2025 4 10 f & i% Vol.43 No.10
October 2025 Chinese Journal of Chromatography 1177~1183

HFRR DOI: 10.3724/SP.J.1123.2024.11024

AFRHUR ST LW IT 5 KBk EHE MR- KA g
NEKRERH ST R

X FE', RIR’, FHE', KREE', HFrg"
(1. B TRSEHEE SARER, fm EIT 3610005 2. J8 1 K¥%5F2Epe, M EH 363000)

TEE  NAEE R 22D R & 25 BRI, T T — 300 0] T AR B AR o M F OB SE 56 12 S 56 AR 4
Z 07 1 (PAHS) 4 F S5 MR8 50, DL 9- 20 3k BURNUR 0 R TR A T R i, R JRL0L 7 B B R A 3k 3 b R
14 [ AH T3 A8 B (SPME ) £F 2 3, I8¢ HAE g ZE WA 0, FE AR AL A5 1 L 45 & o ROROH €633 12 (HPLC ) A6 U 37 358 7K A v
i) PAHs, ASCE BT A HE T — A58 8 A A0 A8 20 Hr S0 96 i AR, FLAAR 2 B4 4% SPME 2F 2 1) il 4% Fn 6 fIF 4K L 5t
9 SRR AL S BR KRR BT AL R AN HPLC 43 BT Az 45 . ZEZUMB1 ST, 5 A FF R 52 90 B0 AH SC iR 5 sc s vh 1 4
T 5L 96 VR BE ST U0 5 W1 M A R S TR T 4R A . A R S TR 2 2] RO T S A 2R 2 X4 IR T
B3 HOBh A A 4 v 43 BT A0 e e 1) B0 RE 7, S 35 35 T B AR R B Bl 2 Ll vl R A A B SR

SRR AR SIS B AR GO I AR AT s 2 IR D5 S WAH € 3%

FE S 0658 ERFRIRAD : A

Design and practice of undergraduate instrumental analysis
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Abstract: A research-project-based open instrumental-analysis experiment was designed for un-
dergraduate teaching led by the attributes of an environmental science major. In this experiment,
porous monolithic fibers are in-situ synthesized from 9-vinylanthracene and styrene (as a monomer
mixture) based on the molecular characteristics of studied polycyclic aromatic hydrocarbons
(PAHs), and then used as an extractant for solid-phase microextraction (SPME). A method for
reliably monitoring PAHs in environmental water samples was developed by combining SPME with
high performance liquid chromatography (HPLC). Students designed and constructed a complete
experimental instrumental-analysis process, which included preparing and characterizing the
monolith fibers, optimizing the SPME conditions, preparing environmental water samples, and
analysis by HPLC. Guided by teachers, undergraduates learned relevant knowledge prior to per-

forming the experiment, improved their operating skills during the experiment, analyzed data, and
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wrote research reports during the latter stage of the course. Undergraduates” interest is stimulated

by completing the experiment, while scientific thinking, analysis, and problem-solving abilities are

concurrently improved and cultivated. The present course also lays the foundation for cultivating

future high-quality environmental-science talents.

Key words: undergraduate experimental teaching; solid-phase microextraction (SPME) ; instru-

mental analysis; polycyclic aromatic hydrocarbons (PAHs) ; liquid chromatography (LC)
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Z% (naphthalene, Nap) . 75 (fluorene, Flu) . j&z
(acenaphthene, Ana) . 3k (phenanthrene, Phe) | %¢
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(182 MQ-cm).
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5 pm) ;i s A A (A) B 4K A (B) LG, i # A 1.0
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Fig.1 Schematic diagram of in-situ polymerization reaction
AIBN: azobisisobutyronitrile; DMSO: dimethyl sulfoxide.
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Fig.2 Photos of home-made (a) single monolithic fiber
and (b) multi-monolithic fibers
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Fig.3 FT-IR spectrum of home-made monolithic fiber
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Fig. 4 SEM images of monolithic fiber at (a) 34x magnifi-
cation and (b) 20 000x magnification
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FEAAEF B2 FE U . AR e H R T
W B 5 8] 7E 30~70 min 5 [l N SPME £F 4 5 4% B
RORMAR AL . anEl S s, S I B B[R] AL 30 min 3%
JnE] 50 min B, SPME £F 4 o i) £ Bk 2 W b 444
I, I AE W R I ) S 50 min B 3k B A5 A 0 2 ERK
T, Uk 2 3G im0z B ) AR BOROR AR AN . A
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Fig. 5 Effect of adsorption time on the extraction perfor-
mance of polycyclic aromatic hydrocarbons (PAHs)
Nap: naphthalene; Flu: fluorene; Ana: acenaphthene; Phe:
phenanthrene; Flt: fluoranthene; Pyr: pyrene; Chr: chrysene.
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Fig. 6 Effect of desorption time on the eluting perfor-
mance of PAHs
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Fig.7 Effect of the ionic strength on the extraction per-
formance of PAHs
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HPLC-DAD 73 # )7 & PR BE o TiC il — &R 51 A [ Ji
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PEAH 2 R 5L, R 0.990 1~0.997 4, £ H BR (LOD)
FE 1 FR (LOQ) 43 Bl 1H 58 3 A% #0110 £% 1 (3%
WEfE M (S/N) RS . R 1 REW T ERN
LOD FI LOQ 43 %]~ 0.021~0.089 wg/L F1 0.070~
0.30 pg/L.
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Horh, ¢, b #E 5 W PAHs 1 W) 06 5T & vk
(ng/L), C, H f# W H PAHs B9 T 2 ¥R (ng/L) o
ARSZE 7 B PAHs 19 E EAEHCN 61~126, % B fr
HENL T L RE A AU B IR i PAHS,

X IAR KSR 10 wg/L () PAHS by 1 % % 017
o, [/l — SPME £F 4 B AE [a] — K N 3% 2200 5 5 1K
() H N A %5 B (RSD) 2 2.2%~8.3%, [] — SPME £
YRS E 5 KM H RDKS %5 5 1.4%~4.2%, 45
R PTG kA RS E
Ak
F1 THPAHsHLMEE MXRM SEFR QYR ZER

g
Table 1 Linear ranges, correlation coefficients (R?), en-

richment factors (EFs), LODs, LOQs, and preci-
sions of the seven PAHs

j RSDs/%
Com- —near , LoD/ LOQ/  (n=5)
range/ R EF SR —
pound (ng/l)  (pg/L) Intra Inter
(pg/L)
-day -day
Nap 0.20-100 0.9974 94 0.039 0.13 4.1 1.4

Flu  0.20-100 0.9916 113 0.048 0.16 6.2 2.3
Ana  0.20-100 0.9920 126 0.048 0.16 4.6 1.4
Phe  0.20-100 0.9918 106 0.032 0.11 5.3 3.1
Fit  0.20-100 0.9960 109 0.021  0.070 2.2 2.0
Pyr  0.20-100 0.9901 61 0.049  0.16 5.2 4.2
Chr 1.0-100  0.9920 84  0.089 0.30 8.3 3.9

2.4 KAERTRE F0 0 AR = 4 R

IR T 8 7 i, 6 A B K i PAHs HEAT R
5K, IFBEAT 3 A K B I AR [l iRl i
B [ WA 5 R AH R A o i 2, D B &5 R Sk 2
TN o TERC I W 7K H A A 2] PAHS, A [A] K SF T 1
HAR R Ry 79.5%~111%(RSD=1.1%~8.8%) , i I
Jir oy vk A R ERE BT TARARE . K 8
Sk W K RE i RUIAR K SF- 2 10 wg/Le 19 8 K B i 28
SPME J5 iy LR o 3% K] v] LU, Zead mi i B
K ULA T 552 e 5 bR W) R PR R E 5T .
DL b 5 45 2R 3R W AR 52 86 g 37 ) SPME-HPLC-
DAD J7 38 FH T 38K (4 bR & PAHS R
K2 WAKERPIFHMSRFTREINKETHMIRERE (n=5)

Table 2 Recoveries of the seven PAHs in lake samples
spiked at three levels (n=5)

1.0 pg/L 10 pg/L 50 pg/L
Com-
pound Recov- RSD/ Recov- RSD/ Recov- RSD/
ery/% % ery/% % ery/% %
Nap 80.4 8.5 93.9 3.4 97.7 3.4
Flu 90.5 2.0 93.0 2.2 101 2.2
Ana 97.6 6.1 103 4.4 111 4.4
Phe 79.5 2.9 85.2 3.0 99.4 3.0
Flt 104 1.1 104 3.5 102 3.5
Pyr 96.1 8.8 104 3.6 101 3.6
Chr 99.5 7.4 91.2 8.0 84.1 1.2
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Fig.8 Chromatograms of (a) a real lake water sample and
(b) a spiked (10 pg/L) lake water sample after SPME

3 KWW AREHFELH

ARSI SRy PR 55 B 2 Rl AR o BT S 56 IR R Y
T S s 1 |, 2 3~4 N — 4], R 3 5
B 5 20T 47 TUME 58 BUSE 3 o i R S 5 1
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| Early stage l

Later stage |

Learning of relevant literature

Mastering operational skills

\ ! Writing the experimental research \
report and expanding the discussion

@ The principles of SPME

@ Preparation methods of monolithic
fibers

@ HPLC separation theory

@ Principles of quantitative analysis
by HPLC

@ Knowledge related to PAHs

@ Preparation of monolithic fibers

@ Characterization of home-made
monolithic fibers

@ Optimization of SPME conditions

@ Separation, qualitative and
quantitative analysis by HPLC

@ Actual sample preparation and

@ Processing and analysis of FT-IR
and SEM characterization data

@ Processing and analysis of extraction
condition optimization data

@ Analysis of actual water sample
measurement results

@ Processing and analysis of spiked

@ Experimental protocol design analysis recovery experiments
\ ] \ @ Spiked recovery experiment 1 \ @ Comprehensive experiment report 7
N 7 s 4 . writing and submission 7
~ - = 2 -

B9 MBESWXRBEHFRH

Fig. 9 Teaching arrangement for the instrumental-analysis experiment
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