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Design and practice of instrumental analysis experiment:
determination of borneol and camphor in Chrysanthemum
by multiple headspace extraction-gas chromatography-
mass spectrometry

LI Huixiang, JIANG Wentao, ZHOU Lihang, ZHENG Han, LIU Shasha, LEI Jie'
(Department of Chemistry, Fudan University, Shanghai 200433, China)

Abstract: On the basis of previous experiments and research projects, this study developed an
undergraduate instrumental analysis experiment by expanding the functionality of existing instru-
ments. The primary objective was to enhance awareness among both instructors and students
regarding the importance of sample pretreatment. Using Chrysanthemum as the analytical sample,
an analytical method for determining the content of camphor and borneol was established based
on multiple headspace extraction-gas chromatography-mass spectrometry (MHE-GC-MS). By
systematically optimizing key parameters such as headspace equilibration temperature and time,

the optimal pretreatment conditions were determined as an equilibration temperature of 100 C and

W5 B #9:2025-10-22
* BIEEEZRE A .Tel:021-55665593 , E-mail ; jielei@fudan.edu.cn.
EE&TE Ll BRI E B 72 50 70 2,05 BOE AL 2= 101 31007 Ak 2 00 ik 2% 92 90 5 e e 000 H 5 808 S0 50 — it 1l LB wr
AU A -1 101 T Al 2 0 2 S S DR R AU BT A ER iR T 2 SR O R R AT R

Foundation item: Top Students in Basic Disciplines Training Program 2.0; Ministry of Education Chemistry “101 Project”
-Chemical Metrology Experimental Course Construction Project; Ministry of Education Third Batch of
Virtual Teaching and Research Office Pilot Construction-“101 Project” Chemical Metrology Experimen-
tal Course Virtual Teaching and Research Office; “Putting into Practice” Project of Fudan University’s

“Strengthening the Nation” Ideological and Political Course.

AR g il b 3 R AR B R AR B I S R R



- 822 - é .‘LJE{%

an equilibration time of 20 min. Method validation demonstrated that both the liquid and solid
external standard methods exhibit good linear relationships, correlation coefficients (R?) ranging
from 0.981 2 to 0.999 2. Using the established method, the measured contents of camphor and
borneol in Chrysanthemum were 0.917 4 mg/g and 0.944 2 mg/g, respectively. These results are
significantly higher than those obtained by traditional hydrodistillation-solvent extraction, reflecting
the near-complete extraction advantage of MHE. As a comprehensive inquiry-based teaching project,
this experiment has been successfully integrated into the instrumental analysis laboratory course,
effectively cultivating students’ comprehensive practical skills and scientific thinking in method
development, condition optimization, and data processing. The proposed teaching method does not
require additional experimental reagents and demonstrates good universality, extendibility, and
promotability, providing valuable insights for the reform of instrumental analysis laboratory teaching.
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Fig.1 TIC chromatograms of (a) the solid standard
sample and (b) the Chrysanthemum sample
Peak identifications: 1. camphor; 2. borneol.
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Fig. 4 TIC chromatograms of five consecutive headspace extraction analyses for the solid standard sample

Peak identifications: 1. camphor; 2. borneol.
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Fig. 5 Linear regression curves of two compounds in dif-
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Table 1 Linear equations, linear ranges, and correlation

coefficients (R?) of camphor and borneol

. . Linear )
Compound Linear equation
range/p.g

Camphor y=1.2700x10%:+556141 4-40 0.9958
(solid)

Borneol y=3.3874x10%+229415 3-30 0.9812
(solid)

Camphor y=1.2869%x10°x+91713 4-20 0.9992
(solution)

Borneol y=1.4299x10’x-173556 2-10 0.9992
(solution)

y: total peak area of compound; x: mass, pg.
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