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Exploration of the “Theory-Practice-Intelligence” Integrated
Curriculum Reform in Polymer Physics: Using the
Synthesis-Structure-Performance of Poly(vinyl butyral)
as the Course Framework
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Abstract: The teaching of polymer physics in non-polymer-related disciplines needs to further emphasize
engineering practice and applications, focusing on cultivating the ability to solve complex real-world
engineering problems through continuous learning. This course reform explored the use of poly(vinyl
butyral) (PVB) “synthesis-structure-property” as a framework, integrating theoretical instruction,
experimental practice, and Al tools (such as ChatGPT). By restructuring the course content, we have
created an “integration of theory, practice, and intelligence” teaching model to cover the core elements of
polymer physics. Through PVB product design, we connect the relationship between “synthesis-molecular
structure-condensed state structure and product performance”. Additionally, by using Al to visualize
formulas and perform data analysis, we made the influence of parameters on properties in theoretical
formulas more concrete, thereby stimulating students’ interest and understanding. Feedback indicates that
the practical value of the project and the educational utility of Al tools have been widely recognized. In

the future, we will further optimize project design, deepen the integration of Al technology, and enhance
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students’ mastery of key polymer physics concepts to advance interdisciplinary education.
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Figure 1 Synthesis of poly(vinyl butyral) (PVB) through the acetalization reaction of poly(vinyl alcohol) (PVA) and Al-assisted

project-based teaching
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Figure 2 Typical structures output by ChatGPT under the
prompt “Draw the molecular structure of poly(vinyl alcohol)
(PVA) with isotactic, syndiotactic, and random configurations”,

it can be seen that the structures are incorrect.
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Figure 3 Typical results from ChatGPT under the prompt “Simulate a random walk process in MATLAB, assuming 100 or
1000 steps, and label the straight-line distance from the starting point to the endpoint”: (a) The left subplot shows the result for
100 steps; (b) The right subplot shows the result for 1000 steps
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Figure 4 Change in the transparency of the reaction medium during the preparation of PVB (See video in appendix 6)
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Figure 5 (a) Using ChatGPT to directly upload the formula image and input the relevant prompt to generate MATLAB code;

(b) The plot for the corresponding Eq. (1) by running the MATLAB code (see Support information appendix 7)
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Figure 6 (a) Using ChatGPT to input relevant prompts and generate a MATLAB program for plotting Eq.(2) (Support

information 8; (b) Running the MATLAB code to obtain the generated image (Support information appendix 8)

4, MBS, HEothHEE
PPN (RIS, B 2 AR K I P T iR HE )T R
F T 200 v ) ol 2 58, PSR ARG & 2 T4 B A%
ORI BB R . (R B SRS A
TESE A B 205 5, BHED I J& PVB A s
SO H, 8IS SR AT R A L0 T SR W T SRR
BB 9), BESR A AR T ) SIS ) A I AR RAE R
PR o IX AR HUF BT 2 AR B K R I B B
F S, A SEZE6 A B2 SR AIE Bl A s B 75 3
ST RS A LG
23 EF3:RBEGEN

AR A R R B R 5 S B 28 SUEAT I
HERia, = AR S TR S S 5 4
K HA A A, W ER R SE IR I IE
Mg A7, HBEE RN & 0 THES
SR P LA & S LB 7 S, fE R ST,
RGVHE T BOIRN AL 5 45 b 2 1 e A J 7,
BT T BB AR IR B (T 56 55 (T,) Z 1]
)22 5 S AL 2 AR i . 455 PVAFIPVB Y
GrFEERRE A URONIERE T 43 45 AR R A
J1EEAT N RIS L) o

B PRZ 45 5, 2426 BE ED E N SO0 AR BY
Bro it wit A BRI SIS T R, Re il B AR AN
BEAIE 1 70 T A1 R B B AL B A 5 45 AT N, AT

TR BV RN B, SIS
I HI AL o

I N E B RAE AL B G,
WA R 23 7 B PVB MR} 35 55 A0 1 AR R (T,
MEETE I3 M 70 T80 T, KIS A B, e
PVA I 45 i i m (), JF 5 B AL R AR R AR HEAT
SR T SRER AT, S AL 75 T ) SEIR T SO LA
TCHEAE B 10), B A R S B AR
TR, DAL DSC i 24 Hh 35 3 A e 22 5 40 Rl R A1 06 )
WO

SIS e, S AR X AN F] 2 7R PVB A
it Ty FEDXE EE AT (B 7), TR 20 78X R4 R
PERE ATRZ I AL, 045 707 B SR A0 9] A1 L
TERAERIZR . [FIY, 4545 PVA RIS B AT O, WL
FF I £ i R (— SO AR) 5 3R A B AR (A
AR)FEDSC HiI £ Hh A AFAE 22 7o I b b ok T
H5 AN BB AL B AR I T 2 I BR ARRE, BE— 2D
HITFRE T SRR IS

XA AR PR 5 S I R AR AR 4 A I B
o MAEAAESR T BS540 WS A
&, WEIRAMEL R T T AORHEER A )
FAT AR, X LR AR i 5 e, A
R i 1o A 6 12 4 K0 4k B8 0 R0 1) LA vk e
[l SR AL T AR AR A5 K- BE 5 &R IR,



6 34 g B PSRRI IR R  LUR SRR 4 T e & -S54 -VE BE N IR AR B A 979

(@)
84.57°C

74~90 °C
84 °C
1
81 °C
- 0]
77 °C
o ——
74 °C
ﬁ_k—k

Heat flow (a.u.)

iR AN T

50 60 70 80 90 100
Temperature (°C)

(b

~220°

Heat flow (a.u.)

3I0 6I0 9I0 12I0 150 léO 21I0 2210
Temperature (°C)

7 [AZEDAR Y DSC Hh£e: (a) A [FMEF ) PVB 3

FEALHEAZ; (b) PVA 1 A

Figure 7 DSC curves measured by classmates: (a) Glass

transition of PVB with different modification rates; (b) Melting

point of PVA

Ja SRR R T 5 N B8 1 LS ARl
24 T4 SHMESHEM

AR A R R B R 5 SR B R A8 ST I
PR, R S I A A TR
DA Ktk ) S SR D A . TEBRIR U R
W5, B PE Hh 5] N ChatGPT 4 Bh # 2% 18 524
FIF ChatGPT K ZikA v ¥ o pi A sk AT B A AL
B, 5] 2 i) v s PR AR Y (1) R g - AR O R il 2k
TE T R P B A AR FE S SR, B SR X L
A Bt R A B . X R T A B A
B R N R B R S, IR T AR AT
SR AR T AR —— BRI FRETE R 2P T 1K
IR A4k

R — 0 A A v B AR, R
REA LR R I RENLAT ERLSY, 48 5 A E
ChatGPT %% 5 MATLAB 3y ) #2/3 (iFf 'L H S KF
TP 11, B B AE A A SN AR R R
A I A AT RS (EI8), R % I B
&L 55 T K RO S RHE AP EDIRAS . X
1 G 3R B Ay BB ) 2 T, AN i
TRURE AT ER AR, R B E R TR E S N
WAz,

TE S I 0 IR, 2 A A0 P A 1) 4 T AN T
Iy FEAUEHR I PVB FE 5, SR FH RO R ) 4%

8 (D THEMBENLYIAAI B, S BB A HIVE S 70 R A2 A AN R 5 (b) A 328 A B 2 SIS ST, 20 mObR AR 24 it 7 7
fHo BT S RoR TR U5 AR S BEAN 2 BTN (5 14 J878 ChatGPT $27515:“ %5 MATLAB 27, 3 i
JEIR > T REAE RN LZ B0 55 A RS D04 PR RO AL A o 7 STy e [ I S 0% o) S o 769 7 I PR 14 P A2 04 o 2

Figure 8 (a) The random initial conformation of the polymer chain, which deforms and recovers under periodic external force.

(b) The curve of the varying external force is updated in real-time, with red dots indicating the force value at the current frame. Dynamic

text: Real-time display of the mean square end-to-end distance of the polymer chain and the currently applied external force. Typical

ChatGPT prompt: “Write a MATLAB program to animate the conformation changes of a polymer chain under random thermal motion

and periodic external force. The animation should also display the time-dependent curve of the periodically applied force”



VAN

980 7

h=x
=]

%

DI 8 2025 4

LAY FRERARE, FFE T dr A HLI R W S i
JEE AR R AR T N s st B T S 1 B GRE L LT
YFE B WE12), XL R AR R T
9> TR S R RE MR (1 B A S G H B, R R
ERIR AR SRR B SR A T SHIE S R

SIS EE W, A T T R A A S
ATIRNAHT, H R BRI 4 T 25 MR IE (i 7
B BN J1E R S ML, JE M4
BN SRR SIS . B X RS YRS
SLIBAERI AN A, HERE NN 2T 1830
B FW ) 5 R I 2 ROBEAL A, PR N BRAR & 5 T
PR ) B R B B AT

IX o PRS2 il B B B SN R A
T AR ER N RN KT R S B R RE Y,
P& B 7% T AT M R i SR AERE T, SRR
M T AR T S TR B8 T LS %
N 20N
3 RIRMERTEMN
3.1 Bl

ERAR IR G WG, N Tt R R 1
) ROR AR B B8 77, BATTE T T 10 N R
PERAEME

BNV 1: BRIRPVBIIZE S H S @& o T 555
AT 2 ] B ORI, FEE5 A o T R At
W, KX e SC Bk 5 PVB P RE RS M B R 2R, T
R SEBE T AT o

PEME2: 43 it PVB TE 45 8 A4 A it 72 H 2K
PERAR AL IS AR, TR I R BV 0 S ) 22 AH 3L
GHAT T R, B IR N AENLER

PEME3: JF R — AR F R ERIAL T B4
BESTOHEAB R FA TR Bk
s S 5, RN L RAE = o 0 L By
[ CE A -

PEME TRIE Y 2 B 7ERTI B A5 1A B, B
AR IR FEAZ O N (U0 4> FRESE M L #5447
N RS ) AR AE L, DA BORE B8 R
FF- 52 b il o AT (R BE 77 A5k 3 U H T 174 H
FR2 BYIA RLE, It AL T B 454 B it %
2R A N LA B R AE 5 20 T ) B AU FH 1)
R 500 R
32 FERIR

15 58 ARG » BATTE R 2 ) S G LT

SCHRE BB 13) VPl T AR BT R, AR
Al T B 5 HCER G M OOE S il R S .
IIRTEER BT .

(HE R TE L BREZHFEE
(82.61%) A JF L 2% > X THE SE B B A BRI 45
TR, H60.87% K2 AN NTE T B UK,
21.74% 2EE TR S B LB K. X R H
Pt 5B gE A R T & 2 T B 5] R AR 2
T ANAT, ARBL T 2 A X R AR P 2 1 SEBR N
A ) TR

(2) %t PVB A B i 2 S L 5 -1 g 1) 28 A 72
J& = 243.48% (12 RN KT PVB A il 72 J FL 45
P BE 23 BT A s i I B AR, 52.17% 2 A2 A 3
FRFERE — M, I 4.35% A AR RO AN R . X%
B K HR 2> 224 OB 4R TR A% O N, B E
AT A BRI 5

(3) SEER I H FE B &K S 5% (100%) —
FONNPVB A S G ERE TR IER E A 1EN
SEERIE ) M. 3K T A A S S R O ) i
B3 FERI 1% S50 W T 10 i FE A AT, BGAIE T B AR
T H A s m .

@RI A s v R A AR BOR,
69.57% I A NN IR FE O AMURF AR IR TE SIN T
AL TR, 47.83% )5 N A IRFE G & 7 AL
. UEAh, 56.52% 252 RN IRFR 1 S 0 2 HE &
B X R B IRFE BT B R ) 43 e 1S
BT EEWTZ AT KRR, AR — 0 5
T H AR RS S S B g & TP I B EH .

) NTHERE T R M aiib: 24w NN AL
BAE NS 5 (78.26%)  HE & LA (78.26%)
TR HA 2, 69.57% M2 B0 E T AL TRTE
g4 RO TR . X 2 W] AL T 576 75 B
S PR A A R AR T 2 ST AR T T R T
EAEM.

4 5B

A URAE SCE QDR A g 7 B e- A
TR (-8B = — R e il DURA
HE T REN IO ELIR) 2R L) e 4 T 1 (PVB) it
TRt G, BlGE “ ik -PERE- 7> 718807 I LT
o voit. WL PVB & B 72 Hh i B 45 R AR
HABRAT Ju~ R A B A R ok 46 L R SR 9], &R
SRR o TR L VMR A 2 B AL



6 34 g B PSRRI IR R  LUR SRR 4 T e & -S54 -VE BE N IR AR B A 981

BRGNS AN E S A R R L

W DA 7 T B R R HO 8 B4k, SR
A ATEORAE OB B4 SEIR A T (Rl 2 2k
PVB & it F2 i S i) 8 B 22 AR g s 5 T
RESEBRAR S, & AT R IR I B 2 48T 1 2228
X il 5 B e B A, R ) R AE A UL T
AR 70 A 55 07 T, AT AR AR T R 2R B
SR .

AP R R N DR RE SR
ChatGPT)IR I . ML AUABI #2278
O AHE S 5 TR Bl 70 #r B S8 Ve i 45 U T
R T AW IR RV RR, R
FENTTEAR 5 S AR 4 & I A, IR AT
HAESRT L2 )RR R 45 5 B VA

AR, IR B8 — KAL) 7 18]
FrEife. 3t — DS HE ik AT, T
FLHE AR N TR BE B S R0 IR AN T AR A
iR R R AL Gt o T R R, B4 3E B
B R CRERR T R LR

S 3k

1 REEE, OB, mRE, kA . ik TR
AR B WA . & T i@k, 2012, (2), 108-111.

2 B BEECE T BENILEENE . LFER
F (P 3£ ), 2023, 44(18), 45-48

30 EREHE, TEFE, MEE. RikES FYEEAIE
%4k . B -Fil AR, 2022(9), 144-146.

4 WEE, TH, BREN, S . DSBS E LS
ST KA, 2017, 32(1), 64-68.

5 M. Mo TESEHNRANA. KFRF, 2024,
(), 2401014.

6 AFAE, M, AP Gl A 450 5 1 BE D
MEOR— QHFRFETAM. HoTiER,
2013, (11), 105-107.

7T R, R, iR R T BRI 2
S5k BTl AR, 2007(8), 55-59.

8 TAM, IKENE, AR . Mo TR A s Y
RN . & T4k, 2007, (4), 71-73.

11

12

15

16

19

20

TROC; AR RIEHE ; BRIk SR . (o T4H)
EOVEREHTTL . &5 F 84K, 2018, (2), 66-69.
R, U . CRHUREERL S K 2 T B AR
R BT8R, 2023, (12), 1740-1744.
BEF, B RO T R ] A R
FECR 7> T ) IRIE I RBIH. & o T8,
2022(3), 73-78.

FALUE, WK, 5K, R, . Mo TR
W BB AT IG BB BEE R E . & aTiEdR , 2017, (2),
84-87.

Hill, M. A.; Overton, T. L.; Thompson, C. D.; Kitson, R. R.
A.; Coppo, P. Undergraduate recognition of curriculum-
related skill development and the skills employers are
seeking. Chem. Educ. Res. Pract., 2019, 20(1), 68—84.
Holme, T. A. Can today’s chemistry curriculum actually
produce tomorrow’s adaptable chemist? J. Chem. Educ.,
2019, 96(4), 611-612.

Lafuente, D.; Cohen, B.; Fiorini, G.; Garcia, A. A.;
Bringas, M.; Morzan, E.; Onna, D. A gentle introduction
to machine learning for chemists: an undergraduate
workshop using Python notebooks for visualization,
data processing, analysis, and modeling. J. Chem. Educ.,
2021, 98(9), 2892-2898.

Joss, L.; Miiller, E. A. Machine learning for fluid property
correlations: classroom examples with MATLAB. J. Chem.
Educ., 2019, 96(4), 697-703.

Jablonka, K. M.; Patiny, L.; Smit, B. Making molecules
vibrate: Interactive web environment for the teaching
of infrared spectroscopy. J. Chem. Educ., 2022, 99(2),
561-569.

Revignas, D.; Amendola, V. Artificial neural networks
applied to colorimetric nanosensors: An undergraduate
experience tailorable from gold nanoparticles synthesis
to optical spectroscopy and machine learning. J. Chem.
Educ., 2022, 99(5), 2112-2120.

Qiu, R. Y.; Lin, Z. Q.; Yang, Z. C.; Gao, L. Machine
learning for infrared spectral classification of polyvinyl
butyrals with identical chemical groups: an example for
undergraduate chemistry classes. J. Chem. Educ., 2024,
101(2), 328-336.

Wi, Bk, R, . —4Em TR S
RSB &9 384K, 2003, (5), 76-80.



