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Abstract

Taking the conversion of plastic waste into high-value chemicals as an example, this paper proposes
a “theoretical framework - case deconstruction - teaching transformation” pathway. It explores a teach-
ing model based on thermodynamic analysis of cutting-edge research. First, a theoretical framework
centered on the Gibbs free energy criterion is established. This framework is then used to analyze the
breakthrough work on catalytic polyethylene upcycling reported in Science, revealing how thermody-
namically spontaneous conversion is achieved through coupled dehydrogenation (aromatization) and
hydrogenation (hydrogenolysis) reactions. Meanwhile, students are guided to carry out a teaching ex-
periment on “preparing fluorescent carbon dots from waste masks”. This experiment demonstrates
how thermodynamic conditions drive material functionalization. A closed-loop “teaching-research-
learning” model is established, which helps students connect textbook knowledge with advanced lit-
erature and apply it to solve practical problems. This work provides a practical reference for integrat-
ing research and education in fundamental engineering courses.
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Figure 1. Schematic diagram of the core logic and framework
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Group label Chemical identity Estimated gas-phase increments
Afnagas,esl Sogas.est Cp
kJ/mol J/mol K J/mol K
temperature (K)
300 400 500 600 800 1000 1500
g -CHa- -21.0 394 23.0 29.1 34.5 39.1 46.3 51.6 59.4
o -CH; -42.7 127.2 259 328 393 45.2 54.5 61.8 73.6
2 CarC 23.0 -32.1 11.2 13.1 154 17.4 20.8 22.8 25.0
24 Car-H 14.0 48.2 13.6 18.6 228 26.4 315 352 40.7
gs Ar-CoHa- -20.0 39.1 244 31.8 37.6 41.9 48.1 52.5 57.6
& RIngEain 3.0 -25.0 46 63 54 5.0 3.8 29 04
correction
2H Ha 0.0 130.7 28.9 29.2 29.2 293 29.6 30.2 323

Figure 2. Standard thermodynamic molar function values of each group g in the Benson method
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1. C,Hynyy = (m—2) g1+ 2go (F1~-CHs Fll(m — 2)/M-CHy)

2. CoHy6,9=(M—10)g1 +202+20s+4gs+20s+ Qe

3.Hz,g=4gn

=N AT o =T R G S S 0 v O N W O N DS A s TP

NAEAE = —8AH® (g1) + 2A¢H° (g3) + 4AH° (g4) + 2A¢H° (gs) + AH° (g6) + 4AH° (H2) =8 x 21.0 + 2 X
23.0 +4 x 14.0 — 2 x 20.0 + 3.0 = 233.0 kJ/mol

SNEHEAE = —8S° (g1) + 2S° (gs) + 4S° (ga) + 2S° (gs) + S° (gs) + 4S° (H2) =8 x —(39.4) —2 x 32.1 + 4 x 48.2
+2x39.1-25.0+4x130.7 =389.4 J/mol K

FIRERE R B, TEITEIRNIRE 280°C (553 K) N M AGAS AR AS . {H 58 1 JBE IR AR 1% 50 R
I RMAE TR, MRS T & MNEE T WEIE, FICARREEEE, &N S HMA Y. HilTiE
254 BRH], FIEL Cp 29 400 K (B4 714 29.1 J/mol K. 13.1J/mol K. 18.6 J/mol K. 31.8 J/mol K. 6.3 J/mol
K F1 29.2 J/mol K.

553 K

AH o =233kJ/mol+ [ C, dT

298K
=233+[(553-298) x(2x13.1-8x 29.1+ 4x18.6 + 2x31.8+ 6.3+ 4x 29.2) | /1000
=251.7kJ/mol

553K
ASygc =389.4k)/mol K + [ —E-dT

298K

—389.4+(2x13.1-8x29.1+4x18.6+ 2x31.8+ 6.3+ 4x 29.2) x In (553/298)
— 434.8 k/mol K
Ggoc =AH 550 = TAS ¢
= 251.7—553><434.8/1000
=11.3 kJ/mol

TSRS SCME TR A — B, (Hl TRABIUERIfL, WA RZE, FEGE AN A BRI
SHE (11.3 kd/mol) 5 SCHRE (+31 kd/mol)B& A3 22 ¢
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JRJSE 2: iR (Hydrogenolysis): Cp.yHyun, tH, = CrHania #CoHap, (4G <0, HK)
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Figure 3. Schematic diagram of coupling reactions
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Figure 4. Flowchart of carbon dot preparation by hydrothermal route and its fluorescence and Tyndall effect under UV light
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Figure 5. Response of carbon dots to different metal ions; (a) Fluorescence quenching; (b) Effect of different metal ions on
fluorescence intensity
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Figure 6. The dynamic process of integrating teaching and research and the comprehensive application of physical chemistry
knowledge points
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