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Abstract

In view of the long-term lack of cationic polymerization reaction types in traditional polymer chem-
istry experiment teaching, the weak training of molecular structure-activity relationship, and the
lack of full-chain scientific research thinking of design-synthesis-characterization-evaluation in ex-
perimental training, this teaching reform project transforms the research results of the preparation
of fluorine-containing low-dielectric resin microspheres into undergraduate comprehensive inno-
vation experiments. The experiment covers the complete scientific research process of anhydrous
and anaerobic suspension polymerization process, fluorine-containing monomer ratio regulation,
product purification, Fourier transform infrared spectroscopy, differential scanning calorimetry,
and characterization of high-frequency dielectric properties. By comparing the structure and perfor-
mance data of the products under different formulation conditions, students are guided to deeply
understand the mechanism of the fluorine-containing groups to reduce the dielectric constant, and
systematically establish the structure-activity relationship between molecular structure and mac-
roscopic properties. The teaching practice shows that the experiment effectively stimulates stu-
dents’ interest in scientific research, and significantly improves students’ comprehensive ability in
anhydrous and anaerobic operation, spectrum analysis and structure-activity relationship analysis.
The quality of experimental reports and classroom participation are significantly improved com-
pared with traditional confirmatory experiments. This experiment realizes the efficient transfor-
mation of scientific research achievements into high-quality teaching resources, and provides a
popularized example for the integration of science and education in polymer materials and engi-
neering, applied chemistry and other majors.
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Table 1. Knowledge objective decomposition table
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Table 2. Skill goal breakdown table
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Table 3. Literacy competency breakdown table
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Table 4. Experimental groups and formula conditions
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Table 5. Structural characteristics and dielectric properties of typical experimental products
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FEfgmS  FTIR HHiEME(C-F/em™) LEAE %) Tg(C) S HH (e, 10 GHz) I A5 (tand)
A4 - 12.5 158.4 2.65 0.012
B4 1135, 1180 8.2 165.2 2.24 0.005
c4l 1138, 1185 6.5 168.7 2.12 0.003
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Figure 1. FTIR spectrum of a cross-linked fluorinated acrylate prepolymer
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Figure 2. FTIR spectrum of cross-linked fluorinated acrylate resin microspheres
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Figure 3. Comparison of DSC curves for three groups of fluorinated resin microspheres (Second heating cycle)

3. TS HEMBEMERAY DSC BAZ XL (8 =% FR)
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F+T#110C.

Tg (19T i ] S BRI 28 S5 46 15 73— BE I 9 7 T fgeRe . — 7 1HD,  OFPA FAA v 1) 5 3l B A 0K
Mz AL E, BRI TR AR N e, e T EBIZEIRESR: B —J7H, C-F BErsae =ik 485

DOI: 10.12677/ces.2026.149749 832 ClE e E= R


https://doi.org/10.12677/ces.2026.149749

Tiat 55

kJ/mol, 1T C-H ##(414 kJ/mol), e IoI N8 7 0 FREFIFREE. Ak, Stz (a1
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5.1.3. XRD &G E S e M REREL 4

X SHEATHT (XRD) 2B R GV RES W EEF B . T e R EYIE XRD ERE R 2 —
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Figure 4. X-ray diffraction pattern of cross-linked fluorinated acrylate resin microspheres
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OFPA LI in— KA WEEh C-F #2530 K (FTIR USRI R) —~ /0 AL R BRAC. B R K. 455
J& T BE(XRD)—~ 85 B NI T3 58 . Tg T8 (DSC)— A FEH BRI A FRARHE [F) 2D BRI . X — 58 BE I 2 40 4 4 il 2
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PAFATHE S BIE R SERRHE36 N )R IEIEG4 N)o PHEEAEAEPERILLE]. BTS00 7 A0 SRR 2
Gt BN ST AR ¢ RIS TC R H 253 (P > 0.05), BA RIFMATHME. SCIRHER A
A, W RYER AL GIIEE LI HF . SCIRHCAIIRRT, X IEAT B 7 R A LA A
RN AN RS BRI BRERARUS I IR A AR R SR A AT SR I AT
URARSEAUG X SEIRTE 36 442 AT 7 AC A G W A (IO 2 2 34 47, A AR 94.4%).

52.1. FHNHESHEERR

HERHAZERRF HAER( = FEARRE, 5= FEFEE), MESRWNE 6 . Hr, “ARLK
WM TIHE T RE 5 ARSI X —Wir 438 (FEFE 91.2%):  “lixf A
BEJ7 (A FLVE RE R , TR ABTR I S 70 1 450 5 MR R Z RN A B R 7 38143 9 4.26 (IR S5 88.2%);
“TKTCEEAENZIRTE T RAFTERIG IR B0 4.50 (FIEFE 94.1%): AR LI Ak ST
538 4.35 (FEZ 91.2%).

Table 6. Student questionnaire survey results (n = 34)

F* 6. FERIBFELER(n=134)

INElS

A H By sAFERR) 4@ 3% 2(REE) KA

Gjces

AL EM T HEFRESH
HH L 55 (R AR T X 1)

IR LA FIRS T #dE,  FRARIE M
SRR RN

TR TCE IRV ZRAR T T I TG S

Uy wial

B AR LA R R SR Be Ye TG B T IR
FRIBHITHR 5%

of R S TR P AR A 7 435 16 (47.1%) 15(44.1%) 2(5.9%) 1(2.9%) 0(0%) 91.2%

438 17(50.0%) 14 (41.2%) 2(5.9%) 1(2.9%) 0(0%) 91.2%

426  14(412%) 16(47.1%) 3(3.8%) 1(2.9%) 0(0%) 88.2%

450  19(55.9%) 13(38.2%) 2(5.9%)  0(0%)  0(0%) 94.1%

418  12(353%) 17(50.0%) 4(11.8%) 1(29%) 0(0%) 85.3%

5.2.2. ERMEXTEH

TERTI A, OGP B PR FH 2 7 S S AL 1R 21 B (1P 3543 70 %55 R 52.6%F1 51.3%, TE/HL
R PR 2R R A B BN 48.9% 1 47.2%, SMSTAEAR t K556, WEHELE AT AN AR 2 R IR
BEP>0.05), FHSLIGHCEETFRERTPIEFE P RRIEL T F—KCF . EFNEREEAR SR+, WKk
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FHES 5 SR GHLELAN S o BO M D SR PTE SR & R A5 0 5, SEIREIE 1500 86.7%H1 82.4%, X IRHE 7355
68.3%F1 61.5%. SLIGHLEN BEIE> B3R 1 18.4 NE 70 1M 20.9 DA J R, R UIA SR X 2 AL PR AR A%
OENREA RN IEMITBRIEM3]. LR FZAS RIS, WE 7.

Table 7. Comparison of scoring rates on exam questions related to experimental knowledge points

F 7. HRMIRRERG TR

FERGFNR A SHEPERTM WIS SRIOEERTI SRS WMEZER(E S A)
FH & TR AL LA 51.3% 68.3% 52.6% 86.7% 17.1
N HGE W R R4 A 47.2% 61.5% 48.9% 82.4% 19.2

N SIS A BEE— 0 0T, SERRPRAE FHBS T SR S VLB AR A 11550 2 AT 52.6% 42 2 J5 il
86.7%, HEAN 341 ANFE IS s MBI 51.3%5EFH 2 68.3%, HIEA 17.0 ANE S Ao 1EA HH B2 A
RHH S b, SRIGHEI 48.9% 4R THE 82.4%, HHE N 33.5 NE A MBI 47 2% THE 61.5%, &
N143 NEG R BMFEAR 5, SCIRPEE AN AR B oI B B S TR PEP < 0.01),
AR B AR SE G S S A A O R R S R B B B IE AR E . X — R RS B 1) 2 A A
S A I UL SN (R RUOR ZR U\ T [ 75 2 88.2%  RHIF M R 1Y 548 [7] 2 28 85.3%) TR 1 FEMARTS: - WLkt ”
WEIEESE, BONATH ISR T A #Mese i i 20 R
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6.1. PBL 5 A B ESHFTB %M

PRETTI IS (PBL [0 EEKZN), HHBUMPLH P FL SR “5G mAlis E MR a4 2K/ H
ARSI 12 At A GRS i ml DUSEIR A R ? 7 BT E -, A ROk, ANHIRATI
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