; ACN: acetonitrile; AIBN: azobisisobutyronitrile;

PT-SPE: pipette tip-solid phase extraction.
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Fig. 4 FTIR spectra of the different monomer and polymer
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Fig.3 Scanning electron microscopy (SEM) images of the biochar and biomass-derived functional material BC@PEI-POSS
Magnifications: a. 1200x; b. 5000x; c. 2000%; d. 10000x.
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Fig. 6 Effects of different PT-SPE conditions on the enrichment efficiencies of the target analytes (25 mg/L) (n=3)
a. type of acid additive in the eluent; b. volume fraction of formic acid in the eluent; c. centrifugation speed; d. volume of eluent.

PA: phosphoric acid; TFA: trifluoroacetic acid; FA: formic acid; HAc: acetic acid.
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Fig.7 HPLC-UV chromatograms of the vancomycin and
teicoplanin (20 mg/L) in spiked water samples un-
der different treatment conditions

I : direct injection; II : PT-SPE enrichment using the BC poly-
mer material; Il : PT-SPE enrichment using the BC@QPEI-POSS
polymer material.

Peaks: 1. vancomycin; 2. teicoplanin.
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Analyte (mg/L) (mg/L) Recovery/% RSD/%
Vancomycin 50 47.2 94.4 8.2
150 147.5 98.3 6.5
300 286.5 95.5 6.3
Teicoplanin 50 46.8 93.6 9.2
150 146.9 97.9 5.4
300 289.6 96.5 6.8
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